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KEYNOTE – Tuesday, 2 July 2019. 
POWA, 0900 

Global Fishery Declines and the Fate of Human 
Nutrition

CHRISTOPHER GOLDEN
Department of Nutrition
HARVARD T.H CHAN
School of Public Health 
E-mail: golden@hsph.harvard.edu

My keynote presentation will focus on the following 
questions:
1. What are the current role of fish and other seafood 

in maintaining macro and micro-nutrient nutrition 
for populations around the world;

2. How will projected changes in global fish stocks 
affect human nutrition; and Which populations have 
the greatest nutritional vulnerability to changes 
in the status of fisheries? One of the centerpiece 
products of this effort will be an analytic framework 
and architecture that will allow decision-makers to 
calculate the health implications of different marine 
management strategies at a variety of scales from 
local to global. I will highlight a range of case studies 
to estimate shifts in burdens of disease for particular 
populations associated with decreased access to 
seafood in the diet (e.g., Madagascar, Bangladesh, 
Cambodia, coastal British Columbia, and others). I 
will also discuss the role of aquaculture and fisheries 
management in supporting human nutrition.

KEYNOTE – Friday, 5 July 2019.  
POWA, 0900

Gender and Ocean – recognition of women’s roles 
in fisheries as a building block for sustainable living 
with the ocean

CORNELIA E. NAUEN
President Mundus maris - Sciences and Arts for 
Sustainability
Email: ce.nauen@mundusmaris.org

Ancestral conservation roles of women and high social 
status in many traditional societies, has given way to 
still prevailing patterns of unrecognised, unpaid and 
largely invisible work of women in many contemporary 
fisheries. Thankfully, gender roles attract a slowly growing 
attention in research and management. The evidence 
about roles of women in these documented fisheries 
suggests that, although their labour and managerial 
contributions are often substantial, widespread denial 
of social recognition keeps their contribution largely 
unacknowledged and unaccounted for. Women are 

typically most active in the postharvest sector, but also 
in net mending, preparation of bait and management of 
family affairs, while the men are at sea. The work patterns 
of women are remarkably similar across very different 
social systems and degrees of economic development of 
their communities or countries. The evidence points to 
an inverse relationship between health of the resources 
and status of women in the value chain. Towards the “end 
of the line”, extra-effort expended by women, including 
paid labour in administrations, renting rooms or other 
income-earning activities serve to keep their men in 
fishing despite declines in the resource. This can easily 
lead to social dumping and perversely enable further 
overfishing. Often, as a last resort to ensure access to 
food and/or secure some additional income, women 
go fishing themselves or glean seafood from coastal 
flats although seafood gleaning and the like seem to 
be globally on the decline. Lack of access to technical 
advice, new technologies, social services and credit are 
recurrent obstacles for women to maintain or regain 
status and income within the sector and command the 
deserved respect as citizens in public and private lives. 
Conversely, where such access is offered as a matter of 
policy or e.g. thanks to projects, women have not only 
advanced economically, but also acquired respected 
leadership positions in professional organisations and in 
communities. The talk will elaborate on the results of 
this meta-analysis based on case material. It will explore 
opportunities afforded by the political consensus about 
Agenda 2030 with its 17 interconnected Sustainable 
Development Goals (SDGs), and in particular the 
implementation of the Guidelines for sustainable and 
prosperous small-scale fisheries. These are part of SDG14 
and specify gendered measures. It is most fitting for the 
UN to pay heed to the Zeitgeist and work towards 
gender equity by choosing “Gender and Ocean” as the 
key theme of this year’s World Oceans Day (8 June).

KEYNOTE – Thursday, 4 July 2019. 
POWA, 0900

Lessons from coral reef devastation, reorganisation, 
and recovery

NICK GRAHAM
Lancaster University
Email: nick.graham@lancaster.ac.uk

The 2016 coral bleaching event has devastated coral 
reefs across much of the Indo-Pacific. Many reefs have 
lost substantial amounts of live coral, are vulnerable to 
collapse, and the knock-on effects to the wider ecosystem 
are still unfolding. While this is an unprecedented event, 
nearly 20 years ago, the 1998 bleaching event had similar 
impacts to much of the western Indian Ocean region. In 
this talk, I will draw on the lessons learnt from research 
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in the aftermath of these two major bleaching events, 
and the decades between them. Boom and bust dynamics 
of keystone reef structures are now evident, with major 
responses in fish and benthic configurations. Strong 
feedbacks are maintaining some reefs in a degraded 
state, and these feedbacks may need to be weakened to 
encourage recovery. Fisheries may not be as vulnerable 
to these changing configurations as anticipated due 
to fast-growing productive species. The performance 
of marine protected areas has changed through the 
long-term post-bleaching coral reef reorganization, 
with the species benefiting from protection now being 
quite different to those on pre-bleaching reefs. Careful 
management of fisheries and ensuring the right nutrients 
reach coral reefs may help enhance coral reef functions 
and reef recovery rates from major bleaching events.

KEYNOTE – Wednesday, 3 July 
2019, POWA, 0900

Towards Ecological Stewardship Based on 
Ecosystem Natural Capital Accounting

JEAN-LOUIS WEBER
International Consultant
Email: jlweber45@gmail.com 

Our neglect of the natural systems that directly and 
indirectly provide for our livelihoods results in the 
depletion of material resources and in the alteration of 
the ecosystem functions that permit their renewal, and 
consequently, of our life on Earth. This finding is renewed 
year after year, through warnings from the IPCC on 
climate, from the Global Footprint Network on the 
inexorable progress of the day of surpassing the maximum 
use of natural resources and from the WWF and IUCN 
on the collapse of biodiversity. But few consequences are 
drawn from these observations and the usual policies’ 
“small steps” finally hide the magnitude of the challenge 
that we face. The ignorance of ecosystem degradation 
is largely due to the fact that it escapes the economic 
calculation on which most decisions are made. In fact, 
while material natural resources are appropriable and 
exploitable as economic assets and therefore accounted 
for, the reproductive functions of the natural systems 
that provide them are public goods. These functions are 
considered as “externalities” by the standard economic 
theory and are not recorded in accounting books in so 
far as their degradation doesn’t generate costs for the 
owner. Yet there is a cost regarding ecosystem functions 
as public goods, from which by definition no one can be 
denied access.

The unfair side of the “predatory” behavior of “free 
riders of the common good” not paying their dues is 
frequently denounced. Beyond environmental legislation 
that tries to prevent nature’s degradation through 
regulatory measures and taxes, other policies based on 

economic instruments have emerged, with more or less 
success. Not only governments, science and NGOs are 
concerned with climate and biodiversity degradation, 
business as well and noticeably finance which understand 
that environmental impacts are serious risk factors to 
consider in investment decisions. Discussions are now 
on the appropriate metrics needed for addressing 
biodiversity issues on par with climate change budgets 
and accounts. The Ecosystem Natural Capital Accounting 
– Quick Start Package (ENCA-QSP) published by the 
UN CBD in 2014 is an enlargement of the UN System 
of Economic-Environmental Accounting, of indicators 
frameworks that focus on the measurement of ecosystem 
services as well as of the “carbon” accounts on which are 
based UNFCCC mechanisms. The ENCA methodology 
is an accounting framework which addresses all 
ecosystems (inland as well marine and the atmosphere 
systems) and being based on spatially explicit data and 
statistics can be implemented at any scale, by socio-
ecological geographical units as well as for countries, 
local governments, and enterprises. ENCA allows 
calculating the natural capital depreciation and compiling 
ecological balance sheets which will modify the economic 
decision criteria by disclosing hidden costs ecological 
debts. Ecosystem capital degradation is an unpaid cost of 
which the counterpart is ecological debts. These debts 
remain virtual as long as they are not measured and 
recorded in order to be offset. Accumulation of debts, 
however, is a risk that can manifest itself in slow or brutal 
catastrophic crises of technological, climatic, ecosystem 
or/and financial nature. ENCA is a structured framework 
that uses a standard metrics to measure ecological value 
and ecosystem degradation. The rapid development of 
scientific knowledge, data acquisition, and information 
processing technologies makes the implementation of 
ecosystem accounting possible now.

KEYNOTE – Tuesday, 2 July 2019.  
POWA, 0945

Why Africa should be at the forefront of the fight to 
eliminate harmful subsidies at the WTO

RASHID SUMAILA
Director of the Fisheries Economics Research Unit
University of British Columbia, 
Vancouver, Canada
E-mail: r.sumaila@oceans.ubc.ca

The period from 2019 to early 2020 will be critical in 
determining whether the World Trade Organization, 
tasked with eliminating harmful subsidies, will be able to 
deliver to the world an agreement that will discipline 
subsidies that lead to overcapacity and overfishing. In 
this presentation, I will first provide an update of the 
current scope, amount and types of subsidies given to 
the fisheries sector worldwide by public entities.
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I then proceed to demonstrate why the world should 
eliminate and/or redirect subsidies that support the 
depletion of our vital marine ecosystems. In particular, I 
explain why Africa and the developing world, in general, 
should be at the forefront of the fight to discipline 
subsidies that undermine the resource base upon which 
millions of lives depend on for food and livelihoods.

KEYNOTE – Thursday, 4 July 2019. 
POWA, 0945

A taste of Ocean Acidification

SAM DUPONT
Department of Biological and Environmental Sciences
University of Gothenburg, 
Sweden
Email: sam.dupont@bioenv.gu.se 

Ocean acidification is a direct consequence of the increased 
carbon dioxide (CO2) concentration in the atmosphere 
due to human activity. As CO2 is absorbed by the ocean, it 
turns into carbonic acid and alter the carbonate chemistry 
leading to an increase in acidity (a decrease in pH). Since the 
beginning of the industrial revolution, the average surface 
pH of the ocean decreased by 0.1 pH unit corresponding 
to a 30% increase in acidity. A further pH decrease up to 
0.4 pH unit is projected by the end of this century. Over 
the last 20 years, thousands of articles demonstrated 
without ambiguity that ocean acidification is happening 
all over the world and that marine species, ecosystems 
and associated services (e.g. seafood provision) are and 
will be increasingly impacted. However, many challenges 
remain. Ocean acidification is a global issue requiring global 
actions (mitigation of CO2). Ocean acidification is also a 
local challenge with consequences for local communities 
depending on the sea and the development of technological 
and societal adaptation measures is key to buy some time 
needed for global CO2 negotiations. To address mitigation 
and adaptation, new knowledge is required at the local level 
including a better understanding of coastal acidification, 
the impact of variability in pH and other physico-chemical 
parameters, the role of local adaptation in species and 
ecosystems sensitivity, interaction with other local and 
global drivers, etc. Acquiring these data can be challenging 
in some countries where facilities and knowledge is not 
currently available.

During this presentation, I will provide a snapshot of the field 
with an emphasis on the importance of capacity building 
and the need for an efficient communication strategy that 
would allow to drive the required changes at all levels of 
society to fully address the challenge of ocean acidification.

KEYNOTE – Wednesday, 3 July 
2019. POWA, 0945

Sustainable and Inclusive Blue Economy Paradigm: 
Developments at Global, Regional and National Level

V N ATTRI
Chair of the Indian Ocean Studies (CIOS) of the Indian 
Ocean Rim Association (IORA), University of Mauritius
Email: vn.attri@iora.int

“Sustainable Blue Economy Paradigm” – and its evolutionary 
process and origin goes back to 1950s and even earlier; 
but its emergence as a “Disciplinary Matrix” is a recent 
phenomenon, beginning in April 2010 with the publication 
of the book “The Blue Economy: 10 Years, 100 Innovations, 
100 Million Jobs” by Gunter Pauli in which he laid emphasis 
that a “Blue Economy business model” will shift society 
from scarcity to abundance “with what is locally available”, 
by tackling issues that cause environmental and related 
problems in new ways. In the book, he discussed twenty-
three principles of Blue Economy and establishes that 
nothing is waste in nature; and by focussing on research 
in Science- especially in Marine Science, the scarcity may 
be turned into abundance- and this leading to productivity 
growth and employment generation in the society. It will 
also pave the way for inclusive society including women 
economic empowerment. The period from March 2019 
to March 2023 is full of the conference at the global level- 
including United Nations high level conferences as well as 
conferences at continent and national levels with issues 
related with Sustainable Development which include: 
Fourth Session of the UN Environment Assembly (UNEA-
4) with a theme “Innovative Solutions for Environmental 
Challenges and Sustainable Consumption and Production”, 
11th– 15th March 2019, in Nairobi, Kenya. Prior to this, on 
26th– 28th November 2018, in Nairobi, Kenya, Sustainable 
Blue Economy Conference (SBEC) in which 184 countries 
and over 18,000 delegates participated, set the future 
agenda of Sustainable Blue Economy through the major 
outcomes such as the need to promote action-oriented 
global strategies that places people and the blue economy 
resources at the centre of Sustainable Development; 
promote collaboration for sustainable partnerships and 
projects in the various sectors of the blue economy; 
mobilize finance from the public and private sources, 
promote access to technologies and innovations, share the 
best practices, capacity building; promote gender equality, 
the role and participation of women and youth in the blue 
economy; strengthen science and research to generate and 
disseminate evidence-based knowledge and information 
as well as to inform policy and decision making; strengthen 
governance mechanisms; and promote synergies within 
and between different levels of governments.
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The keynote address will focus on the origin and evolution 
of Blue Economy, its conceptualization, definitions, 
principles; and its economic contribution to the global 
GDP and employment; the role of Marine Sciences as 
a key to promote Blue Economy; issues related with 
environmental protection; efforts undertaken by the 
United Nations; different international agencies and 
organisations such as The World Bank, World Wildlife 
Fund (WWF); and Food and Agricultural Organisation 
(FAO) and other regional economic groupings such as 
IORA, ASEAN, SADC, EU, OECS etc. in propounding and 
evolving Sustainability Principles; Ocean Governance as 
well as Blue Economy financing; major challenges of Blue 
Economy and their solutions and the contribution of the 
Blue Economy for promoting growth and employment 
at national, regional and global level; the inclusive Blue 
Economy; the governance of high seas, UNCLOS; Natural 
Capital Accounting Framework as well as Accounting 
Framework for estimating the contribution of Blue 
Economy to the Gross Domestic Product (GDP) of the 
developing economies, emerging economies as well as 
Small Island Developing States (SIDS) and Least Developed 
Countries (LDCs). The keynote address will also focus in 
assessing the overall potential of the Ocean Economy 
(OE) to contribute to Mauritius’ development, and 
identifying key sectoral and cross-cutting challenges to be 
overcome in order to seize that potential; and evaluating 
ways to ensure the OE’s longer-term sustainability. Thus, 
the keynote address will try to cover almost all the major 
opportunities as well as challenges and the way to solve 
the problems related to Sustainable Blue Economy.
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Mini-Symposium - Monday, LT1,  
1600 – 1740

Satellite Data for Coastal Risk Applications - 
building capacity in the South West Indian Ocean. 

DAVID COTTON, AMANI BECKER, HAJANIRINA 
RAZAFINDRAINIBE, ANDO RABEARISOA AND 
FIALHO NEHAMA
Satellite Oceanographic Consultants Ltd, UK 
National Oceanography Centre, UK and University of 
Liverpool, UK 
Centre Nationale de Recherches Oceanographiques, 
Madagascar 
Conservation International, Madagascar Clousa 
Maueua, Instituto Nacional de Hidrografia e Navegação 
(INAHINA), Maputo, Mozambique 
Escola Superior de Ciências Marinhas e Costeiras, 
Universidade Eduardo Mondlane, Quelimane, 
Mozambique (UEM) 

Email: d.cotton@satoc.eu
Brief description and Motivation of the topic 

It is well established that global sea level is increasing, 
and large-scale weather patterns are changing. However, 
even within the Indian Ocean, these changes are not 
geographically uniform or steady in time, with short-
term variability on a range of time scales. Countries 
in the South-Western Indian Ocean region have 
significant coastal populations whose lives and economic 
security are highly vulnerable to the consequences 
of climate variability and change. In addition, the area 
hosts internationally important marine ecosystems, 
also impacted by a changing marine climate. Access to 
enhanced regional information on coastal risk factors 
(sea level, wave and wind extremes) can allow the 
development and improvement of plans to protect coastal 
communities, maintain environments and safeguard 
economic activity. This information can also contribute to 
increased industrial and commercial competitiveness in 
the maritime sector, also heavily dependent on access to 
accurate oceanographic information. However, sustained 
sea level observations from tide gauges are sparse in 
this region, so scientists have adapted satellite data to 
address the information gap. This mini-symposium will 
bring together stakeholders and scientists to: review 
the state of the art (in terms of relevant satellite data 
information and processing tools); consider initial 
results from example Use Case applications; and discuss 
steps necessary to build a self-supporting regional 
network. This regional network will aim to build local 
capacity in the use of satellite data, providing scientific 
decision support for strategy development, governance 
and management of coastal areas to increase coastal 
resilience The C-RISe project currently brings together 
researchers from the UK, Mozambique, Madagascar and 
Mauritius, making connections within and beyond the 
Indian Ocean region. 

Expected Outputs 

The conveners will compile a WIOMSA workshop report 
on the mini-symposium, and prepare a position paper for 
submission to the WIO Journal of Marine Science entitled 
“Satellite Data for Coastal Risk Applications - Building 
Capacity in the South-West Indian Ocean”, which would 
provide a road map for developing a regional self-
supporting network for accessing and applying satellite 
data in coastal risk applications. 

Proposed Structure of Mini-Symposium 

1. Introduction to the mini-symposium: “Satellite Data 
for Coastal Risk Applications - building capacity in the 
South West Indian Ocean”. Overview and Objectives: 
Hajanirina Razafindrainibe, Centre Nationale de 
Recherches Oceanographiques, Madagascar 

2. Using satellite data to understand the impacts of 
a changing marine climate, (David Cotton, Satellite 
Oceanographic Consultants, UK) 

3. Building Capacity to access and process Satellite 
Data - (Angela Hibbert, National Oceanography 
Centre, UK) 

4. Application of Satellite data to coastal risk: 
Introduction to C-RISe Use Cases (Amani Becker, 
National Oceanography Centre, UK and University 
of Liverpool, UK) 

5. Use Case examples of applications of satellite data 
to Coastal Risk: 2 minute introductions to Posters 
(listed below) 

6. Introduction to discussion on next steps, improving 
decision-making and increasing impact (Sarah 
Clement, University of Liverpool) 

7. Discussion of necessary steps to build a regional 
network, potential sources of funding 

Mini-Symposium - Monday, G5,  
1600 – 1740

Conservation of biodiversity in Africa and AICHI 
biodiversity targets: AMPs by 2020, at least 10 
percent of coastal and marine areas, realistic 
target? 

GILBERT DAVID, MAGLOIR DÉSIRÉ MOUNGANGA 
AND FOUAD ABDOU RABI 
IRD, French Institute of research for sustainable 
development
Biography of the convener 

Dr. Gilbert David is marine and island geographer. Director 
of research at IRD, he leads a research team devoted to 
the integrated approach of Nature and Society. After a 
PhD at the University of Western Brittany on the fishing 
system and food security in Vanuatu (South Pacific), he 
joined IRD in 1991. He holds an Habilitation (HDR) in 
geography (Paris IV Sorbonne in 2005) on dynamics of 
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coastal social ecological systems in Pacific Islands and 
Western Indian Ocean. His research interests focus on 
viability and vulnerability of island States and Territories, 
marine protected areas, village fisheries, integrated 
coastal zone management in Pacific, Indian Ocean and 
Caribbean Islands. He was appointed as a member of the 
MASMA Program Committee in 2004. In 2009 G David 
was awarded as WIOMSA Fellow member. In 2018, he 
joined the WIOMSA cities and coast project committee. 

Description and motivation of the topic 

To achieve this key target of the CBD strategic plan for 
biodiversity (2011-2020) is very challengeable. But it 
is just a first step. According to a growing number of 
scientists and international conservation NGOs, MPAs 
need to be expanded to 30% of the ocean surface to 
reach the critical mass to both restore the natural 
environment and allow fishermen to have a renewable 
fishery resource. Due to both density of coastal uses 
and growing interest of nations for blue economy, this 
target will never be achieved in EEZ waters for all 
African countries. It requires also to establish MPAS in 
international waters. This type of MPAs should be mainly 
focused on sea mounts. Deep demersal species are very 
vulnerable to any intensive fishing as connectivity is very 
weak between seamounts. Establish large MPAs devoted 
to big pelagic fish will be quite less effective in terms of 
impacts on fish abundance and habitat recovery as tunas 
are highly mobile species. The establishment of MPAS 
in international waters raise on the front the question 
of governance. who’s watching fisheries? Who regulates 
fishing effort? Who punishes poachers? In national waters, 
governance is also a critical issue. To avoid that AMPs 
become paper parks, their governance should focus on 
the sustainability improvement, including environmental 
sustainability, financial sustainability, the sustainability of 
the MPA’s management team and social sustainability. 
This mini symposium will synthesize the current 
situation and issues at the world scale and will focus on 
two African examples. Firstly, Gabon on the west coast 
of Africa where MPAS will cover 27% of the EEZ by 2020. 
Secondly Comoros in WIO. This Small Island Developing 
State is carried out its national protected areas network 

Output 

The session will consist of 3 speakers, followed by a panel 
discussion that will provide the framework for session 
proceedings. The main output from the session would be: 
• Enhanced understanding of the marine protected 

areas issues both at the world and WIO scales 
• A new dialogue across Africa between MPAs 

managers 
• Gaps and barriers that hinder both the governance 

of MPAs in the WIO region and the role of MPAs in 
the regional ocean governance. 

Mini-Symposium - Monday, LT2,  
1600 – 1740

Program mini symposium “New Digital Technologies 
for Marine Biodiversity Data Handling in East 
Africa – Data Linking People” at the 11th WIOMSA 
scientific symposium 

HAUKE KEGLER, DAUDI MSANGAMENO, 
CHRISTOPHER MUHANDO AND HAUKE REUTER
Institute of Marine Sciences, Zanzibar, Tanzania
Leibniz Centre for Tropical Marine Research, Bremen, 
Germany 

Email: hauke.kegler@leibniz-zmt.de

Executive Summary 

Up-to-date, comprehensive and processed data on 
the status of marine biodiversity and resource use are 
critical, not only to identify biodiversity threats, but also 
to determine conservation priorities and to address 
increasing conflicts on space use in coastal environments. 
A further necessity is the rapid communication of data 
and processed information between relevant actors, such 
as governmental administration and research institutes. 
The overall objective of the presented initiative is to 
contribute to improved handling of biodiversity data in 
East Africa, which includes providing and assessing data as 
well as communicating data. A focus is on integrating data 
and raising the awareness and capacities for exchange 
of data building on the existing experiences. Thereby 
we envision to gather stakeholders involved in marine 
biodiversity data handling to a networking group, compile 
the most relevant data bases and assess the experience 
in sustainable data handling and sharing. Furthermore, a 
focus is on how new and innovative digital technologies 
can contribute to advanced integration of data from 
different sources and their overarching analysis. As an 
overall long-term outcome actors in the region will 
have an overview on experiences and lessons learned 
in applying new data technologies in East Africa and 
beyond. Capacities for data handling are strengthened 
and proposals for initiatives to implement new data 
technologies are developed. Policy-makers will be part 
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Time Topic Speaker

Rapporteurs:                      Facilitator: Gilbert David

4:00 - 4:30 Situational analysis of 
MPAs for achieving the 
Aichi targets and beyond

Dr Gilbert 
David

4.30 - 4.40 The key role of MPAs for 
EEZ governance: some 
hints from Gabon

Dr. Magloir 
Désiré 
Mounganga

4:40 – 5.00 Conservation of Marine 
biodiversity in Comoros 
and the emerging 
network of MPAs

Mr. Fouad 
Addou Rabi

5:00 - 5:40 Open Discussions



of this work to gain a better overview on new digital 
technologies, biodiversity data bases and can use the 
developed policy recommendations on improving the 
handling of marine biodiversity data for respective policy 
decisions. Thus, through the partnership project and the 
collaborative approach of scientist and policy-makers 
working together in the mini symposium, the project 
contributes to a more sustainable management of coastal 
biodiversity and resources in East Africa. 

Structure 

Our aim for the mini symposium is it to be as interactive 
as possible. Therefore only the first part will focus on 
max 3 impulse talks of best practice experiences and 
lessons learned from other initiatives as well as previous 
projects. The second, and longer part of the symposium 
will be a moderated workshop or discussion. To give our 
project a broad regional and inclusive scope we plan to 
get feedback from the participants on their approaches to 
data management, handling and sharing. One focal part to 
ensure a long-lasting strategy to handle marine biodiversity 
data in East Africa in that context is to include and engage a 
broad group of stakeholders from different background in a 
community of practice – a network designed to constantly 
exchange on current and best practices, new tools and 
approaches or lessons learned from previous attempts. 
Through that exchange policy makers, scientists and data 
managers can jointly develop long-lasting strategies towards 
a more sustainable gathering, processing, storing and sharing 
of data geared towards science-based political decision 
making. The first input from this community of the wider 
Western Indian Ocean will be collected at the envisioned 
symposium during the 11th WIOMSA scientific conference. 
Expected outcomes 

The main outcome of the symposium will be to retrieve 
the necessary information on how biodiversity data 
handling is conducted in the region and what the main 
needs are from the different actors involved. The input will 
contribute to a baseline report about biodiversity data 
handling practices, policies, needs and recommendations 
from the region, to be disseminated among interested 
parties. Following up, through the continuous work 
within the project and of the community of practice, 
will be fact sheets and recommendations about 
innovative digital tools for automated (environmental) 
monitoring biodiversity relevant data, digitization and 
big data approaches. Another long-term outcome is the 
establishment of a community of practice to foster an 
exchange on data management and sharing in the wider 
Western Indian Ocean region 

Symposium program 

1) Introduction: 
Introductory talk: The “Data linking People” project, the 
GIZ “MeerWissen” initiative and the case of Tanzania, Dr. 
Hauke Reuter, ZMT; Dr. Christopher Muhando, IMS; Dr. 
Hauke Kegler, ZMT – 20 min. 

2) Impulse talks: 
• Science to policy efforts in the region – Examples 

from the Nairobi Convention, Theuri Mwangi, 
Nairobi Convention – 15 min. 

• Data banks and data management initiatives, Dr. 
Nina Wambiji, OBIS – 15 min. 

• Fisheries data management in the Western Indian 
Ocean, Dr. Paul Tuda, ZMT – 15 min. 

• Tanzanian experiences on biodiversity data handling, 
Dr. Christopher Muhando, IMS – 15 min. 

3) Panel discussion: 
Session wrap-up and presentation of the Data linking 
people knowledge exchange platform, Dr. Hauke Reuter, 
ZMT; Dr. Christopher Muhando, IMS; Dr. Hauke Kegler, 
ZMT – 20 min. 

Mini-Symposium–Tuesday, G1, 
1600 – 1740
PEACC project - A synthesis of new Knowledge, 
Key achievements and Reflections for future 
interdisciplinary research in the WIO region 

ISSUFO HALO, SHIGALLA MAHONGO AND 
MARISOL GARCÍA-REYES 

Cape Peninsula University of Technology, Cape Town, 
South-Africa
Lake Victoria Fisheries Organization, Jinja, Uganda)
Farallon Institute, Petaluma, California, USA

Email;  haloissufo@gmail.com

Publication of manuscript(s) based on important results 
not submitted for publication in the PEACC special issue 
of the Western Indian Ocean Journal of Marine Science.

Mini-Symposium - Monday, G2,  
1600 – 1740

Blue Carbon in the Western Indian Ocean

JAMES KAIRO AND MARTIN GULLSTRÖM
Kenya Marine & Fisheries Research Institute
Stockholm & Gothenburg Universities, Sweden
Description and motivation of the topic 

Blue carbon refers to the carbon storage potential of 
vegetated coastal ecosystems, including tidal marshes, 
mangrove forests, and seagrass meadows. Although 
they occupy less than 0.5% of the world’s ocean surface 
area, these coastal ecosystems are estimated to bury 
nearly 70% of the carbon sequestered in the world 
oceans. When degraded, co-benefits provided by blue 
carbon ecosystems are greatly diminished along with 
the ecosystems’ capacity to sequester carbon. Nearly 
40% of blue carbon ecosystems in western Indian Ocean 
(WIO) region have been lost and degraded in the last 
four decades. Although most of the WIO countries 
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have emissions reduction strategies in their Nationally 
Determined Contribution (NDCs) to Paris Agreement, 
some of these strategies do not include blue carbon 
ecosystems, despite their high carbon sequestration 
rates and the multiple ecosystem services they provide. 
This means that countries are underestimating their 
contributions towards anthropogenic emissions, and that 
the carbon savings from measures to protect and restore 
blue carbon will not count towards meeting international 
climate change targets. Opportunities exist to promote 
integration of coastal ecosystems into existing national 
and regional policies on climate change. Currently, 
seven countries of the Nairobi Convention include blue 
carbon ecosystems in their climate change adaptations 
and mitigation actions. This side event will synthesize the 
current state of the information about the extent and 
condition of blue carbon ecosystems in WIO, challenges 
facing them, and information for their effective restoration 
and management. Work in the ensuing years has seen a 
vast improvement in the depth of information on blue 
carbon in WIO; thereby providing the basis for considering 
the reporting of carbon gains and losses associated with 
national reporting. However, integration of blue carbon 
into national inventories is still constrained procedurally 
and by institutional capacity. 

Highlighting the novelty of the topic 

In-depth blue carbon research is clearly lacking for the 
WIO region, with only a few studies estimating carbon 
stocks and effects of anthropogenic impacts on the carbon 
sequestration process. There are several key issues that 
remain unsolved for the region, such as sediment and 
carbon erosion, methane emission through blue carbon 
habitat degradation and loss, sedimentation rates and 
carbon storage efficiency, carbon sink and source fluxes 
in relation to organic carbon storage and calcification 
processes within blue carbon habitats, and predictions of 
climate change impacts on blue carbon habitats. Previous 
studies have, however, shown that the WIO region has a 
great potential as a carbon storage hotspot with high to 
moderate carbon storage in relation to global estimates. 
Over-exploitation of resources and conversion pressure 
is undermining carbon capture and storage ability of blue 
carbon ecosystem in WIO 
Themes for presentations and discussion 

1. Status of blue carbon assessments: protocols and 
previous surveys 

2. Restoration of degraded blue carbon habitats 
3. Linking blue carbon to national and regional policies 
4. Future research priorities 
5. Regional network 

Expected output 

The proposed symposium event aims to include a 
number of oral presentations followed by discussions, 
facilitating research collaborations and the expected 
output of this mini-symposium. The expected outputs 
from the session are to: 
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• Share information about status and trends of blue 
carbon ecosystems in the WIO region 

• Identify knowledge gaps and priority research areas 
of blue carbon ecosystems in the WIO region 

• Identify barriers that hinder mainstreaming of 
blue carbon in the national and regional climate 
change agenda 

• Discuss potential pathways for the development of 
a roadmap for blue carbon inclusion in the revised 
Nationally Determined Contributions (NDC) 
submitted to the United Nations Framework 
Convention on Climate Change (UNFCCC) 

• Develop a regional network of relevant groups of 
scientists, policy makers, etc., to facilitate a dialogue 
across sectors and among stakeholders concerned 
with blue carbon issues 

List of potential presenters 

Dr. Mwita Mangora, Institute of Marine Sciences, 
Zanzibar, Dar es Salaam, Tanzania 
Prof. Salomao Bandeira, University of Eduardo 
Mondlane, Maputo, Mozambique 
Gabriel Grimsditch, United Nations Environment, 
Nairobi, Kenya Julika Tribukait, WWF, Germany 
Dr. Martin Dahl, Stockholm University, Sweden 
Dr. Liberatus D. Lyimo, University of Dodoma, Dodoma, 
Tanzania 
Dr. Maria E. Asplund, University of Gothenburg, 
Kristineberg, Fiskebäckskil, Sweden 
Prof. Mats Björk, Stockholm University, Sweden

Mini-Symposium – Tuesday, G5,  
1600 – 1740

Facilitation of successful ecosystem restoration in 
the WIO Region: To plant or not to plant

JARED BOSIRE, JAMES KAIRO AND SALOMAO 
BANDEIRA

With 1-7% loss by area per year blue carbon ecosystems 
(i.e. mangroves, seagrass and salt marshes) are the most 
threatened natural ecosystems on earth experiencing 
the highest rate of degradation and with it loss of critical 
ecosystem goods and services. Although many restoration 
projects have been initiated to return the lost blue carbon 
ecosystems especially focusing on mangroves, only few 
successful examples exist. Causes of restoration failures 
ranges from poor species-site matching, lack of community 
participation, poor monitoring and lack of protocols to 
guide such projects. Through the regional UNEP’s WIOSAP 
project in collaboration with WIOMSA, Nairobi Convention 
has supported WIO countries in the development of 
regional restoration guidelines for mangroves and seagrass 
restoration. The Guidelines have been developed through 
a rigorous regional consultation process involving policy 
makers and experts leading to their official launch last week 
on 26th June 2019 during the Project Steering Committee 
(PSC) of the WIOSAP Project in Durban South Africa. 
The PSC approved the adoption of the Guideline for 



application within relevant restoration projects across the 
regional application, recommend testing of the Guideline 
in field settings across the region, recommend revision 
of the Guideline as appropriate after testing and also 
recommended domestication of the Guidelines at national 
level. The guidelines provide step-by-step procedures of 
planning, implementing, and monitoring restoration project. 
The two guides will be discussed during a Mini-Symposium 
on Facilitation of Successful Ecosystem Restoration in the 
WIO Region scheduled on 2nd of July. Participants will meet 
and discuss with authors of the documents and ecosystem 
restoration experts on the question of whether to plant or 
not to plant mangroves and seagrasses.

Format of the Session: 
1. Presentation on the process of developing the 

Guidelines: Dr. Jared Bosire 
2. WIO Mangrove Ecosystem Restoration Guideline: Dr. 

James Kairo 
3. WIO Seagrass Ecosystem Restoration Guideline: Prof 

Salomao Bandeira 
4. Panel discussion

Presenters: 
1. Dr. James Kairo: Chief Scientist, Kenya Marine and 

Fisheries Research Institute and 2019 PEW Fellow 
2. Prof Salomao Bandeira, Professor at Biology 

Department University of Eduardo Mondlane

Moderator: Dr. Jared Bosire, WIOSAP Project Manager, 
UNEP/Nairobi Convention

Mini-Symposium - Monday, G1,  
1600 – 1740
A socio-ecological approach to fisheries in estuarine 
systems of the Western Indian Ocean – identifying 
essential links for improved governance 

JOHAN GROENEVELD 

Email: jgroeneveld@ori.org.za

Biography of convener 

Johan Groeneveld is a senior marine scientist at the 
Oceanographic Research Institute (ORI) in Durban, South 
Africa, and an honorary Professor at the University of 
KwaZulu-Natal. He completed a PhD at the University of 
Cape Town in 2001, and has spent most of his professional 
career working on the impacts of fisheries on fish stocks and 
the marine environment in the Western Indian Ocean. He has 
participated in many collaborative projects in this region, as 
consultant, team member or principal investigator, and often 
as a mentor to post-graduate students and young scientists. 
Johan has published widely in international scientific journals, 
and is on the editorial boards of both Fisheries Research and 
the Western Indian Ocean Journal of Marine Science. He was 
an editor of the recent book “The RV Dr Fridtjof Nansen in 
the Western Indian Ocean: Voyages of marine research and 
capacity development”. Johan was the principal investigator 
of the MASMA-funded Estuarize-WIO project (2016-2018), 
which forms the basis for the mini-symposium proposed 

here. 
Description of mini-symposium topic 

Estuaries are critical habitats with high biological productivity, 
and they have long been focal points of human settlement 
in coastal East Africa. Resilient socio-ecological systems (SES) 
have evolved around them, with livelihood strategies and 
natural replenishment of ecosystems achieving a dynamic 
equilibrium. Estuaries and their associated SES are under 
increasing pressure from degradation, brought by disruption 
of freshwater flow (upstream abstraction), local exploitation 
patterns (increasing societal needs) and climate change 
effects. We used a multi-disciplinary, regionalized approach 
to investigate the nexus between estuaries (ecology and 
biophysical variability), livelihood strategies of nearby 
communities, and trends in smallscale fisheries, to infer the 
processes and feed-back systems that can maintain SES in a 
functional equilibrium. Estuarize-WIO focused on four typical 
estuarine systems covering a broad latitudinal gradient in 
the region: Bons Sinais in central Mozambique, Rufiji Delta 
and Ruvu River in Tanzania, and Tana River in Kenya. Open 
source satellite data were used to construct a time series of 
land cover. Livelihood activities and land-use were assessed 
from household surveys, and fisheries data were obtained 
from existing long-term fisheries datasets augmented by 
field sampling of catch composition. Socio-ecological models 
were constructed based on a participatory approach. Key 
hypotheses tested were that natural resource trends would 
be similar in estuaries across the region, and that pressures 
would elicit similar anthropogenic responses, irrespective 
of the geographical location, geomorphology, season or 
dominant exploitation patterns in the four estuaries. The mini-
symposium will comprise of 10 presentations (listed below) 
which will progress from an introduction to the conceptual 
framework, to case studies on individual estuaries, and to a 
regional synthesis of information to illustrate variability across 
estuaries in the WIO region. Two of the presentations will be 
by students supported by Estuarize-WIO. A final summary 
will highlight the key findings and recommendations from 
the mini-symposium. After the conclusion of the WIOMSA 
Symposium, the Estuarize-WIO mini-symposium theme and 
abstracts will be collated into manuscripts, and submitted to 
the Western Indian Ocean Journal of Marine Science as a 
Special Edition. 

Convener: JOHAN GROENEVELD
 
Chair: JOHAN GROENEVELD, JORGE SANTOS 

Session Structure: The session will comprise of 10 oral 
presentations, for which a total of 100 minutes are 
available. This speed-presentation method, proposed here, 
was tested at the 2017 Southern African Marine Science 
Symposium (SAMSS), and worked well. Each presentation 
will be allotted 9 minutes in a speed-presentation format 
(90 minutes in total). The remaining 10 minutes at the end 
of the session will be reserved for questions, which may be 
directed to any of the presenters, through the Chair. We 
expect that the mini-symposium will stimulate additional 
discussions, which can take place after the session. 
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Mini-Symposium – Tuesday, LT1,  
1600 – 1740
Communicating our Science to become better 
agents of change in marine conservation. 

JUDY MANN, DIANA DI NITTO AND KAROLIEN 
VAN PUYVELDE 
South African Association for Marine Biological Research

Vrije Universiteit Brussel, Brussels, Belgium
Email; jmann@saambr.org.za

Description 

At the 2015 WIOMSA Conference in South Africa a 
workshop on Science Communication was attended by 
over 40 delegates. Clearly there is a need to build the 
capacity of scientists in the WIOMSA community in science 
communication skills. This mini symposium on science 
communication will help to address this need. It will include 
- how to communicate research findings more effectively 
to resource users and managers and particularly how 
to influence policy. Despite a growing body of scientific 
knowledge regarding marine conservation, and the 
implementation of a wide range of marine policy frameworks, 
effective dialogue between scientists and policy makers 
remains a challenge. The gap between research and policy 
remains, as does the gap between scientific information 
and resource users and managers. In this symposium, we 
elaborate on how to facilitate an effective science-policy 
dialogue. As policymaking is rarely driven by evidence alone, 
we will reflect upon how scientists can convey scientific 
messages to policy-makers and beyond. We will also reflect 
on which mechanisms exist to improve the science literacy 
of policy-makers as they often struggle with issues such as 
the interpretation of scientific uncertainty. Science-policy 
interfaces exist in the WIO region. We will be presenting 
and critically assessing currently existing science-
policy forums; focusing on context-specific challenges 
encountered between scientists and policy-makers and 
how to overcome these. We will highlight the windows of 
opportunities for both scientists and policy-makers. This 
mini-symposium will be presented in sections – addressing 
the expressed needs of the community. Building on the 
foundations of communication and behaviour change 
knowledge, practical suggestions for improving science 
communication will be provided. 

Proposed Structure 
Introduction to Science Communication in the WIO 
Challenges to Science Communication in the WIO 
Region Overcoming the challenges 
• Key presentations - Policy-makers and scientists 

do(n’t) listen to each other, do(n’t) they? 
• Presentation plus live online polling: What kind of 

marine conservation change agent are you? The Msc 
in Oceans & Lakes experience. 

• Presentations 

Practical session and questions 

Wrap-up and way forwards 

Co-Presenters 

• Dr. Cosmas Munga (Technical University of 
Mombasa) 

• Dr. Mathias Igulu (WIOMSA) - Dr. Mohammed 
Omar Said (Kenya Wildlife Service)

• Dr. Anusha Rajkaran (University of the Western 
Cape) 

• Dr. Karolien Van Puyvelde (Vrije Universiteit Brussel) 
• Liesbeth Pinti (Vrije Univeristeit Brussel) 

Mini-Symposium – Tuesday, G2,  
1600 – 1740

Improving governance institutions, effectiveness, and 
fisheries restriction compliances in East Africa 

TIM MCCLANAHAN 
Wildlife Conservation Society, Global Marine Programs, 
Bronx, NY, USA, 10460 

Description 

Specific resource management proposals in East African 
have often been undermined by the complexity of 
perceptions of goals and their implementation capacity. 
The many failures and low compliance with projects are 
expected to arise from a poor coupling between project 
proposal decisions and human and governance capacities. 
In many cases resource users with few employment 
options are expected to either self-regulate or be 
managed by weak governance where fisheries support a 
mixture of stationary and non-stationary resources and 
users. This creates considerable opportunities for non-
compliance and failures when managing areas, protecting 
species, and fairly distributing ecosystem services. 
Nevertheless, some see marine protected areas as simple 
solutions to complex commons problems but the lack 
of support and failures arise from lack of capacity and 
failing to recognize the issues of decision-making, access, 
enforcement, social disparity, conflicts with neighbors, and 
scales of costs and benefits that arise when implementing 
area-based management. Nevertheless, there are 
cases of success where appropriate coupling between 
governance and management occur. Thus, a contextual 
or diagnostic approach may uncover governance capacity 
restriction linkages that can potentially promote desired 
management including protected areas. The purpose of 
workshop therefore, to evaluate and further develop 
a diagnostic approach to fisheries management in this 
region. perceptions and potential linkages between 
governance effectiveness and fisheries restrictions in 
coastal artisanal fisheries. We will explore if there are 
relationships between specific metrics of governance 
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effectiveness and specific restrictions. Specifically, we 
consider 10 metrics of governance effectiveness, how 
would they couple in terms of the benefits of the six 
management restrictions? The 10 governance principles 
evaluated included: 1) group identity, 2) proportional 
cost and benefit, 3) consensus decision making process, 
4) monitoring of the three resources-resource users, 
5) monitoring of the three resources fisheries and 6) 
monitoring of the three resources ecology, 7) graduated 
sanctions, 8) fast and fair conflict resolution of group 
members, 9) between neighboring groups, and 10) local 
autonomy. After describing these institutions and some 
of the regional findings of the convener, the group will 
consider priorities for proposed projects in the region 
and how best to achieve them through collaborative 
problem-solving programs. Participants will be asked to 
consider the case studies they know best and to scale 
the institutions by their effectiveness and to consider 
priorities and realistic means to improve them. The 
program will conclude with recommendations for 
building governance institutions. 

Schedule 

16:00 16:30 – Tim McClanahan summary of governance 
concepts and case studies. 

16:30-17:10 – Discussion of governance concepts and 
status in the region from participant 
case studies 

17:10-17:30 – Group associations with case studies 
and filling questionnaire on governance 
effectiveness for specific case studies 

15:30-15:40  – Conclusions on questionnaire and 
recommendations
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Mini-Symposium – Tuesday, LT2,  
1600 – 1740

Mini-Symposium: Towards Zero Plastics to the Seas 
of the Western Indian Ocean 

TONY RIBBINK, LINDA GODFREY AND PETER 
MANYARA

Africa is generating so much plastic waste that it 
unable to effectively manage it and stop it entering the 
seas. There are several costs to this; firstly, the loss of 
the valuable plastic to the sea which could be used in 
economic enterprises and secondly the costs of damage 
to the health of the environment, people and economies. 
Collectively plastic pollution costs us billions of dollars 
per annum. We need a multi-pronged approach to 
turn the costs into benefits. Join the discussions on 
formulating ways to stop plastic waste leaving the human 
environment where it can be managed and entering the 
natural environment where management is challenging 
and costly. 

The schedule of activities will be: 

15 minutes:
Dr Tony Ribbink, Sustainable Seas Trust: “Setting the 
scene as we work towards zero plastics to the seas of 
the Western Indian Ocean countries”. 

15 minutes: 
Prof. Linda Godfrey, CSIR, South Africa, “Waste 
management Outlook for the Western Indian Ocean 
countries”. 

15 minutes: 
Dr Peter Manyara, IUCN (MARPLASTICCs): 
“Opportunities for the people of the Western Indian 
Ocean”. 

30 minutes: 
Open discussion and contributions through a structured 
approach to outline a strategy and call to action. 

10 minutes: Summary 
5 minutes: Conclusion and resolution



SPECIAL SESSIONS

5 July 2019
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Gathering Experiences of Octopus Closures in the 
WIO: Towards a Synthesis of Actors, Interactions 
and Outcomes 

Conveners: The OctoPINTS project (http://octopints.
wordpress.com/). EMILIE LINDKVIST, LIZ DRURY 
O’NEILL, ROSEMARIE MWAIPOPO, ANDREW 
WAMUKOTA, TIM DAW, MAJA SCHLÜTER & 
LORNA SLADE

Email: lindkvist@su.se

Session background and objectives: 

Periodic octopus closures are increasingly implemented 
across the Western Indian Ocean (WIO) region. In 
only ten years after pilots in 2004, this intervention has 
been replicated more than 200 times. These closures 
are of particular interest to fishery researchers and 
managers as they are locally led, can act as catalysts for 
co-management, and directly engage gender dynamics. 
Whether a closure is perceived as successful, depends 
on the diverse expectations and interests of different 
stakeholders, including managers, conservationists, fishers, 
local communities, exporters and traders. The OctoPINTS 
project aims to collaboratively understand and make 
sense of short- and long term outcomes of octopus 
closures, and why they occur by collating experiences 
of octopus closures, and synthesising knowledge of how 
they best can contribute to sustainable and equitable 
outcomes. We do this by combining expert knowledge 
and participatory empirical research with agent-based 
modelling to understand the mechanisms and processes 
at play. The objectives of this special session are to provide 
a facilitated space to discuss the following questions: 

Q1. What defines successful outcomes (e.g., sustainable 
food production, increased income, a healthier 
environment, addressing gendered power-
relationships, improved community cohesion and 
human wellbeing) in the context of octopus closures 
according to different stakeholders? 

Q2: Why have particular outcomes emerged in different 
cases? What processes have occurred (e.g., poaching, 
changes in livelihoods, investments) and what factors 
(e.g. external support, societal cohesion, gendered 
roles, geographical remoteness) seem to determine 
outcomes? Are there common patterns between 
these cases, or do the outcomes depend on the 
context and history of particular sites? 

Q3: What are the most urgent questions and issues in 
octopus closures for research and management? 

Target audience: Actors that are working with or 
interested to learn from the implementations and 
outcomes of octopus closures as fishery interventions. 
We will invite representatives from e.g., Blue Ventures, 
WWF, Mozambique, ZSL OSOL, OIKOS PESCA project, 
CORDIO East Africa, MSC, Relevant WIO Fishery 
Departments/Directorates/Commissions,kmFRI, SmartFish, 
Indian Ocean Commission.

Session outcomes: Through the session process 
we will provide a structured cross-case analysis of key 
variables, processes and outcomes for octopus closures. 
We aim to generate the following outcomes: 
1. A session report to be shared with WIOMSA, 

and beyond through email, blog posts and 
other social media channels, which synthesizes 
participants’ perspectives and knowledge of 1) 
what defines success of octopus closures. 2) the 
key actors, dynamics, and interactions that explain 
outcomes in octopus closures 3) the research 
frontiers of octopus closures.

2. Reconnect actors working on periodic closures 
in the WIO. Building off the 2014 initiatives 
“Smartfish Regional Symposium on Octopus 
Fisheries Management” and “Scaling success in 
octopus fisheries management in the WIO” and to 
contribute to future networking initiatives. 

3. An informed future research path for the 
OctoPINTS project and convening of partner 
organisations interested to collaborate with the 
project over the next three years.

Special Session Structure: Operational session goal: 
To harvest stories and narratives of octopus closure 
experiences in different contexts and settings building 
a timeline of factors and their interactions from pre-
closure, into the closure, and identify outcomes of 
closures, and to discuss research frontiers with regards 
to periodic octopus closures.

The EAF-Nansen Programme: Research 
contributions in the Indian Ocean in support 
of regional and global policy and management 
processes

Convener: FAO/EAF-NANSEN

The EAF-Nansen Programme is a collaboration between 
the Food and Agriculture Organization of the United 
Nations (FAO), the Norwegian Agency for Development 
Cooperation (Norad) and the Institute of Marine 
Research (IMR) of Bergen, Norway. 

Programme represents the most recent phase of the long-
lasting “Nansen Programme” that started its activities 
in the Indian Ocean in 1975 through surveys with the 
research vessel Dr Fridtjof Nansen. In 2018, an extensive 
survey programme was implemented in the Indian Ocean, 
and cruises were conducted with the RV Dr Fridtjof 
Nansen in the waters of five countries of the Western 
Indian Ocean and four countries in the Bay of Bengal, as 
well as in areas beyond national jurisdiction. Overall, 247 
participants from coastal countries of the Indian Ocean 
took part in the surveys and a substantial amount of data 
and samples were collected contributing to studies of 
physical, chemical and biological oceanography, pelagic and 
demersal living resources, bottom habitats, sea mammals 
and seabirds. The Programme represents the most recent 
phase of the long-lasting “Nansen Programme” that 
started its activities in the Indian Ocean in 1975 through 
surveys with the research vessel Dr Fridtjof Nansen. In 
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2018, an extensive survey programme was implemented 
in the Indian Ocean, and cruises were conducted with the 
RV Dr Fridtjof Nansen in the waters of five countries of 
the Western Indian Ocean and four countries in the Bay 
of Bengal, as well as in areas beyond national jurisdiction. 
Samples were also collected for assessing occurrence 
of microplastics and marine debris, and for analyzing 
marketable species for substances affecting food safety. 
The rationale for the survey programme is described in 
the EAF-Nansen Science Plan (http:// www.fao.org/in-
action/eaf-nansen/programmeoutcome/science/en/).

Session objective and expected outputs
The objectives of the special session are as follows:
• Present and discuss results from the surveys in the 

Western Indian Ocean in 2018
• Present and discuss preliminary results from 

research projects identified in post survey meetings. 
• Discuss and provide guidance on the way forward 

for the main research projects identified and 
suggest revisions as necessary. 

• Suggest new research ideas and relevant partners 
• Discuss policy and management relevance of the 

results, and priorities for future work. 
Target audience 
• Scientists who are already part of EAF-Nansen 

Programme research activities identified as follow-
up to the surveys.

• Interested WIOMSA Symposium participants.
The session will also be of interest to:
• Scientists from the Western Indian Ocean Countries 
• Relevant non-governmental organizations (NGOs) 

supporting improved fisheries research and 
management and improved ocean governance. 

• Stakeholders from governments and regional 
intergovernmental organizations (IGOs).

Tentative session programme
The special session on the EAF-Nansen Programme will 
include three main sessions, of which the second session on 
research results will cover three thematic themes. An overall 
moderator and thematic theme moderators will lead this 
special session. The three main sessions are as follows: 
1. Setting the scene: The EAF-Nansen Programme 

research: Opportunities, thematic priorities and 
policy and management relevance. 

2. Results of 2018 Western Indian Ocean 
investigations and their contributions to EAF-
Nansen science themes 

I. Living resources, physical and chemical 
oceanography, climate (Themes 1-4 and 
9-10) 

II. Bottom Habitats and benthic biodiversity 
(Themes 4, 5 and 7) 

III. Pollution (Themes 5, 6 and 8)
3. Final discussions 

Relevance of findings, guidance on the way forward for 
the main research projects identified, key gaps etc.
Cascading the GEBCO Seabed 2030 project 

towards a Regional Collaboration and Coordination 
Approach to build a Bathymetric Map for the WIO 
Region

Conveners: GEBCO-NIPPON FOUNDATION 
ALUMNI

Background:

Detailed seabed maps provide important observational 
information about the shape of the seafloor, and are important 
for ocean modeling, geohazard assessment, biodiversity and 
habitat studies, establishment of marine protected areas and 
many other multidisciplinary and interdisciplinary topics. 
Like most of the global ocean, the Indian Ocean is poorly 
surveyed, and information about existing bathymetric 
data is scarce. The session organized here aims to identify 
mechanisms for collaboration to increase the bathymetry 
coverage of the Indian Ocean Seafloor. Seabed 2030 is a 
collaborative project between The Nippon Foundation and 
GEBCO to inspire the complete mapping of the world’s 
ocean by 2030 and to compile all bathymetric data into 
the freely-available GEBCO bathymetric map. It is a global 
call to action for ocean mappers, hydrographers, scientists, 
industry, state departments and the public to work together 
to assemble existing bathymetric data and to coordinate 
new mapping expeditions to ‘map the gaps’ in our 
knowledge of the seafloor. The resulting GEBCO products 
will benefit researchers, governments, and the public as 
governments promote their own blue economies, manage 
resources, and confront coastal environmental issues. The 
Nippon Foundation / GEBCO Training Program in Ocean 
Mapping at the University of New Hampshire has already 
made significant investment in training a new generation of 
ocean scientists and hydrographers from all over the world, 
including within the WIO Region. This session is being 
organized by Alumni of the Training Program who wish 
to spur collaborations and exchange within the scientific 
community in the Indian Ocean and promote the collection 
of new bathymetry data.

Objectives: 

• Understand the Status of Bathymetry Mapping in 
the WIO Region 

• Identify gaps and needs in the WIO region in terms 
of bathymetric data 

• Organize the community of stakeholders - both 
potential data contributors and data consumers 

• Advancing the status of knowledge of the seafloor 
bathymetry in the Western Indian Ocean region 

• Identify starting point/strategies for WIO scientific 
communities to contribute to the Seabed 2030 Project 

• Define outreach objectives to raise awareness of 
Seabed 2030 and the importance of ocean mapping 
in WIO region

Expected outputs: 

The session will provide an overview of the current 
status of bathymetry mapping in the WIO and the greater 
Indian Ocean, define the gaps, promote and assess 
community interests and needs for creating seafloor 
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maps in the region, foster collaboration and identify 
potential sources of bathymetric data (both existing and 
not yet acquired) within the Indian Ocean. 
• Identify a proposed structure and communication 

mechanisms to ensure inclusion and participation of 
all stakeholders that are interested in the project 

• Identify needs and opportunities for the Region 
in terms of data, skills and collaboration towards 
achievement of Seabed 2030 project 

• Identify leading organizations and individuals in the 
area to initiate a regional network of collaborators 
for Seabed 2030

Targeted audience: 

The session is open for participation by all interested 
attendees of the WIOMSA Symposium. It is targeted 
specifically at professionals involved in coastal surveys and 
coastal planning and management as well as specialist and 
researchers that are involved in habitat mapping, physical 
oceanography and offshore management and exploration. 

Workshop design: 

The workshop will provide an introduction to the 
session’s objectives and Seabed 2030. Exchange of 
ideas and experiences will help to identify the strategy 
for efficient future collaborations. A report of the 
main decisions and results will be disseminated to the 
attendees.

MeerWissen – African-German Partners for Ocean 
Knowledge: Building capacities for knowledge-
based policy making in the WIO Region”

Convener: GIZ 

Background: 

In order to conserve marine and coastal ecosystems more 
effectively, we need clear and feasible policies based on 
scientific knowledge. Marine sciences play a key role in 
underpinning knowledge-based decision-making for marine 
conservation policies in today’s world. To increase our 
knowledge about the oceans, it is crucial to establish strong 
links among marine researchers on the one hand, and 
between researchers and policy-making bodies on the other. 
The MeerWissen Initiative supports partnerships between 
marine research institutions in Africa and Germany that 
work at the science-policy interface. The goal is to jointly 
align research with national and regional policy agendas and 
the needs of decision-makers and to produce outputs and 
cooperation formats that support decisionmakers.
Objectives of the session: 
• Inform about and discuss the MeerWissen initiative 

and approach 
• Engage stakeholders and bring their knowledge into 

MeerWissen projects 
• Discuss how to design and communicate scientific 

outputs 
• Share expectations towards and modalities for 

science-policy engagement in the regional science-
policy platform 

• Networking and knowledge exchange, particularly 

around the science to policy process 
• Compilation of best practice examples of the science 

to policy process

Approach: 

The MeerWissen projects will be used as the basis for the 
special session, and provide concrete examples on which 
discussions on knowledge-based decision making can build. 
Individuals and organisations with experience in the science 
to policy space will be specifically invited to contribute to 
the session. The session is held in 3 sequences: 
1. In the morning MeerWissen and its projects aim for 

stakeholder engagement and knowledge exchange 
2. At midday, the MeerWissen partners and experts from 

the science to policy space share expectations on how 
to address regional policy processes 

3. In the afternoon session participants explore the role 
of scientists in policy advice 

Expected Outputs: 

The main outputs from the session are expected to 
include greater integration of the MeerWissen initiative 
into other processes in the WIO, and compilation of best 
practice examples on science to policy interactions from 
the WIO, as well as internationally. Documentation of 
these examples has not previously occurred, and these 
discussions may contribute to future engagements on 
science-to-policy in the marine and coastal space, such as 
the upcoming Marine Regions Forum to be held in Berlin, 
Germany in September 2019.

Targeted audience: 

Special invited guests, and Symposium participants 
comprising scientists, decision-makers and practitioners 
interested in engaging in an interactive session.

The four MeerWissen projects that will be involved in 
this session are:
1. New Digital Technologies for Marine Biodiversity 

Data Handling in East Africa - Data linking people 
(NDiTEA) Objective: Contribute to improved 
handling of biodiversity data in East Africa: Including 
providing, assessing data as well as integrating, 
analyzing and communicating data. Partners: Leibniz 
Center for Tropical Marine Research (ZMT); 
Institute of Marine Sciences (IMS) in Zanzibar, 
Tanzania; Region: WIO Region / Tanzania 

2. West Indian Ocean Governance & Exchange 
Network” (WIOGEN) Objective: Support policy 
advice through setting up a network on ocean 
governance and capacity building for young scientists. 
Partners: Leibniz Center for Tropical Marine Research 
(ZMT); International Ocean Institute (IOI) South 
Africa; Region: WIO Region 

3. CoastWise: Improving knowledge for integrated marine 
and coastal management in South Africa Objective: 
improve the integrated assessment of South Africa’s 
land-sea interface to enhance the knowledge base 
for informed decision-making. Partners: Helmholtz-
Zentrum Geesthacht (HZG); South African National 
Biodiversity Institute (SANBI), Institute for Coastal and 
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Marine Research (CMR) of Nelson Mandela University 
(NMU), Council for Scientific and Industrial Research 
(CSIR); Region: South Africa

4. Regional strategy for fishery data collection (FIDEA) 
Objective: Improve fisheries data monitoring by 
establishing a regional strategy for the collection of 
small fishery data; Partner: Leibniz Center for Tropical 
Marine Research (ZMT); Tanzania Fisheries Research 
Institute (TAFIRI); Institute of Marine Sciences 
(IMS); National Institute of Fisheries Research (IIP, 
Mozambique); Region: Tanzania, Zanzibar Mozambique

Presenting two new documentary films on Marine 
Conservation and People’s Rights in South Africa 
and Tanzania

Convener: IAN BRYCESON

In this Special Session, we shall show and discuss two 
new films: “Born on the Rocks” by Ella-Kari Muhl, on 
Tsitsikamma Marine Protected Area, South Africa; “Tropical 
Marine Biodiversity and People’s Rights” by Ian Bryceson, 
about marine conservation and tourism in Tanzania.

In both films, coastal villagers and their elected leaders 
explain their own perspectives. These films recognise the 
ecological and social importance of marine conservation 
and the potential benefits of tourism, but they also show 
research results, which elucidate how some instances 
of marine conservation and tourism have had serious 
negative impacts on the livelihoods and rights of coastal 
communities. Conservation and tourism interventions 
sometimes exclude coastal peoples from their traditional 
areas, dispossess them of their landscapes and seascapes, 
and prevent them from utilising their natural resources, 
which are essential for their livelihoods. Some serious cases 
of violations of human rights are also illuminated. Both 
negative and positive examples of marine conservation 
and tourism in South Africa and Tanzania are presented, 
in the hope that useful lessons can be learned, which 
may hopefully contribute towards raising awareness and 
influencing policy and practices of marine conservation 
and tourism, towards more sustainable options with 
genuine recognition of coastal people’s rights. The goals of 
marine conservation and tourism development need to be 
pursued with fundamental recognition of, and coherence 
with, the principles of social justice, genuine freedom and 
sustainable development. With this special session, we hope 
to encourage researchers (both young and old) to make 
video documentaries from their research, and especially 
to involve coastal communities to freely express their 
own views. The hardware and software for film-making 
is becoming more affordable, the film media is steadily of 
higher quality, and the editing software is progressively 
more user-friendly. Moreover, video is becoming increasingly 
effective as a medium of communication and dissemination 
through open-access internet, with growing accessibility 
to reach wider audiences throughout the Western Indian 
Ocean region and even world-wide.

Programme:  
• Introduction (5 minutes) 
• Born on the Rocks” (10 minutes) 
• Comments by Moenieba Isaacs (10 minutes) 
• Discussion of first film (15 minutes) 
• “Tropical Marine Biodiversity and People’s Rights” (48 

minutes) 
• Comments by Narriman Jiddawi (10 minutes) 
• Discussion of second film (15 minutes) 
• Discussion about film-making in relation to research 

dissemination in the WIO (10 minutes).

Identifying the potential for multidisciplinary and 
multi-institutional collaborations in ocean modelling 
initiatives in the SWIO region 

Conveners: JENNIFER VEITCH, ARSHAD RAWAT, 
ISSUFO HALO, TUMELO MATHE & JULIET HERMES

Email; jenny@saeon.ac.za

Background 

Over the last decade, the strategic landscape around marine 
research and development has changed considerably, 
moving towards a focus on the provision of high-value 
and actionable information in support of a sustainable 
blue economy as highlighted in the UN’s Sustainable 
Development Goals. The SWIO continues to be a particular 
challenge, given that it hosts one of the worlds 4 most 
energetic boundary currents, namely the Agulhas current. 
Observations in this region are extremely costly and often 
difficult to attain given the extreme ocean conditions as 
well as security concerns, particularly in the Somali Current 
region. Models have thus filled the gap. Various numerical 
model approaches have been used to simulate parts of the 
SWIO region with the objective of understanding its impact 
on climate, ecosystems, ocean-atmosphere interactions and 
associated socio-economic ramifications. Given the increase 
in computational power, numerical models are improving in 
their abilities to resolve meso- and sub mesoscale features 
(from the order of a few hundred metres to a few hundred 
kilometers) at the regional and, in some cases, global level. 
When such models are enhanced with data assimilation, 
they become powerful tools in contributing to accurate 
forecasting and operational oceanography, which can be 
used for a number of social and economic purposes. The 
countries bordering the SWIO rely heavily on fishing and 
the coastal/shelf seas consists of high biodiversity and large 
numbers of protective species. There is a large offshore tuna 
industry and oil and gas developments are growing swiftly. 
Yet there are limited observations and little interaction 
between the those working with physical data (i.e. direct 
observations and satellite data) and modelling activities. 
The aim of this special session is to forge multi-disciplinary 
and multi-institutional collaborations as well as to identify 
ways in which models (existing and future) can be used to 
augment research and operational observing systems in 
the SWIO region. The results and potential applications of 
various models that have been developed within and for 
the SWIO region, from basin-scale to high-resolution bay-
scale and operational simulations will be showcased. Novel 
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results and new scientific knowledge derived from these 
models will be highlighted; the intention being to provide a 
platform at which researchers and particularly early career 
scientists from various disciplines have the chance to 
interact with regard to the potential benefits and challenges 
of using numerical model output in their fields. Given the 
current concerns on the sustainable use of ocean resources, 
as outlined in the United Nations Sustainable Development 
Goal 14, we are obliged as marine scientists to stand up for 
the conservation of the ocean by working toward a holistic 
and cross disciplinary solution. 

Objectives 

1. To create a ‘hub’ of SWIO ocean modelling expertise 
by showcasing local ocean modelling developments 
and their applications, or potential applications, as 
well as to identify challenges and to explore solutions 
and avenues for collaboration.

2. To compile and document all models being developed 
in the SWIO region, including contact details of 
developers. As well as to identify sources of in situ 
data that can be used for model evaluation. 

3. To identify the needs of potential stakeholders/users 
(e.g. fisheries research and management, search and 
rescue, the oil and gas industry etc..) 

Target audience 

This special session is intended to bring together ocean 
modellers and users of the oceanographic information 
they produce: fisheries biologists, social scientists, coastal 
managers and policymakers, etc. Oceanographers who 
use and have access to observational data are also 
invited as their insights will be beneficial to the modelling 
community. The special session is aimed at facilitating 
interactions between early career scientists. 

Seagrass ecosystem services in the Western Indian 
Ocean 
Conveners: JOHAN HOLLANDER,  
BLANDINA LUGENDO & MARTIN GULLSTRÖM 

Brief background 

Seagrasses are marine vascular plants that have adapted to 
a life in the sea. Historically less research has focused on the 
ecology and physiology of seagrasses compared to coral 
reefs and mangroves. Lately, however, this view has changed 
remarkable, and today, seagrasses have become one of 
the most discussed and noticeable ecological systems 
in the marine realm. Much of this change steams from 
climate change research, where it has been apparent that 
seagrass meadows possess a plethora of multifunctional 
ecosystem services. Today this has been acknowledged 
and numerous seagrass projects that are focusing on 
ecosystem services are currently operating in Europe, 
North America, Australia, the Persian Gulf (in relation to 
manatees) and Western Indian Ocean. This is also evident 
by the great amount of funding that is currently allocated 
to this research field. Seagrass meadows provide a suite 
of ecosystem-based services that are of great importance 
for human welfare. Not only are seagrass meadows 

functioning as habitat and nurseries for many valuable 
commercial fish species but have proved to be particularly 
efficient carbon sinks, as well as for coastal management. 
Seagrass management as an ecosystem adaptation can 
facilitate biodiversity and protect infrastructure, in 
line to achieve the Sustainable Development Goals of 
Infrastructure (SDG 9) and Life below water (SDG 14), 
and to the Sustainable Development Goal Climate action 
(SDG 13). The impact of this mini-symposia will come from 
the opportunity to assembly and integrate researchers 
within seagrass ecology from various research avenues, 
which otherwise do not interact. Our aim is to promote 
new collaboration opportunities, not only for the future, 
but between ongoing projects in the region. 

Mini-symposium structure 

The event will include a number of talks followed by a 
panel discussion. 

Expected outputs 

The output will not only include discussions, but it will 
be exceptionally valuable to provide net-working among 
researchers from other labs to exchange experience, 
nurturing collaborations, but also to structure the research 
environment in the WIO region by avoiding overlapping 
research directions. 

Assessing cumulative environmental impact for 
Marine Spatial Planning in the Indian Ocean

Conveners: JONAS PÅLSSON, DUNCAN HUME, 
ANNA SZEGVARI MAS, RAISSA MOUROUMAN-
MOUROUVEYA, YUSSUF SAID YUSSUF,  &  
SYLVAIN POULAIN

Email: jonas.palsson@havochvatten.se
Background 

Many countries in the Indian Ocean are currently 
developing their Marine Spatial Plans. These countries 
share the same need for decision support tools as any 
other. As part of the Government of Sweden’s outreach 
and commitment to knowledge transfer under the 
Sustainable Development Goals, the Swedish Agency for 
Marine and Water Management (SwAM) is looking to assist 
the Marine Spatial Planning (MSP) processes in interested 
Indian Ocean countries. SwAM is responsible to develop 
the Swedish Marine Spatial Plan. In order to better assess 
the cumulative environmental impact in Swedish waters, 
SwAM developed Symphony. Symphony is a hands-on way 
to quantitively assess cumulative environmental impact of 
human pressures on ecosystem components. Symphony 
consists of 32 ecosystem components and 41 pressures 
from human activities for Sweden. These are connected by 
a sensitivity matrix which describes how each ecosystem 
component is impacted by each pressure. Planners 
are thus informed of the baseline conditions, as well as 
the potential effect of various planning options on the 
cumulative environmental impact in all planning areas
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Aim 

The aim of this workshop is to understand what data 
deficiencies exists and what temporal and geographic 
resolution is needed for data related to Marine Spatial 
Planning in the Indian Ocean Region. This will be 
achieved through a needs assessment for cumulative 
impact assessment and data. 2/3 SwAM will use this 
information to focus the agency’s work in the Indian 
Ocean, as part of SwAM’s Global Programme (SwAM 
Ocean). The information will also be summarised in a 
report, to be shared with WIOMSA and the Nairobi 
Convention. As a first step, SwAM plans to trial 
Symphony in the Indian Ocean. By learning how robust 
Symphony is in foreign contexts, SwAM will refine 
the model. An additional benefit will be to foster MSP 
collaboration in the Indian Ocean for SwAM Ocean.

Target Audience 

• MSP practitioners 
• Ecosystem experts 
• Human pressure experts

Data collection and/or demonstration (4 July) 
Drone mapping of a smaller marine area. Images will be 
used to highlight how data for Marine Spatial Planning 
and Cumulative Environmental Impact Assessment can 
be collected.
Expected outputs 

Report on data needs, availability, and active organisations 
in the Indian Ocean. Collaboration with one or more 
organisations in the Indian Ocean on developing 
Symphony for cumulative environmental impact 
assessment. Conceptual model of data needs for MSP 
for the Indian Ocean.

Proposal for a special session: WIO Marine Turtle 
network

Conveners: LINDSEY WEST

Background 

The WIO region hosts five species of marine turtle (green, 
hawksbill, leatherback, loggerhead and olive ridley) and 
multiple life stages of each species (reproductive (mature 
adults and eggs), juvenile, sub-adults and adults) are 
represented. Marine turtles are highly migratory and move 
across multiple national jurisdictions during their different 
life history stages. Marine turtles in the WIO region face 
a multitude of threats including unsustainable exploitation 
for meat and eggs; destruction of nesting beaches and 
feeding habitats; incidental mortality in fishing operations 
(‘by-catch’); climate change, marine pollution (especially 
plastic); abandoned fishing nets (‘ghost nets’), inappropriate 
beach management strategies, and natural predation. To 
address these threats, ten of the eleven Western Indian 
Ocean countries (exception of Somalia) have initiated 
significant efforts to conserve and protect marine turtles 
and their biodiversity-rich habitats by formally adopting 
and implementing the Indian Ocean South East Asia Marine 

Turtle Memorandum of Understanding (IOSEA MoU) and 
its integral Conservation and Management Plan (CMP). 
Due to the highly migratory nature of marine turtles, 
strong cooperation among States in the WIO region is 
crucial for the effective implementation of thecmP. 

Session objectives 

The special session will consist of both morning and 
afternoon sessions. The morning session will be open to 
all participants of the 11th WIOMSA Symposium with an 
interest in marine turtles and their habitats.
 
Specific objectives of the open session: 

1. Share updates on current marine turtle research 
and monitoring programmes, conservation and 
management initiatives and key emerging threats in 
the region. 

2. Identify opportunities for future collaboration 
incorporating multi-disciplinary approaches. 

3. Identify effective communications tools for sharing 
marine turtle information and emerging issues in 
the WIO region. The afternoon session will be a 
closed meeting of the WIO Marine Turtle Task Force 
(WIOMTTF). The WIO-MTTF was established 
as a scientific and technical advisory committee 
to governments in the WIO region under two 
international instruments (the IOSEA Marine Turtle 
MoU and the Nairobi Convention). The WIO-MTTF 
thus provides technical support to governments in a 
regional context, through the collection and review 
of scientific information on marine turtles and their 
habitats. Since its creation in 2008, the WIO MTTF 
has held seven meetings and workshops, leading to 
significant progress in the region. 

Specific objectives of the WIO MTTF meeting: 

1. Evaluate progress towards the implementation of 
thecmP in each country. 

2. Identify priority activities for the WIO region for 
the next triennium in preparation for the 8th 
meeting of Signatory States to the IOSEA MoU (to 
be held in late 2019).  

3. Review process for selecting candidates for the 
new chair of the WIO MTTF. 

4. Identify strategies to improve coordination and 
cooperation with IOSEA and Nairobi Convention 
Secretariats. 

5. Identify strategies to better align marine turtle 
conservation and management in the WIO region 
with international instruments e.g. CITES, RAMSAR. 

Expected outputs 

A required output for both sessions will be a report 
detailing the main conclusions and discussion points 
together with an action plan of agreed priorities with 
associated timelines. The report of the open session will 
be used as a communication document and as a guideline 
to prioritize future marine turtle conservation and 
management actions in the WIO region. The report of 
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the WIO MTTF meeting will serve as a formal document 
to represent the priorities and proposed actions of the 
WIO region at the forthcoming meeting of Signatory 
States to the IOSEA MoU. 

Target audience 

The target audience for the open session is scientists, 
academics, coastal practitioners, decision makers, 
researchers and students. Importantly, the audience will 
include representatives of both the WIO MTTF and IUCN 
Marine Turtle Specialist Group who are considered to be 
regional technical experts. Their contributions will help 
to strengthen knowledge and capacity of participants 
that are new to marine turtle research, conservation and 
management in the region. The target audience for the 
WIO MTTF meeting will be members of the WIO MTTF 
from all 10 represented countries. A representative of 
the IOSEA Secretariat will participate together with a 
member of the IOSEA Advisory Committee. 

Tentative open session programme 

1. Country presentations (Comoros, France 
(Reunion), Kenya, Madagascar, Mauritius, 
Mozambique, Seychelles, South Africa, United 
Republic of Tanzania, United Kingdom). 

2. Plenary discussion: 
• Regional coherence in conservation and 

management actions, methods, protocols and 
data storage methods. 

• Emerging threats to marine turtles in the 
WIO and potential solutions. 

• Common issues and opportunities for 
collaboration. 

• Communications tools for information sharing 
on marine turtle issues in the WIO region. 

Tentative programme for WIO MTTF meeting 

1. Update from each country on the implementation 
of the IOSEAcmP. 

2. WIO regional priorities for the next triennium 
based on feedback from country representatives. 

3. Leadership of the WIO MTTF. 
4. Cooperation with IOSEA and Nairobi Convention 

Secretariats. 
5. Alignment with key international instruments.

Promoting MPAs as a tool for management in the 
WIO Region: Progress towards achieving SDG 14 

Conveners: Marine Reserves of Reunion, UNEP & 
Wildlife Conservation Society

Background 

The declaration of marine protected areas (MPAs), 
has long been considered a key tool in the quest to 
conserve the world’s marine biodiversity. The countries 
have played their part fully, in terms of identifying and 
declaring MPAs; from Tsitsikamma, the first MPA in Africa, 
proclaimed by the Government of the Republic of South 

Africa in 1964, to the newest MPAs declared in 2017 by 
the Government of Seychelles, and those proclaimed in 
2018 by the government of Republic of South Africa. It 
is, however, becoming increasingly clear that the mere 
proclamation of an MPA is no guarantee of effective 
protection, and assessments of this effectiveness show 
that many MPAs in the region lack the funding, human 
resources, skills and equipment to fulfil their functions 
adequately, and there is a pressing need to strengthen 
management of these areas. 

MPAs and SDG 14 

MPA establishment and management will be a central 
plank in enabling countries deliver on SDG 14 (Life under 
water) especially Targets 14.2 and 14.5. Target 14.2 calls 
for the sustainable management and protection of marine 
and coastal ecosystems to avoid significant adverse 
impacts, including by strengthening their resilience, and 
take action for their restoration, to achieve healthy and 
productive oceans by 2020, while Target 14.5 states that 
by 2020, countries shall conserve at least 10 per cent 
of coastal and marine areas, essentially their exclusive 
economic zones (EEZs), consistent with national and 
international law and based on the best available scientific 
information. 

Establishing MPA baselines 

The Contracting Parties to the UNEP Nairobi Convention 
through the WIOSAP Project in collaboration with 
Western Indian Ocean Marine Science Association 
(WIOMSA) are working to establish baselines for these 
two SDG 14 Targets through the production of an MPA 
and Critical Habitats Outlooks. The MPA Outlook will 
support the countries to establish baselines and include 
assessment metrics to track their progress in the delivery 
of the targets to increase the spatial extents of national 
MPAs from the current 2.4% to 10% by 2020, thus 
achieving SDG 141 target 14.52 . The key findings of the 
MPA Outlook indicate that there are 137 areas across the 
WIO region that are considered as MPAs or as having 
equivalent protection. The vast majority of these are 
coastal and/or inshore, however the largest, covering by far 
the greatest extents of the ocean are the few MPAs with 
considerable offshore deep-sea elements. These include 
the newly declared Seychelles MPAs, the MPAs associated 
with the Isles Esparses (Scattered Islands), and South 
Africa’s Prince Edward Island, on the edge of the Southern 
Ocean. It is no coincidence that these three territories are 
the only ones where the SDG Target 14.5 of 10 percent of 
EEZ under protection is reached. A further finding is that 
the majority of existing MPAs across the region are not 
managed as effectively as they could and should be, due 
primarily to lack of funding for essential staff, equipment 
and capacity development. The question is raised whether 
the immediate priority should be for governments to 
firstly ensure effective management of their existing MPA 
estate, before embarking on expansion of this estate.

11th WIOMSA Scientific Symposium 20



Individual countries in the WIO are also taking a larger-
scale approach to marine conservation, often within 
“Blue Economy” initiatives such as the Blue Economy 
Roadmap developed by the Government of Seychelles 
and Operation Phakisa in South Africa. In both cases, 
these initiatives have involved thorough and complex 
marine spatial planning processes, identifying areas 
suitable for different uses and activities, including for 
conservation. Much more recently, in Seychelles two 
(2) new MPAs covering an area of 208 365km² have 
already been declared as a result of this process, with 
more to follow. In South Africa 22 new, mostly offshore 
MPAs covering an area of 68 578km², have been gazetted 
and proclamation under Operation Phakisa following 
an intense consultation process with all stakeholders. 
An interesting recent development, pioneered in 
Madagascar, has been the rapid increase in the number of 
Locally Managed Marine Areas (LMMAs), known under 
a variety of names in different countries, where coastal 
communities work in collaboration with government 
and other stakeholders to protect their coastal 
resources. Across the region almost three hundred 
(300) of these have been established in the last ten (10) 
years. The Outlooks will be important decision-making 
support tools, especially in identifying areas requiring 
protection, or in the establishment and implementation 
of comprehensive national and transboundary network 
of well managed MPAs. 

At a transnational scale, there is a move toward initiation 
of transboundary MPAs to promote wholistic protection 
of marine and coastal resources through an ecosystem-
based approach beyond the political boundaries, and 
diverse national policy, legislative and institutional 
structures. Examples of such transboundary MPA 
initiatives in the WIO region include the transboundary 
MPA between Mozambique, South Africa which was 
the first to be established the African continent, and 
the proposed Transboundary Conservation Ares 
(TBCA) between Kenya and Tanzania. The proposed 
TBCA between Kenya and Tanzania provides further 
demonstration of the WIO region’s commitment to 
cooperate at transnational level to tackle marine and 
coastal issues and support national efforts towards 
attaining SDG targets 14.2 and 14.5. The coastal and 
marine area at the Kenya-Tanzania border proposed for 
the TBCA (which extends from the northern boundary 
of Diani-Chale Marine National Reserve in Kenya to 
the Southern Boundary of Mkinga district in Tanzania) 
has some of the richest biodiversity in the WIO region 
including several marine protected areas and is a coral 
reef climate refugia and an important migratory route for 
some endangered and threatened marine mammals and 
sea turtles. The area is ecologically strategic and fits the 
criteria described by IUCN in type 1 of transboundary 
conservation areas, that is “a clearly defined geographical 
space that includes protected areas that are ecologically 
connected across one or more international boundaries 
and involves some form of cooperation”. The TBCA will 
seek to strengthen capacity for restoring ecosystem 
health and conserving biodiversity locally, nationally and 

at a transboundary level and will pilot ecosystem-based 
approaches into spatial planning, water management, 
agriculture, forest, fisheries and marine protected areas 
management. The initial discussions and steps towards 
development, including profiling of the proposed TBCA 
were coordinated by Nairobi Convention and WIOMSA. 
Subsequent workshops and a review of the legal and 
institutional arrangements in Kenya and Tanzania was 
supported by Indian Ocean Commission (IOC) which 
resulted in establishment of a core working group 
and a legal framework for establishing such a TBCA. 
Establishment and effective management of a TBCA is 
challenging due to the many factors including dynamics 
of political, economic, social, cultural and security, aspects 
which heavily influence cross-border management 
regimes. This necessitates engagement of relevant 
stakeholders at the early stages of the process. While 
initial engagement of stakeholders was undertaken 
earlier during the legal and institutional review stage, 
there is still need to engage a wider array of stakeholders. 
This session at the WIOMSA Symposium will provide 
an effective platform for informing and engaging a cross 
section of potential stakeholders since the Symposium 
brings together a broad base of participants with diverse 
and valuable expertise to support the development and 
future management of the TBCA. 

Session Objectives 

The main objective of the Session will be to assess 
progress made in the region towards achievement of 
SDG target 14.5, while specific objectives will be to: 
1. Appreciate current spatial extents of MPAs across 

the region as a basis for progress towards SDG14.5 
2. Understand current management effectiveness and 

opportunities for enhanced MPA performance 
3. Understand contemporary drivers of change 

impacting on MPAs in the region 
4. Discuss the role of research and science in MPA 

management 
5. Discuss the opportunities for cross border 

MPA establishment and management, looking at 
the case study of the proposed Transboundary 
Conservation Area between Kenya and Tanzania, 
its importance from a national and regional 
perspective, the process of establishment, legal 
and institutional arrangements and engagement of 
stakeholders in the process. 

6. Initiate the establishment of MPA network in the 
WIO region

Expected outputs 

Recommendations on: 
1. Establishment of an MPA Network in the region 
2. Recommendations for improving MPA management 

effectiveness 
3. How research can inform and strengthen MPA 

management 
4. Potential opportunities for transboundary MPA 

establishment, management and stakeholder 
engagement in the process.
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Targeted audience: Mandated policy makers, 
MPA Managers, marine and conservation scientists, 
conservation practitioners, resources users and 
students.

Tentative session programme 

1. Presentations on MPAs from WIO Countries 
2. Presentation of the profile and process for the 

proposed TBCA between Kenya and Tanzania 
3. Panel discussion on the role of research in 

enhancing MPA Performance and how to engage 
various stakeholders in the TBCA process.

Expert meeting of WIO Coral Reef Task Force/
GCRMN regional network

Conveners: MISHAL GUDKA, DAVID OBURA, SAID 
AHAMADA & JEAN MAHARAVO 

Brief background 

The Western Indian Ocean consists of two sub-regional 
nodes, created under the Global Coral Reef Monitoring 
Network (GCRMN) in 1998 – the South West Indian 
Ocean (SWIO) islands of the Comoros, Madagascar, 
Seychelles, Mauritius, France/Reunion, identified as Node 
No. 3, and the mainland Eastern and Southern African 
countries of Kenya, Tanzania, Mozambique and South 
Africa, as Node 4. With the creation of the Coral Reef 
Task Force (CRTF) of the Nairobi Convention in 2001 
the 2 nodes were joined in a single regional network. 
Between 1998 and 2014, several projects supported the 
coral reef networks, developing their capacities in coral 
reef monitoring, national database management, coral 
reef mapping etc. These include the IOC-EU Regional 
environment program, Regional Sustainable coastal zone 
management (ReCoMaP), the CORDIO program, the 
ISLANDS program, IOC-GEF-World Bank coral reef 
program and AFD-FFEM Regional network of marine 
protected area. Regular national and regional reporting 
was conducted and contributed to global coral reef status 
reports published by GCRMN. Over the last 4 years 
(2015 -2018) the Indian Ocean Commission’s Biodiversity 
project, funded by the European Union has supported 
capacity building and coordination of coral reef monitoring 
under the CRTF/GCRMN umbrella, and the compilation 
of the 2017 WIO GCRMN coral reef status report (the 
first compilation and quantitative assessment of data on 
coral reef health by the regional monitoring networks) 
and an assessment of the impact of the 2016 bleaching 
event. Current initiatives relevant to coral reef monitoring 
programmes in the region include the following: 
1. The GCRMN endorsed a new Implementation and 

Governance Plan at the 33rd ICRI General Meeting 
in December 2018, and through this has begun a 
process to develop a global coral reef status report 
for 2020. The special session provides an important 
and timely opportunity to coordinate updates to 
the recent regional reporting and post-bleaching 
assessment, to move forward with current global 
priorities of the GCRMN. 

2. A number of initiatives to secure and support 
analysis of coral reef data are emerging. The last 
GCRMN session at the 10th WIOMSA Symposium 
(2017) included a session on databases, and 
this session will follow up with plans for data 
management, consistent with the global GCRMN 
reporting process for data citations and open 
access data sharing. 

3. The IUCN Red List of Ecosystems unit of the 
Global Ecosystems Management Programme is 
initiating a global campaign to apply the Red List of 
Ecosystems to coral reefs, and which uses GCRMN 
data as a primary input. This is being piloted within 
the WIO during 2019, and the session provides a 
timely point to update GCRMN data contributors 
on the process and solicit their involvement. 

4. Other ongoing and future initiatives that are 
relevant to coral reef monitoring programmes may 
be discussed, including annual monitoring of coral 
bleaching, opportunities with the UN Decade of 
Ocean Science for Sustainability (2021-2030), and 
others. 

Objectives 
1. Update the regional coral reef network on the 

latest work and plans related to the GCRMN 
2. Consult and identify priorities for data citations 

and access options to the regional GCRMN dataset 
3. Other topics involving the regional network 
Proposed agenda 
1. Latest work and plans related to the GCRMN (1.5 

hours) 
a. Implementing the global Implementation and 

Governance Plan 
b. Global coral reef status report (2020) and 

regional updates 
2. Data publishing options for the regional GCRMN 

datasets (45 minutes) 
a. Generating Digital Object Identifiers and data 

papers for the regional dataset and individual 
contributions 

b. Options and priorities for open-access 
3. Other topics in regional coordination (1.5 hours) 

a. Regional Red List of Ecosystems for WIO coral 
reefs – progress update 

b. Aligning with the UN Decade of Ocean Science 
for Sustainable Development, 2021-2030. C. 
AOB – other items for discussion will be 
requested from attending members. 

Expected outputs 
1. Agreed road map/way forward on how to 

contribute towards 2020 global GCRMN coral 
status report and implement the Implementation 
and Governance Plan. 

2. A clearly defined process as well as a general 
agreement on openly publishing the WIO GCRMN 
datasets 

3. Minutes of discussions and next steps for other 
agenda items. 

11th WIOMSA Scientific Symposium 22



Audience 
1. CRTF focal points/members 
2. Researchers/organisations/national institutions 

involved in coral reef monitoring and management 

Partners 

Key partners in convening this session include: Nairobi 
Convention Coral Reef Task Force1 , GCRMN Steering 
Committee2 , CORDIO East Africa3 , IUCN Red List of 
Ecosystems Unit. 

Fostering Regional Engagement through 
Transdisciplinary Research

Convener: NICOLE DU PLESSIS

Email: iora.ag.sa@gmail.com

Background 

The Indian Ocean Rim Association (IORA) was launched 
in 1997 with the broad objective to promote the sustained 
growth and balanced development of the Region. The 
Association is an economic cooperative community of 
littoral and island States whose shores are washed by the 
Indian Ocean, comprising twenty two Member States and 
nine Dialogue Partners1 . South Africa assumed the Chair 
of IORA in October 2017 until October/November 2019. 
For the same period, South Africa will also be chairing the 
IORA Academic Group (IORAG) and has established a 
South African Chapter of the IORAG (SA IORAG), along 
with national working groups which focus on research 
themes in the IORA priority areas of: Maritime Safety 
and Security; Trade and Investment Facilitation; Fisheries 
Management; Disaster and Risk Management; Academic 
Cooperation, Science and Technology; Tourism and Cultural 
Exchanges; Transformation and Gender Equality (cross-
cutting theme); and Blue Economy (cross-cutting theme). 
The IORAG constitutes the academic arm of the IORA 
and its role is to be both advisory and catalytic. South 
Africa seeks to engage with other African Member States 
to create partnerships within IORA, focusing on topics 
relevant to African Member States. Human capacity building 
and youth engagement are priorities within many of the 
member countries. The SA IORAG has engaged with the 
Western Indian Ocean Early Career Scientist Network 
(WIO-ECSN) to develop a session around a topic of 
interest to young researchers - Transdisciplinary research. 
Transdisciplinary Research is defined as ‘research efforts 
conducted by investigators from different disciplines 
working jointly to create new conceptual, theoretical, 
methodological, and translational innovations that integrate 
and move beyond discipline-specific approaches to address 
a common problem’. Transdisciplinarity is envisioned as a 
complement to ongoing discipline-based scientific inquiry 
that might lead to a different, higher, plane of inquiry, and 
enable different questions to be asked. 

Session Objectives and Outputs 

Transdisciplinary research has become a field of research 
of interest to many young scientists as it allows the 
combining of various disciplines (e.g., environmental, 
engineering and social sciences, etc.) to tackle the global 
challenges of today. There is however a lack of information 
on how to undertake research of this nature when most 
graduate and postgraduate studies, funding opportunities 
and scientific journals, are geared towards single 
disciplinary research topics. 

1 Member States: South Africa, India, Australia, Mauritius, 
Indonesia, Comoros, Iran, Madagascar, Oman, Tanzania, 
United Arab Emirates, Kenya, Bangladesh, Seychelles, 
Malaysia, Maldives, Mozambique, Singapore, Sri Lanka, 
Thailand, Yemen, Somalia. Dialogue Partners: China, Egypt, 
France, Germany, Japan, Korea, Turkey, UK, USA. 

This session will seek to address these challenges by 
engaging with the regional platforms such as WIOMSA 
and IORA which are focused on various topics of regional 
and international importance and would benefit from 
transdisciplinary research initiaves. The special session will 
aim to introduce participants to the IORA; strengthen 
researcher/academic networking in the region; discuss 
capacity building opportunities within the region and 
address young researcher’s questions on undertaking 
research of a transdisciplinary nature. A report will be 
made available to all session participants and the greater 
WIOMSA and IORA communities. 

Target Audience 

Early career scientists; all participants working within the 
IORA priority areas listed above. 

Tentative Special Session Programme  

(5 July 2019 @ 11:30 – 13:00) 

1. Welcome and Opening/ Introduction to IORA and 
the IORAG (10mins) – Juliet Hermes 

2. Undertaking transdisciplinary research as a young 
researcher (10 mins) – Riaan Cedras, WIO-ECSN 
President 

3. Transdisciplinary Research Case Study: Benefits and 
Challenges (15 mins) – TBC 

4. Panel Discussion (2 early career scientists, 3 
experts) (45 mins) – Moderator, Nicole du Plessis 
• Questions from early career scientists 
• Questions from audience 
• How to improve interactions with and make 

use of existing organisations and programmes 
such as WIOMSA, IIOE2 and IORA for 
capacity building, funding and networking 

• Transdisciplinary project topic proposal for 
development as an IORA project (submissions 
for a topic requested by early career scientists 
and IORA Secretariat) 

5. Closing/Wrap-up (10 mins)
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Digitalization of cultural heritage. New approaches 
for documentation, preservation, interpretation 
and community involvement. The case of Palestine, 
with potential relevance for Eastern Africa and the 
Western Indian Ocean.

Convener: RAMZI HASSAN, NORWEGIAN 
UNIVERSITY OF LIFE SCIENCES

Email; ramzi.hassan@nmbu.no

Local communities are usually highly interested in their 
heritage and motivated to engage with it. However, in many 
cases such involvement still fails to be implemented. This 
is either due to a lack of knowledge and skills, to financial 
limitations of the heritage projects, or to deficiencies 
in local capacities. It is therefore clear that community 
involvement does not happen spontaneously. Community 
involvement can empower people to take responsibility 
for the historic environment and to open space for socio-
economic opportunities as well. Therefore, there is a need 
for integration of new tools, technology and research 
which can serve to enhance perceived value to community 
members towards heritage sites. Digital technologies can 
improve conservation documentation and preservation 
techniques, enhance interpretation with interactive media, 
enrich archives with sensory experiences and augment 
histories with crowdsourced data. This new approach 
represents potential for widening public engagement, 
releasing personal interests in areas such as the protection 
of local monuments and rational local decision-making in 
efforts to preserve heritage sites.

Approach and Relevance 

The strength of preservation is its mission to empower 
future generations with the benefits of cultural heritage 
in full. Much of the information on historical sites are 
either hidden in archives and libraries, or not linked or 
synchronized to form a clear and full narrative. Digital 
technologies present tools and methodologies that 
can improve the understanding of culture heritage 
and landscapes over time. By collecting existing 
documentation and linking it digitally to particular 
locations in a virtual environment, we can represent a 
biography of the historical site, from which we can then 
begin to understand its development over time. This 
allows us to create a sense of time and appreciation 
of the past which would be difficult to grasp without 
the use of digital visualization. Digital documentation 
will aid in bringing together and managing the large 
amounts of information that are distributed over many 
national archives and unpublished reports. This concept 
invokes cross-disciplinary collaborations with, among 
others, archaeologists, historians and archivists involved 
in efforts aimed at communicating information about 
cultural heritage and based on theoretical frameworks 
from the digital humanities, cultural theory, history of 

the built environment and archaeology. The approach 
suggest that digital representations provides a method 
of incorporating heterogeneous and diverse information 
to present the contexts in which descriptions, texts, 
photographs, letters, videos and oral history can be better 
understood, interpreted, combined and distributed.

Objectives 

This session seeks to explore the implications and 
challenges of digital technologies for cultural heritage. 
The session will focus on how digital technologies can 
contribute to debates about connecting communities to 
their landscape and build relationship between the cultural 
and natural past, present and future. The session will show 
the relevance of using innovative digital technology and 
practices for the preservation, presentation and sustainable 
management of cultural heritage and landscapes for the 
coastal nations of Southern and Eastern Africa. Through 
the session, examples, and spin-off activities will be 
shared from a case project from Palestine by showing 
the progress of introducing a digital platform based on 
low-cost technological solutions and Virtual Reality. 
The platform visualizes different aspects of history and 
provide a means to incorporate elements of its tangible 
and intangible heritage. The platform acts as a medium 
for the preservation, documentation, interpretation and 
intervention, assisting in research, education, tourism and 
increasing community involvements and public awareness 
regarding the significant value for cultural heritage sites 
and historically important landscapes. The session will also 
show how this new approach enhanced public awareness 
and encouraged local community to take responsibility for 
the historic environment.
Conclusions and outcome 

Information and communication technologies allow 
today a far more dynamic, interactive and participative 
communication. Social networks, as well as ”apps” 
for smartphones and tablets offer almost unlimited 
opportunities for information exchange, dissemination 
and circulation of information, allowing everyone to share 
views on the cultural heritage with a global community. 
It has become possible to recreate digital portals by 
linking information and compare data around a historical 
site, which allows for inclusive understanding of cultural 
heritage in its topographical and cultural contexts. It also 
permits multiple researchers, stakeholders and the public 
to contribute to the knowledge base of cultural heritage. 

Target audience 

We welcome academics and practitioners from diverse 
disciplinary perspectives including architecture and 
landscape architecture, archaeology, anthropology, 
philosophy, geography, education, ethnology, geography, 
heritage, history, media and museum studies, tourism, 
sociology and urban studies. 
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Session program 

Frist hour: Presentation of the project work, digital 
approach and outcomes, followed by discussion. 

Break: 15 minutes. 

Second hour: Demonstration of some ongoing projects 
with virtual headsets.

Strengthen the link between science and society: 
when kids meet the scientific community 

Conveners: REEF CONSERVATION, MAURITIUS 
AND THE RESEARCH INSTITUTE FOR 
DEVELOPMENT (IRD)

Description: 
Kids from schools of Mauritius have been studying their 
local coral reefs using a simplified scientific protocol. 
They would like to share their results with the scientific 
community to understand what is happening on the reef. 
In this activity, you will meet them, answer their questions 
and play together the MARECO role game to try to save 
a coral island. 

Total duration: 2 hours.

Strengthening Partnerships for the Mangrove 
Agenda in the WIO Region

Background 

Mangrove forests occurring in the countries of the 
WIO region face common challenges. Accordingly, 
the WIO Mangrove Network was established in 2011 
as a regional platform to guide and manage sharing of 
experiences, lessons and expertise on management and 
conservation of mangroves in the region, to secure their 
future. The Network has evolved and driven and number 
of initiatives to build relevant partnerships with interest 
actors regionally and internationally in sharing the 
necessary knowledge to build capacity in the science and 
management of mangroves. The Network has attracted 
such initiatives as UN Environment-Nairobi Convention 
WIOSAP project, USAID supported SWAMP Program 
for Africa, Germany Government supported WWF and 
IUCN Save Our Mangroves Now!, Wetlands International 
through its Mangrove Capital Africa project, the Global 
Mangrove Alliance etc. All these combining efforts 
to develop different tools, provide training, promote 
dialogues, and disseminate lessons and experiences on 
best practices for sustaining mangroves of the region.

Objective

In the last Special Session in 2017, one of the agenda 
items was enhancement of both regional and 
international partnerships. This year’s session is aiming 
at demonstrating how this has grown to support the 
mangrove conservation agenda in the WIO region.

Expected Output 

A consensus on the needs and priorities for mangrove 
conservation in the WIO region. 

Target Audience 

In the past three events, over 50 symposium delegates 
comprising of scientists, managers, practitioners and 
students with interest and working in mangrove 
ecosystems across disciplines had attended each of the 
sessions. Similar audience is expected and targeted for 
this year’s session.

Tentative Programme 

The session will run from 11:30 to 16:00 (inclusive of 
lunch break) with an agenda focusing on the following 
items: 
1. Network and respective country updates on 

mangrove research, conservation and management 
initiatives/projects 

2. Disaster risk management and mangroves - field 
lessons from Mozambique 

3. Designing mangrove restoration approaches – 
capacity development on skills and tools

Ocean Acidification- East Africa 

Conveners: ROSHAN T RAMESSUR & MATHIAS 
IGULU 

Email; ramessur@uom.ac.mu

General Introduction

The ocean has been surrounding us for more than billions 
of years and yet it is only now that we have started to 
uncover the vast array of biologically diverse resources 
that it possesses and as such commenced our journey 
towards understanding its role, functions and importance 
in our lives and its interactions with the Earth’s system. 
However, our ocean is threatened by global changes 
which is exerting multiple stresses on marine ecosystems. 
In addition to warming and sea level rise induced by 
climate change, chemical changes as a result of increasing 
atmospheric carbon dioxide (CO2) are also occurring. The 
chemical changes associated with the increase of CO2 
in the ocean is often referred to as ocean acidification. 
Todays and future socioeconomic development will be 
affected not only by the level of ocean acidification itself, 
but even more by the rate of change, which is nearly ten 
times faster than any time in the past 50 million years, 
outpacing the ocean’s capacity to restore oceanic pH 
and carbonate chemistry within the next century. The 
rapid pace of change limits marine organisms, marine 
ecosystems, and humans to adapt, evolve, or otherwise 
adjust to the changing circumstances. Recent studies 
show that at the end of the century ‘business as usual’ 
CO2 emission will result in an average 100-150% increase 
in acidity in surface ocean as compared to preindustrial 
values. In 2015, the United Nations adopted the 2030 
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Agenda and a set of 17 Sustainable Development Goals 
(SDG), including a goal dedicated to the ocean, SDG 14, 
which calls to ‘conserve and sustainably use the oceans, 
seas and marine resources for sustainable development’. 
Measuring process to achieve its target 14.3 (“Minimize 
and address the impacts of ocean acidification, including 
through enhanced scientific cooperation at all levels”) 
and its related indicator 14.3.1 (“Average marine acidity 
(pH) measured at agreed suite of representative sampling 
stations”) needs data and information. And though Africa 
and in particular the countries part of WIOMSA highly 
rely on ocean resources, little is known about ocean 
acidification in the region and its impacts on ocean and 
human health. This together with the current declines in 
ocean assets, and future population and economic growth, 
provide a profound challenge to the Blue Economy’s future 
in Africa. Yet, the Global Ocean Acidification Observing 
Network (GOA-ON), which is supported by multiple 
organizations such as IOC-UNESCO, the OA-ICC of the 
IAEA and IOCCP, as well as in collaboration with the Ocean 
Foundation has already started the process of establishing 
the technical and human capacity for ocean acidification 
measurement. However, only one platform in the Eastern 
African region is currently registered as providing data. 
Recently, WIOMSA in partnership with IOC-UNESCO, 
OA-ICC and GOA-ON, supported six projects along 
the Eastern African Coast to support ocean acidification 
observation systems in the field, the implementation of 
the SDG 14.3.1 indicator methodology, the investigation 
of biological response to ocean acidification using 
experimental set-ups in the laboratory, or a combination 
of both. The objectives of this initiative comprise: 

• Establish Ocean Acidification observation and 
research in the Western Indian Ocean to help 
countries to achieve the target 14.3 minimizing the 
impacts of ocean acidification 

• Create a community of practice in the Western 
Indian Ocean for ocean acidification and other 
stressors on the marine environment 

• Relate the ocean acidification observation to 
species and ecosystems of socioeconomic 
importance to make the science relevant for 
society

Summary 

East Africa is expected to grow exponentially within the 
next 30 to 40 years and investment is being attracted 
in all regions of the continent. The OA Strategy is to 
ensure that East Africa will grow in a sustainable manner 
through the coordinated effort of all Member States. A 
primary theme arising from the strategy is the sharing 
of information, utilizing Member States resources and 
skills to advance a maritime agenda through coordinated 
efforts. The 30 million squarekm of ocean off the coasts 
of east and southern African countries supports some 
60 million people living within 100km of the shore. The 
annual economic output of the ocean is estimated to 
come forth in line behind the region’s biggest economies – 

South Africa, Mozambique, Kenya and Tanzania. It produces 
more than $20.8 billion in goods and services every year. 
Beyond economics, the ocean is also providing countless 
other services directly and indirectly related to human 
health and wellbeing. However, the health of the ocean is 
approaching a turning point. Many principal ocean assets 
are already declining as a result of over-exploitation (e.g. 
35% of the fish stocks assessed in the Western Indian 
Ocean are fully exploited and 28% are over-exploited). 
As the use of ocean resources is accelerating, new 
strategies need to be developed to ensure sustainability, 
especially in the context of emerging stressors such as 
OA that will add more pressures on already challenges 
ecosystems. A well-defined OA strategy for East Africa is 
urgently needed. It is time for East Africa to invest in new 
projects with the context of a sustainable blue economy 
with the intention to protect its coast, alleviate poverty, 
provide job opportunities and promote scientific research 
and development on the continent. The participation of 
stakeholders in achieving this vision is critical to provide 
different skills and expertise in finding concerted solutions. 
As such WIOMSA and OA- East Africa strategy must 
endeavor to engage Member States, industry players, and 
the private sector organizations through mechanisms that 
would enhance trust and the commitment of key actors. A 
subgroup of the OA-Africa network is currently working 
on such a strategy that will be presented in a white 
paper for the Eastern African region. A session during 
the WIOMSA meeting would allow to present the white 
paper to a wide audience and develop new ideas. 

Why WIOMSA and OA- East Africa? 

WIOMSA and OA- East Africa aims to raise awareness to 
Ocean Acidification. This is crucial to ensure protection and 
sustainable development of the South West Indian Ocean 
and East Africa from this emerging threat. This event will 
offer an opportunity for East African relevant stakeholders 
to understand challenges associated with CO2 mitigation 
while maintaining ecosystem health as well as livelihoods 
for local communities. Research and monitoring priorities 
for the conservation and management of the ocean and 
its resources will be highlighted through unique themes.

1. To motivate government, stakeholders and civil 
society to change their attitudes toward CO2 
emissions and the Ocean through a better 
understanding of the relationship between actions 
(or lack of), CO2 emissions, OA and consequences 
for the Ocean and Human health. 

2. To promote research, innovation and development 
to minimize and anticipate impacts of OA. 

3. To present the OA White Paper for East Africa to a 
wide audience and include new concepts and ideas.

Recommendation 

The 11th WIOMSA symposium at the University of 
Mauritius (1-6 July 2019) is a timely event to organize 
such a session. This would allow to invite key experts 
from a wide range of disciplines from social to natural 
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sciences and relevant local stakeholders to discuss how 
to address this key challenge. Planning for such an event 
requires sufficient time for organization and sharing of 
responsibilities. However, we can prepare a press release, 
make use of the OA-Africa and WIOMSA websites and 
Facebook pages. 

Target Audience 

The participants will include international experts 
and partners, universities and colleges involved in 
WIOMSA OA Projects, government line ministries that 
are concerned with the management and protection 
of the marine and coastal environments, civil society, 
development partners and East African and international 
private sector.

Potential Partner Institutions 

1. Ocean Acidification (OA) – Africa Network 
2. Global Ocean Acidification- Observing Network 
3. IAEA-OA-ICC 
4. WIOMSA 
5. The Ocean Foundation 
6. IOC-UNESCO 
7. NOAA 
8. The Centre for Collective Action Research (CeCAR)

Stories for the Sea – How storytelling can 
contribute to marine conservation and fisheries 
management objectives

Conveners: RUTH H. LEENEY, MATTHEW JUDGE & 
PAUL ANTION 

Email: ruth@blueventures.org
Background 

Storytelling - the social and cultural activity of sharing 
stories - can be a means of entertainment, education, 
cultural preservation or instilling morals. Every human 
culture has its own stories or narratives, and thus 
stories are a useful way of conveying information - 
people innately connect with stories. Storytelling can 
also deliver a call to action, and thus can be a powerful 
tool for conservation practitioners. The communication 
of science - how and why scientific research is done, 
what the results are, what the relevance of those results 
is to various sectors of society - is increasingly being 
recognised as an important part of research, conservation 
and management activities. It is also increasingly required 
by funders and even some academic institutions. People 
are more likely to support scientific activities, trust 
scientific findings and incorporate recommendations 
made on the back of those findings, if these messages are 
communicated to them in accessible, engaging ways. At 

a time when the implications of scientific research have 
never been more directly relevant to humankind and the 
health of our planet, effective science communication is 
an essential tool for researchers, managers, conservation 
practitioners and educators. Blue Ventures has a strong 
background in storytelling, producing a variety of 
communication outputs including blogs, photo stories, 
short films and comic books and using diverse channels 
including social media, newsletters, radio broadcasts 
and teams on the ground in the sites where we work, 
to distribute those stories. In this workshop, we will 
showcase one of our recent high-profile communication 
products, the short film ‘Kokoly’, as an example of 
a communication output and as a case study from 
which discussions can be built. ‘Kokoly’ highlights the 
life and struggles of a Vezo fisherwoman in southwest 
Madagascar and addresses themes including changes 
in marine biodiversity, livelihoods of rural coastal 
communities, traditional cultures and breaking down 
gender stereotypes. 

Session Objectives 

1. Screening of Blue Ventures’ short film, ‘Kokoly’ (15 
min). 

2. Discussion of the topics the film raises and its 
effectiveness as a communication tool. 

3. Introduction to a variety of storytelling tools and 
media (e.g. blogs, photography, video, theatre) and 
discussion of how each of these can be used to 
engage audiences. 

4. How to select the most appropriate storytelling 
approach - identifying audiences, available resources 
and desired impact(s). 

5. Discussion around the tools available for engaging 
rural communities in low-income countries. 

6. Provide participants with real experience of 
developing a science communication strategy, 
identifying audiences, developing a clear message; 
receiving feedback on their approach.  Targeted 
audience: Students, conservation practitioners (e.g. 
NGO staff) 

Expected outputs 

1. Participants gain a greater understanding of how 
to communicate scientific concepts, conservation 
and environment-related messages to a diversity of 
audiences. 

2. Participants receive links to networks, online 
resources and tools that will help them in their 
future communication endeavours. 

3. Practical experience & feedback 
4. An article for the WIOMSA newsletter outlining 

the workshop content and the importance of 
science communication. 
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Session on Ocean Governance in the Western 
Indian ocean region at the 11th Symposium of the 
Western Indian Ocean Marine Science Association 
(WIOMSA) 

Conveners: UNEP, NAIROBI CONVERSATION, 
WIOMSA & IASS

Introduction 

The Nairobi Convention, Western Indian Ocean Marine 
Science Association (WIOMSA) and Institute of Advanced 
Sustainability Studies (IASS- Potsdam) are organizing a 
Session on Ocean governance for the Western Indian 
Ocean (WIO) region to be held on 05 July 2019 at the 
WIOMSA Symposium in Mauritius. The aim of this session 
is to discuss and identify the governance needs and 
priorities for safe, secure, clean and sustainably managed 
Western Indian Ocean and provide a basis and context 
for policy discussion on ocean governance. Additionally, 
the session will identify relevant stakeholders and discuss 
science-based policy approaches which will inform the 
development of the WIO ocean governance strategy. In 
the follow-up to this session it is envisaged that outputs 
will be presented and discussed at a Regional Ocean 
Governance workshop planned in September 2019. 
The Marine Regions Forum 2019 (on 30 September – 2 
October 2019 in Berlin) provides another the opportunity 
to present the outcomes to an international group of 
ocean governance experts and to feed into the ocean 
sustainability related global process. The value of the 
global ocean-based economy is estimated between USD 
3-6 trillion/year and more than 3 billion people rely on the 
oceans for their livelihoods. In the last few years, coastal 
and marine ecosystems around the world have begun to 
show signs of degradation due to unsustainable utilization 
of the living and non-living resources, infrastructure 
development, extractive industries and pollution. This 
calls for effective ocean governance for coordination of 
the multiple uses of the ocean and the protection of the 
marine environment through policy instruments, regional 
actions and national legal frameworks. 

Ocean Governance in Africa 

Beyond Africa’s traditional maritime industries dominated 
by shipping, transport and fishing, emerging industries 
such as oil and gas, mariculture and wind and wave 
energy, are constantly increasing pressures on the coastal 
and marine resource base of the Continent. It is on this 
premise that the 2015 Cairo Declaration of the African 
Ministerial Conference on the Environment (AMCEN) 
agreed to support efforts for the protection of the 
marine environment. The 16th session of AMCEN held 
in Gabon in June 2017 requested the United Nations 
Environment Programme (UNEP) and the secretariats of 
the Regional Seas Conventions to enter into cooperative 
arrangements with the regional bodies in order to 
enhance the application of ecosystem-based approaches 

in ocean governance in Africa. At the 7th special session of 
AMCEN held in September 2018 in Nairobi, African states 
we urged to promote growth and development of the 
ocean sector in the context of sustainable blue economy 
pathway and support mainstreaming of aquatic biodiversity 
in all productive sectors. As a follow up, the secretariat 
for AMCEN undertook background studies to support 
member states in developing an Africa Ocean Governance 
Strategy. These undertakings will support the African 
Union Agenda 2063 aspiration for a prosperous Africa 
based on inclusive growth and sustainable development. 
In the first 10 years of implementation of Agenda 2063, 
the African Union Assembly has appointed the Regional 
Economic Communities (RECs) to serve as focal points 
for the facilitation of the adoption, implementation, 
monitoring and evaluation of all development initiatives of 
members states related to Agenda 2063.

Ocean Governance in the Western Indian Ocean 
(WIO) region 

Marine and coastal resources in the WIO region are 
managed by different national institutions, organizations, 
agreements and commissions which have independent 
and often times overlapping mandate. The WIO region 
comprises 10 countries: Comoros, France (Réunion), Kenya, 
Madagascar, Mauritius, Mozambique, Seychelles, Somalia, 
South Africa and Tanzania which are contracting parties to 
the Nairobi Convention for the Protection, Management 
and Development of the Marine and Coastal Environment 
of the Western Indian Ocean Region. The region has a total 
coastline of more than 15,000km, a continental shelf area 
of some 450,000km2 and, an estimated population of 220 
million people, of which over 60 million live within 100km 
of the shoreline. The annual gross marine product least US$ 
20.8 billion in the WIO region, (equivalent to the Gross 
Domestic Product of a country) illustrates the significant 
economic value of the region’s coastal and marine resources. 
The coastal and marine environment of the WIO region has 
started showing signs of degradation and biodiversity loss 
attributed to both natural factors such as climate change 
and anthropogenic activities such as coastal development, 
overfishing, sand mining, dredging and pollution from land 
based sources and activities. It is in this context that ocean 
governance is being seen as an effective mechanism for 
addressing sustainable use of marine and coastal resources.

The Nairobi Convention offers a legal framework, a forum for 
intergovernmental discussions and coordinates the efforts of 
its contracting parties in the protection, management and 
development of their coastal and marine environment. The 
convention is keen on promoting ocean governance through 
cooperation, collaboration and partnerships between 
governments, intergovernmental organizations, Regional 
Fisheries Management Organization and Regional Economic 
Communities. This readiness was highlighted at the 2017 UN 
Ocean Conference where the Nairobi Convention together 
with a large group of regional and international actors 
committed themselves to develop a partnership approach 
for implementing SDG 14 in the Western Indian Ocean1 .
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Rationale of the Ocean Governance Session 

In August 2018, the Ninth Conference of Parties to 
the Nairobi Convention adopted Decision CP.9/6 on 
Ocean Governance in the WIO region. The planned 
session recognizes the efforts of Contracting Parties, 
including those of the Governments of Seychelles, 
South Africa and Mauritius towards a sustainable ocean 
economy and the need for a robust ocean governance 
mechanism. The session will focus on the following 
objectives as a basis for the development of an ocean 
governance strategy for the WIO:

Objectives 

1. To map key stakeholders for a WIO Ocean 
Governance strategy 

2. To discuss and identify problems and priorities 
to be addressed in the WIO Ocean Governance 
strategy 

3. To discuss the context of the WIO Ocean 
Governance Strategy (institutional set-up, ocean 
governance themes and emerging concerns) 

4. To align the development of the WIO ocean 
governance strategy with the Sustainable 
Development Goals and targets and with 
the ongoing global discussions on Biological 
Biodiversity Beyond National Jurisdiction (BBNJ), 
the ocean dimension in the Paris Agreement, the 
UN Decade for Ocean Science as well as other 
global ocean governance initiatives 

5. To discuss the mechanisms to support and 
promote effective ocean governance among WIO 
countries.

Expected Outputs 

1. Overview of stakeholders and actors involved in 
the WIO ocean governance strategy 

2. List of ocean governance needs and priorities of 
the region 

3. Structure of regional ocean governance workshop 
to be held in September 2019 and contribution to 
Marine Regions Forum 20192

4. Agree on background papers on ocean governance 
to be prepared and presented at the regional ocean 
governance workshop 

Expected Participants 

1. Senior Policy makers/ decision makers 
2. Marine and Coastal Ecosystem Experts

Conservation and management of sharks and rays 
in the Western Indian Ocean: National Plans of 
Action and international conventions

Conveners: WILDLIFE CONSERVATION SOCIETY

Email: rbennett@wcs.org

Background 

The Western Indian Ocean (WIO) has been identified 
as a global hotspot for chondrichthyan (shark and ray) 
species diversity, with at least 227 species identified to 
date. Many of these species are found only in the WIO, 
therefore ensuring their conservation and sustainable 
utilization within the region is essential. The WIO is also 
characterised by extensive fisheries, from the artisanal 
level to large-scale industrial fleets, operating from the 
coast to the high seas, including illegal, unreported and 
unregulated (IUU) fishing. There is a high demand for, 
and legal and illegal trade in, chondrichthyan products, 
particularly shark meat for local consumption and 
shark and ray fins and mobulid gill plates, for the global 
shark fin and gill plate trade. Shark and ray species are 
generally slow growing, with late maturity and low 
reproductive capacity, making them highly susceptible 
to overfishing. Consequently, 59 shark and ray species 
(26%) in the WIO are listed as threatened on the IUCN 
Red List of Threatened Species and thus face a high risk 
of extinction in the wild. As thousands of people living 
in coastal communities within the WIO countries are 
dependent on fishes, sharks and rays for their income 
and livelihoods, as well as cultural and traditional uses, 
sustainable utilization of these resources is paramount 
and as much a social issue as it is an ecological issue. 
There is thus a critical need for corrective management 
and improved conservation of the WIO shark and ray 
species, particularly those that are threatened or likely 
to become threatened.

Addressing these issues through policy 
development 

The Food and Agriculture Organization (FAO) of 
the United Nations developed an international plan 
of action (IPOA-SHARKS) for the conservation and 
management of sharks and rays (FAO 1999), which 
advocated that states should adopt a national plan of 
action for conservation and management of shark stocks 
(Shark-plan) if: i) their vessels conduct directed fisheries 
for sharks, ii) their vessels regularly catch sharks as 
bycatch, iii) their vessels catch sharks on the high seas, 
or iv) if vessels of other states catch sharks in their 
waters. Considering the threats facing sharks and rays 
in the WIO, the Parties of the Nairobi Convention for 
the Protection, Management and Development of the 
Marine and Coastal Environment of the Western Indian 
Ocean agreed in 2012 to include sharks in their program 
of work and called for regional collaboration on the 
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conservation and management of sharks. All ten states 
within the WIO (Somalia, Kenya, Tanzania, Mozambique, 
South Africa, Seychelles, Comoros, Madagascar, Mauritius, 
French Indian Ocean Territories) are party to the 
Nairobi Convention and all have shark-directed fisheries 
or fisheries that take sharks as bycatch, suggesting that 
all ten states should develop national plans of action for 
shark and ray conservation and management (NPOAs, as 
advocated by the FAO IPOA-Sharks). However, most of 
these states have little or no legislation for shark fishing 
and, by 2019, formal NPOAs for sharks and rays have 
been developed only in Seychelles and South Africa, 
while Madagascar and Kenya are currently developing 
theirs, and management of sharks and rays in French 
Indian Ocean Territories is guided through the European 
Union Plan of Action (EUPOA Sharks).

Session objectives 

In 2017, a collaborative process led by the Wildlife 
Conservation Society (WCS) was initiated to develop 
a regional roadmap for shark and ray conservation 
and management in the WIO. WCS now intends to 
host a special session at the upcoming 11th WIOMSA 
symposium, titled National Plans of Action for the 
conservation and management of sharks and rays in 
the Western Indian Ocean: development, status of 
implementation and knowledge sharing. The session is 
intended to provide a platform to bring together relevant 
stakeholders involved in the development of shark 
NPOAs in the WIO countries, to share lessons learned 
on the development process and implementation of 
NPOAs, with stakeholders from countries that have not 
yet initiated the NPOA development process.

Expected outputs 

1. The session is aimed at knowledge sharing on 
aspects of shark NPOA development, including the 
development process, writing and preparation of 
the NPOA document, and the implementation of 
the action plan. Through presentations and group 
discussion, stakeholders having experience with the 
NPOA process in their countries will be invited 
to share the successes, challenges, failures and 
lessons learned during the process, to guide those 
stakeholders from countries that have not yet 
developed a shark NPOA. 

2. The meeting will also provide an opportunity 
for sharing of documentation, such as finalised 
NPOAs, which can be used as examples, templates 
or frameworks for countries that have not yet 
developed these. 

3. Increased capacity for the development of NPOAs in 
countries that have not yet developed a shark NPOA.

Targeted audience 

1. Representatives from WIO countries that have 
developed an NPOA for sharks and rays, specifically 

those individuals who led or were involved in the 
writing of the NPOA document, or who facilitated 
the NPOA development process in their country. 

2. Representatives from WIO countries that have 
not yet developed an NPOA for sharks and rays, 
specifically those individuals who may lead or be 
involved in the writing of the NPOA document, or 
who may facilitate the NPOA development process 
in their country.

The Western Indian Ocean Early Career Scientist 
Network: One-Year and a half progress and 
contribution to marine science in the region

Convener: WIO- EARLY CAREER SCIENTISTS 
NETWORK (WIO-ECSN)

Background. 

The Western Indian Ocean- Early Career Scientists Network 
(WIO-ECSN) was established at the 10th Western Indian 
Ocean Marine Science Association (WIOMSA) Symposium 
held in Dar es Salam, Tanzania from 31st October to 2nd 
November 2017. The main goal of the WIO-ECSN is 
to communicate research priorities from early career 
scientists to the scientific leadership of the WIO region and 
to provide a platform for facilitating interdisciplinary and 
regional research collaborations. Currently, the network is 
coordinated by an elected committee composed of seven 
members. Since then, with close support of WIOMSA, 
the network has grown rapidly. The WIO-ECSN has 279 
members from nine-member states of the WIO region, 
namely Comoros, Kenya, Madagascar, Mayotte, Mozambique, 
Reunion, Seychelles, South Africa and Tanzania. The WIO-
ECSN intends to convene a workshop in the special session 
of the forthcoming 11th WIOMSA Symposium to highlight 
its two years progress and discuss various matter pertaining 
the network. 

Workshop main objective

The main objective of the workshop is to bring together 
the early career scientists from the Western Indian 
Ocean region to discuss its one and a half year progress 
in growing early scientific careers in the network and its 
contribution to marine science in the WIO region.

Workshop Specific Objectives 

The specific objectives of the workshop include the 
following 
1. To grow membership of the network across the 

member states in the region by targeting new 
members entering marine sciences; 

2. To discuss the challenges and success of the network 
in its one and a half year progress since its inception 
and the way forward for the development of marine 
sciences and research in the region; 

3. To discuss the establishment of collaboration between 
WIO-ECSN and other relevant stakeholders in the 
region such as Indian-Ocean Rim Association (IORA) 
and the Women in Marine Science Network;
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4. To seek mentorship from senior scientists for the 
development of early careers scientists in the WIO 
region; 

5. To discuss the five-year strategic plan of the WIO-
ECSN.

Workshop outcomes. 

The expected outcomes from the workshop are to: 
1. Register new members from any of the nine-

member states within the WIO region. 
2. Facilitate member suggestions to strengthen and 

establish the regional ties of the network among its 
members and other relevant stakeholders. 

3. Establish a capacity building collaboration for early 
careers scientists between the WIO-ECSN, Indian 
Ocean Rim Association and the Women in Marine 
Science Network. 

4. Seek and obtain mentors at the 11th WIOMSA 
Symposium to guide the early careers scientists to 
mold their development in their marine research 
activities. 

5. Recommend and approve the five years strategic 
plan of the WIO-ECSN according to the needs 
provided in the strategic plan by each member state.

Targeted audience 

The workshop is open to the early career researchers, 
and scientists, mentors and other stakeholders from 
various disciplines. It is expected that more participants 
including graduates, post-graduates and scientists 
from research and academic institutes, and NGOs will 
participate in the session.

Workshop Format. 

The workshop will be divided into sessions: 
• The opening session of will be facilitated by the 

chairperson of the network who will review the 
current status and profile of the network. 

• Operational activities: This second session will involve 
the review of activities, challenges and successes of 
the network, presented by the General Secretary and 
Chairperson of the network. 

• Theme: To enhance and establish potential 
collaborations with, and enhance mentorship to early 
careers scientists in the region, creating learning 
networks for transfer of knowledge such as IORA, 
Woman Network and Senior scientists. 

• Strategic plan: The session will involve discussions 
around a five-year strategic network plan developed 
from the needs of each member states, reviewed and 
adopted for implementation. 

• Closure of session: Closing remarks from invited 
guest of honor will be given.
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The Coordinating Committee 

The Coordinating Committee comprises of early career 
researchers including PhD and MSc students from Western 
Indian Ocean region specialized in various disciplines 
such as marine biology, ecology, fisheries biology, physical 
and chemical oceanography, marine spatial planning, 
governance and socio-economic development.

South West Indian Ocean Fisheries Governance and 
Shared Growth Program 

Addressing fisheries governance challenges in the Western 
Indian Ocean

Conveners: WORLD BANK, GEF, COI & SWIOFISH

Background 

Countries of the region are making substantial investments 
in the sustainable development of their fisheries sector 
through improved governance of priority fisheries. The 
World Bank launched the South West Indian Ocean 
Fisheries Governance and Shared Growth Program 
(SWIO Fish) in 2015, representing an investment of more 
than $200 million for regional and national projects under 
the program. The program goal is to increase the economic, 
social, and environmental benefits to the region from 
sustainable marine fisheries. The region is characterised 
by a diverse range of fisheries, which are equally variable 
in terms of how they are governed and the challenges 
faced in securing a transition to sustainability. However, 
the need to strengthen fisheries governance for improved 
ecological and socioeconomic outcomes is common to all 
countries in the SWIO Fish family 

Fisheries governance processes and institutions are 
complex, spanning centralised, scientific, economic-
driven management plans that evolved for industrialised 
fisheries, through participatory co-management, to 
decentralised institutions for decision-making and human 
rights-based approaches that are central to securing 
small-scale fisheries. To meet its goal, SWIO Fish is 
addressing a wide spectrum of fisheries and governance 
contexts, focusing on institutional strengthening and 
capacity building, enhancing collaboration, transiting 
to rights-based approaches, securing livelihoods, and 
empowering private sector and value chain actors. This 
session provides a unique opportunity to take stock 
of progress and benefit from regional expertise on 
emerging governance challenges and perspectives. 

Session Objectives 

1. To take stock of SWIO Fish progress in fisheries 
governance at regional, national and local levels 

2. To identify emerging fisheries governance challenges 
in the region including integration with ocean 
governance and emerging blue economy agendas 



3. To examine SWIO Fish alignment with to best 
practice in fisheries governance, with a particular 
focus on small-scale fisheries 

4. To identity opportunities for collaboration among 
SWIO Fish projects and with other projects in the 
region 

5. To scope opportunities for the next phase of World 
Bank fisheries support to the region

Session Outputs 

Input to national SWIOFish project planning; An article 
for the WIOMSA newsletter; World Bank blog article. 

Target Audience 

The session will benefit from the participation of 
policy-makers, fisheries stakeholders, scientists and 
NGOs working on fisheries issues, intergovernmental 
organisations, and participants/beneficiaries of SWIOFish 
projects.
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POSTER
Preliminary investigation into pH variability in 
small temporary open/closed estuaries 

AADILA OMARJEE1A#, SUSAN TALJAARD2a AND 
STEVEN WEERTS3a 

Coastal systems research group, Council for Scientific 
and Industrial Research (CSIR, South Africa) 

Email: aomarjee@csir.co.za

Background 

There are few marine ecosystems that are not disturbed by 
humans. This disturbance is mostly associated with rapidly 
expanding agricultural, industrial and urban developments. 
Many of these impacts relate to the modification of the 
biogeochemistry of natural systems, with detrimental ripple 
effects on their ecological functions and goods and services 
derived from these systems. One of the important chemical 
parameters that is affected by anthropogenic impacts is 
pH and in recent years several studies have highlighted a 
serious threat to pH in coastal waters (including estuaries) 
caused by excessive eutrophication, largely as a result of 
nutrient enrichment across the land-ocean interface (Feely 
et al., 2010; Cai et al., 2011; Wallace et al., 2014). Nutrient 
enrichment of coastal systems alters in situ processes often 
stimulating excessive macro- or microalgal production, 
affecting the intensity of photosynthetic and respiration 
processes and significantly altering pH variability. Decaying 
blooms increase organic loading, which stimulates in 
situ remineralisation processes. The effect of these in situ 
processes intensifies during periods of long residence time, 
or in stratified waters. Temporary open/closed estuaries 
(TOCEs), often subject to extended periods of closure, are 
especially vulnerable to such pressures and processes. To 
establish the degree to which nutrient enrichment might be 
influencing pH in such systems, which are representative of 
the majority of estuaries in South Africa, the pH variability 
in five TOCEs along South Africa’s east coast was studied, 
covering both open and closed phases. 

Methods 

Existing long-term data sets were used in this study to 
cover temperature, salinity, pH, dissolved oxygen and 
chlorophyll a at different water depths from at least two 
stations in each system. Data on the mouth states was used 
to define closed and open periods. Trends in pH variability 
were investigated and correlated with salinity (providing 
an indication of water types), chlorophyll a and dissolved 
oxygen (DO) (as indicators of water column primary 
production and remineralisation). These comparisons 
where then used to investigate key influencing processes 
on pH variability during open and closed periods. 

Results 

Insthambili - The estuary is typically open during summer 
and closed during winter, showing a strong seasonal 
signal in mouth state. This blackwater system is perched, 
with seawater intrusion occurring primarily through 
overwash. A dense freshwater mangrove (Barringtonia) 
surrounds the estuary, contributing to extensive leave 
litter. No distinguishing pH signal was evident during the 
open state, although low DO levels (and low chlorophyll 
a biomass) suggested that remineralisation was playing 
a role in the estuary, possibly linked to weak seawater 
flushing (perched) and leaf litter (organic loading). 
Following closure (<2 months), chlorophyll a biomass 
and DO increased (albeit by relatively small amounts) 
suggesting in situ water column primary production. 
However, a corresponding increase expected for pH, 
was not evident. During extended periods of closure 
(>2 months) decreases in chlorophyll a biomass and DO 
were evident, again suggested stronger influence of in situ 
remineralisation, but also without any apparent decrease 
in pH. Therefore, based on available data, pH variability 
in this system could not be coupled to any dominant in 
situ process. 

Mhlabatshane - This estuary showed the same 
seasonal mouth state signal as the Insthambili. However, 
this system is non-perched, and significant tidal intrusion 
occurring during the open state. When the estuary was 
open, low chlorophyll a and well-oxygenated conditions 
suggested good tidal flushing, with little influence from 
in situ processes, also with no influence pH. Typically 
within 10 days of closure, chlorophyll a biomass and 
DO concentrations peaked with an associated increase 
in pH, indicating the influence of in situ water column 
primary production on pH during this period. However, 
as residence time increased (after extended periods 
of closure) chlorophyll a biomass and DO decreased 
slightly, as did pH levels, suggesting the onset of in situ 
remineralisation, and its influence on pH, due to some 
decay of microalgae. 

Little aManzimtoti - The estuary is predominantly 
open, in part due to considerable wastewater inputs. The 
system is moderately perched with limited tidal intrusion. 
pH varied greatly between surveys during the open 
states. However, on occasion, high chlorophyll a and high 
DO, with associated high pH, suggested marked influence 
of in situ water column primary production on pH. On 
other occasions, extremely low DO concentrations 
(and low chlorophyll a biomass), with a corresponding 
decrease in pH, suggested in situ remineralisation as a key 
influencing factor. When the estuary closed for a short 
period, the higher salinity, together with low chlorophyll 
a biomass and high DO, was indicative of the presence 
of “new” seawater. Relatively higher pH levels also were 
characteristic of more saline water. 
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aManzimtoti - This estuary is intermittently open/
closed with no strong seasonal signal in mouth state. It 
is perched and receives seawater predominantly through 
overwash. During the open state, low salinity, high DO and 
low chlorophyll a biomass, suggested good fluvial flushing, 
with pH also typical of freshwater. When the estuary 
closed, chlorophyll a biomass peaked within 20 days. This 
strong in situ water column primary production was also 
reflected with high DO (super saturation at surface), 
and an associated increase in pH. During the subsequent 
decay of the bloom, in situ remineralisation resulted in a 
reduction in DO mirrored by a corresponding decrease in 
pH. Mdloti - This estuary can close for extended periods 
(e.g. up to 6 months), even though it receives wastewater 
input. During such an extended period of closure, 
sampling commenced when a thick mat of filamentous 
algae (as a result of high nutrient input from wastewater) 
was present in the system, but with low chlorophyll 
a biomass. During the first four months of closure, 
there was a persistent trend of decreasing DO and pH, 
attributed to in situ remineralisation associated with the 
decaying of the filamentous benthic algae. However, after 
four months, in situ water column production increased 
(increasing chlorophyll a biomass), and DO and pH tended 
to stabilise, probably as a result of this process countering 
some effects of in situ remineralisation. 

Conclusions 

This preliminary investigation showed that pH in small 
TOCEs is highly variable and influenced by numerous 
factors. However, the influence of in situ processes such 
as primary production and remineralisation was clearly 
evident in some of the systems, particularly in systems 
that receive wastewater input. In those cases, TOCEs were 
especially vulnerable during the closed phase. Perched 
TOCEs that receive wastewater were also vulnerable 
during open periods, as a result of limited tidal flushing. 

ORAL - Monday, G2, 1100 

Antibacterial and cytotoxic properties of 
exopolysaccharides from Alcaligenes and 
Halomonas species isolated from the marine 
environment of Mauritius 

AADIL AHMAD AULLYBUX, DANESHWAR PUCHOOA, 
THEESHAN BAHORUN AND RAJESH JEEWON 

Department of Agricultural and Food Science, Faculty of 
Agriculture, University of Mauritius, Réduit, Republic of 
Mauritius
ANDI Centre for Biomedical and Biomaterials Research 
and Department of Biosciences and Ocean studies, Faculty 
of Science, University of Mauritius, Réduit, Republic of 
Mauritius
Department of Health Sciences, University of Mauritius, 
Réduit, Republic of Mauritius 

Email: rjeewon@uom.ac.mu 

Background 

Marine environments hold great potential for 
exploitation and marine microorganisms, in particular, 
have attracted attention for their biotechnological and 
commercial values. Indeed, they have been found to be 
useful for applications such as production of valuable 
compounds and among these, microbial Extracellular 
Polysaccharides or exopolysaccharides (EPS) represent 
a set of compounds with wide uses in food, cosmetics, 
textile, pharmaceutical and agriculture. More recently, 
their biological activity has been gaining attention, with 
a number of recent studies reporting the immuno-
stimulatory, antiviral, anti-oxidative, anti-tumour 
and antibacterial properties of EPS. In view of the 
biotechnological potential of these polymers, seawater 
from the surrounding of Mauritius was screened for EPS-
producing bacteria. 

Methods

Seawater samples were collected and from these, 
microorganisms capable of EPS production, as indicated 
by their mucoid colonies, were selected. The produced 
polymers were subsequently tested for their antibacterial 
effects against 14 disease-causing pathogens from 
the genera Streptococcus, Enterococcus, Salmonella, 
Staphylococcus, Bacillus and Proteus using the disc 
diffusion and broth microdilution methods. Compounds 
showing inhibitory effects on the growth of the pathogens 
were then further investigated for their cytotoxicity 
against A549 and HepG2 cancer cell lines. Following 
these two sets of screenings, exopolysaccharides 
exhibiting biological activity were characterised by 
Thinlayer chromatography and Fourier-Transformed 
Infrared Spectroscopy (FTIR) while the microorganisms 
producing them were identified by morphological and 
biochemical methods as well as 16S rRNA sequences. 

Results

The results showed that out of 40 isolated EPS-
producing bacteria, two, from the genera Halomonas and 
Alcaligenes, could produce EPS which could inhibit the 
growth of at least 8 of the 14 tested pathogens, with 
effective concentrations varying between 62.5 µg/ml and 
500 µg/ml. Interestingly, these compounds also showed 
inhibitory effects on the antibiotic resistant Methicillin-
resistant Staphylococcus aureus (MRSA). However, only 
EPS from the Alcaligenes sp. showed cytotoxic effects on 
the cell lines, with IC50 values of 128 µg/ml for HepG2 
and 654 µg/ml for A549. Characterisation of the two 
polymers revealed the presence of carboxyl, hydroxyl 
and sulphate as the main functional groups which could 
contribute to the observed biological activities. 

Conclusion

Antibacterial as well as cytotoxic effects of EPS from 
Halomonas and Alcaligenes species is not widely documented 
compared to those from other species. Similarly, their 
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effectiveness against antibiotic-resistant pathogens is 
even less investigated. The results not only highlights the 
fact that other species may also produce compounds of 
pharmaceutical interest but they also suggest that Mauritius 
seawater can be a source of biotechnologically useful 
microorganisms producing compounds of potential value. 

POSTER               

Genetic connectivity and Fine Scale Structure of 
Avicennia marina (Forsk.) Vierh in Gazi bay, Kenya 
using microsatellites 

ABBIE AKINYI ALLELA 

Mangrove forest biomes are unique ecosystems that 
support both aquatic and terrestrial biodiversity at the 
coastal fringe in the tropics. At present, mangroves forest 
communities face adverse human threats that range from 
pollution, habitat fragmentation to effects that arise due to 
climate induced change that causes variation in oceanic and 
estuarine environs. The aim of this study was to ascertain 
the level of connectivity and genetic diversity of A.marina at 
estuary level. The research further provides for the display 
of a fine-scale spatial genetic structure over about 100m 
distances for comparison on the seaward and landward 
transects. This information is of importance in understanding 
the allelic and genetic differentiation for analysis of local 
dispersal and potential inbreeding in each site. A total of 
452 trees were sampled within Gazi bay, Kenya from 8 
transects. The ten microsatellites used to investigate genetic 
diversity and fine scale spatial genetic structure in the 
study population gave a total of 52 alleles from the sample 
localities. Absence of inbreeding was evidenced in seven 
transects, exception for a seaward transect (S4) . Seaward 
transects gave more departures from HWE. An AMOVA-
FST indicated much variation occurring within individual 
A.marina trees and less among transects. Additionally, 
there was reduced genetic diversity in the landward sites 
indicating less connectivity on the landward fringe for A. 
marina. Overall gene flow for the entire sample population 
of Gazi Bay was high at Nm=4.1. Additionally, a fine scale 
spatial genetic structure was present in the two sheltered 
sites and lacking in more open sites. It was concluded that 
within Gazi Bay there is anyway an isolation by distance 
(IBD), regardless of the landward or seaward positioning 
of transects and that this differentiation arose due to the 
sheltered part of the bay in the northernmost sites (1 and 2). 
Consequently therefore, the coupling of oceanic and river 
currents from the local Kidogoweni and Mkurumunji rivers 
might explain an efficient gene flow. Overall, the hypothesis 
of a stronger genetic structure for comparison of kinship 
values for the landward and seaward sites is annulled. 

Keywords: Avicennia marina, Connectivity, 
Microsatellite, Fine-scale-spatial genetic structure, 
Isolation-by-distance, Gazi bay
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Seagrasses from northeastern coast of Bay of 
Bengal, Indian Ocean: five new global records and 
ecological aspect 
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1Department of Animal Sciences and Fishery, Faculty of 
Agriculture and Food Sciences, Universiti Putra Malaysia 
Bintulu Sarawak Campus, 97008 Bintulu, Naybau Road, 
Sarawak, Malaysia 
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Email: hena71@yahoo.com

The coastlines of Bay of Bengal are highly productive 
in terms of nutrient input, which promotes the coastal 
living resources. These coastal areas comprised of 
variety of aquatic macrophytes i.e., seagrass which grow 
in the intertidal and littoral zone. The coastlines and 
estuarine coastal water logged areas of Bay of Bengal 
harbor at least five species of seagrass; Halodule univervis 
(Forsskal) Aschersons, Halophila decipiens Ostenfeld, 
Halophila beccarii Ascherson, Ruppia maritima Linnaeus, 
Halophila pinifolia (Miki) den Hartog. The earlier two i.e., 
H. univervis and H. decipiens were reported nationally, 
but not reported globally. The rests were recorded in 
2006 during the investigation of coastal and estuarine 
resources in the northeastern area of Bay of Bengal, 
Indian Ocean. The seagrass, H. beccarii (Ascherson) was 
found in the intertidal area and riversides. Seagrass H. 
beccarii was found in an accreted area and co-existing 
with mangroves (Avicennia alba and A. marina), salt marsh 
grass, and scattered sparsely in the estuarine habitat and 
macro-algae Ulva intestinalis. Seagrass R. maritima was 
recorded in the aquaculture ponds and water logged 
areas while H. pinifolia was found patchily in the sandy area 
of Saint Martin’s coral bearing reef at the south tips of 
the country near Myanmar. The ecological, morphological 
and ecosystem significant of these seagrasses were 
discussed and assessed. The future research activities 
and strategic approaches are needed to conserve and 
manage this important resource in the coastal area of 
Bay of Bengal is been proposed. 

Keywords: seagrass, biodiversity, ecology, Bay of Bengal, 
Indian Ocean
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The coastal and marine environments of the ESA EO4SD 
(Earth Observation for Sustainable Development) 
regions of focus (Caribbean, West Africa, Western Indian 
Ocean, Northern Indian Ocean and East Asia Pacific) are 
rich and diverse, possessing high levels of biodiversity 
and productivity. These ecosystems are subject to 
climatic and anthropogenic pressures, which affect 
both the resilience of living resources and the services 
derived from them. Coastal locations have always 
been important sites of human settlement and today 
a substantial and increasing proportion of the world’s 
population are vulnerable to marine flooding and coastal 
erosion, putting communities, essential infrastructure and 
economies at risk. Additionally, for countries to benefit 
from growing Blue Economies, they must understand 
the available resources and have the tools to monitor 
and manage them effectively. Robust environmental 
information for the coastal and marine areas in many 
of these regions is sparse. This is due to the difficulty of 
collecting data in these locations, due to the problem 
of access (lack of road infrastructure or suitable survey 
vessels), difficult terrain and the vast areas to be covered. 
Earth Observation (EO) is a vital tool in the journey 
towards more effective management of the coastal and 
marine environment. EO4SD is an ESA initiative aiming 
to achieve a step change in the uptake of satellite-based 
environmental information by International Financing 

Institution (IFI) regional and global programmes. The 
UK’s National Oceanography Centre is working with a 
consortium of seven European organisations, over three 
years, to deliver EO services in the Marine and Coastal 
Resources Management thematic area: EO4SD-Marine. 
The project, initiated in mid-2018, is working with a range 
of IFIs (World Bank, Asian Development Bank, Inter-
American Development Bank and African Development 
Bank) and their Client States, to define and implement 
a large-scale demonstration of the application of EO-
derived information. Activities include: 
• Strategic planning, communication and stakeholder 

engagement to define user needs 
• Design and implementation of demonstration 

marine and coastal EO information services 
• Robust delivery and upscaling of a cluster of 

streamlined ‘satellite to user’ services in partnership 
with key stakeholders 

• Capacity building and mainstreaming to enable 
continued use of marine EO data beyond the 
timescales of this project 

• Impact evaluation and implementation review 

EO4SD-Marine will deliver a range of services under four 
themes: Hydrographic information; Coastal Environment 
(from both land and water perspectives); Surveillance and 
monitoring; and Information to support the Blue Economy. 
The expertise for delivery of the required EO services is 
drawn from leading institutes, companies and individuals 
working in satellite oceanography, leveraging existing 
projects and activities wherever practicable. The project 
will provide improved capability for accessing robust 
evidence-based information to underpin sustainable 
development and management activities. This capability 
will help partner countries to build a resilient marine 
and coastal socioecological system, and support their 
growing Blue Economies. EO4SD-Marine will support the 
attainment of Sustainable Development Goals (SDGs) in 
several respects. It is particularly concerned with Goal 14 
Conserve and sustainably use the oceans, seas and marine 
resources for sustainable development, providing services 
for, inter alia: aquaculture site selection; Marine Protected 
Area planning and management; fisheries surveillance; and 
marine pollution detection and monitoring. In addition 
to supporting attainment of SDG goals, some of these 
services are aligned with SDG indicators and can be used 
in the monitoring of progress towards their realisation. 
For example, the monitoring of water quality through 
chlorophyll concentration can be used towards the 
provision of an index of coastal eutrophication (SDG 
indicator 14.1.1). 

A large element of EO4SD-Marine is capacity building 
to enable local actors to access and use EO data 
independently, following completion of the project. 
This also supports the SDGs, specifically: Goal 9 Build a 
resilient infrastructure, promote inclusive and sustainable 
industrialisation and foster innovation and Goal 13 Take 
urgent action to combat climate change and its impacts, 
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by addressing targets 9.5.2 and 13.b.1, increasing the 
number of researchers and raising capacities for planning 
and management. 

Here we present an overview of project implementation, 
including the strategic approach and details of the 
portfolio of services. These will be linked to SDGs and 
the wider role EO can play in the upcoming UN Decade 
of the Oceans. 
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Background 

C-RISe, the Coastal Risk Information Service, is a three-
year project funded by the UK Space Agency (UKSA) 
International Partnership Programme (IPP). The project 
is, in a partnership between the UK, Mozambique, 
Madagascar, Mauritius and South Africa, is delivering 
access to satellite derived information on sea level, wind 
speed and wave heights in the Western Indian Ocean 
Region. 

C-RISe has three main objectives, to: 
• Deliver a Coastal Risk Information Service, 

providing satellite-derived information about coastal 
vulnerability to environmental threats such as sea-
level rise and extreme wind and wave events.

• Apply and evaluate the C-RISe service through a set 
of Use Cases, applying the C-RISe products to end 
use applications meeting local priorities. 

• Build local capacity to use satellite data for strategy 
development, governance and management of coastal 
areas to increase resilience to coastal hazards. 

The project has explored pathways for translating 
scientific earth observation data into social and 
economic impact, building the capacity to use satellite 
observations amongst local users. Through use of the 
data by NGOs, research organisations and government 

agencies, the project has sought to make a contribution 
to Sustainable Development Goal target 1.5, which aims 
to “…build the resilience of the poor and those in 
vulnerable situations and reduce their exposure and 
vulnerability to climate-related extreme events...” The 
aim is to facilitate the uptake of satellite observations 
(through access and training) in the context of 
coastal development in the partner countries. Project 
delivery is in three phases: Preparation; Delivery; and 
Review and Roadmap. C-RISe has now entered its final 
phase, which includes the evaluation of the project 
and the implementation of a sustainability plan to 
ensure the success of its outputs into the future. This 
presentation will examine the success of the project 
to date, describing the monitoring and evaluation 
methodologies, summarise key findings, and highlight 
successes and key points of learning for future work. 

Method 

Various measures have been put in place to allow us to 
assess the success of the project, both during and at the 
end of the project. These measures include a logframe 
and cost effectiveness assessment (CEA). A Sustainability 
Plan will help consolidate the success of the project. 
The logframe was devised at the start of the project to 
measure project outputs, outcomes and impacts against 
initial targets and is reviewed annually to assess progress. 
The CEA, carried out midway through the project and 
following completion, operates by comparing the cost 
of the project against possible alternative methods 
for acquiring and disseminating the data. Sustainability 
Planning is an ongoing process through which it is ensured 
that the benefits of the project continue after the UKSA 
grant funding expires and project implementation ends. 
This is achieved by working with the relevant local and/or 
regional operational bodies so that they can themselves 
implement the deployed solution, with continued 
support from the C-RISe team as necessary, in a manner 
that it continues to operate and generate impact beyond 
the lifetime of the project. 

Results 

The logframe results indicate better than anticipated 
results in several areas, particularly in capacity building 
in the region through training courses made available 
to a range of local organisations. For example, several 
researchers who have not previously worked with 
satellitederived information are now using this in their 
work. By the end of 2018, 68 individuals had attended 
training courses in Madagascar and Mozambique, against 
our initial target of 20. Additionally, there was a very 
high level of engagement from the local project partners, 
which resulted in data provided being put to a wider 
range of uses than initially anticipated. The project 
delivered over six times the number of Use Cases 
envisaged at the outset. Initial calculations from the CEA 
suggest that the C-RISe is approximately one third of the 
cost of alternative methods of collecting and delivering 
comparable data sets. 
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Conclusion 

C-RISe, in partnership with a wide range of local 
organisations, has achieved (or exceeded) many of 
the initial project targets. The project has been shown 
to be cost effective and we are now working towards 
maintaining the project outputs and increasing impact. 
C-RISe is funded by the UK Space Agency under the 
International Partnership Programme. The UK Space 
Agency’s International Partnership Programme (IPP) 
is a five-year, £152 million programme designed to 
partner UK space expertise with overseas governments 
and organisations. It is funded from the Department 
for Business, Energy and Industrial Strategy’s Global 
Challenges Research Fund (GCRF).
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Background

Mangroves provide habitat for marine and terrestrial 
organisms. In addition they provide ecosystem services 
to human beings, and are one of the most valuable and 
productive marine ecosystems on Earth. Mangrove 
degradation and deforestation has risen by 35% in the 
past 20 years in Kenya due to overexploitation, coastal 
pollution, and land conversion for coastal aquaculture 
and agricultural. While the effects of complete mangrove 
destruction and conversion are well studied, there is 
little knowledge of patterns of degradation i.e. thinning 
of mangrove cover, reduction in forest quality, species 
composition and its consequences upon marine 
biodiversity. This study aimed at assessing mangrove 
ecosystem functioning along a forest degradation gradient 
by focusing on the capacity of forests to deliver habitat for 
biodiversity. The objectives included assessing mangrove 
forest structure and quality across sites, a comparison 
of environmental parameters across different grades of 
forest degradation to examine possible fluctuations and 
determining the effects of degradation on the abundance 
and diversity of macro-epibenthos. 

Methods

After conducting reconnaissance, thirty plots of 10x10m 
were established along the proximal zone between 
Gazi bay and Vanga. At each plot tree height (m), tree 

density (ind./m2), canopy cover (%), stem diameter at 
breast height (DBH) at 130cm above ground level, and 
number of cut stems were measured, with stems below 
10cm DBH excluded . The height was recorded using 
a 4.8 m telescopic pole with tape markers at 25cm 
intervals. Allometric equations were used to estimate 
the above ground biomass of trees (AGB). Light intensity 
was calculated as a proxy of canopy openness using 
hemispherical fisheye photographs. Within each plot, four 
pictures were taken during the forest measurements with 
a fisheye lens attached on a NIKON D3100, mounted 
on a tripod 1m above ground, vertically upward from 
beneath the canopy. in situ soil temperature at 3 different 
sites within the plot 10cm into the ground and salinity of 
the water were taken, while air temperature was gained 
from the closest point outside the trees canopy. Triplicate 
sediment cores were taken each time for sediment 
physical characteristics. Soil salinity was measured in the 
laboratory after samples were centrifuged and salinity 
extracted. Sediment grain sizes were estimated by 
using the Mastersizer 3000 laser particle size analyser. 
A multiparameter was used to acquire Ph and Eh 
redox potential to measure the reducing power which 
provided a degree of anaerobiois or anoxia in the soil. 
Macrofauna sampling was performed during spring low 
tide and divided into visual counting and crabs burrow 
counting techniques. Crustaceans were counted using 
randomly selected quadrats located within the 10x10 
plot, with each quadrat established prior to observation. 
One to three quadrats per plot were used for Seasrmid 
and Uca spp. according to the distribution evenness i.e. 
large variable distribution = 2 to 3 quadrats, invariable 
= 1 quadrat. Density (ind./m2) of crabs was performed 
by counting burrows. Visual counts were made with 
7* 35 magnification binoculars from a distance of 3.5 
m. Binoculars counts of the species was performed to 
identify species and relative counts per species. Crabs 
within quadrats were counted after observers remained 
motionless for 15-30 min. This was done when the 
tide had receded, with counts being performed for 15 
minutes. Other epifauna e.g. molluscs were sampled and 
identified in situ. 

Results

A significant differences in forest quality: biomass 
(ANOVA df=2 F= 3.603, p <0.05),cut stems (ANOVA, df 
=4, F= 1.798, p <0.05), stumps (ANOVA df=4, F= 1.139, p 
= 0.37) was found. A total of 12 macro-epifauna taxa were 
recorded from all the sites, with natural sites showing all 
the 12 taxa. Macrofaunal diversity (H’) and evenness (J’) 
varied significantly between study sites, with no significant 
changes at smaller spatial scales. The highest epifauna 
density was recorded in the natural site (235±406 Ind./m²) 
whilst totally degraded site recorded the lowest density 
(37±111 Ind./m²). Grapsidae and Ocypodidae spp. were 
the most abundant taxon in the natural sites, whereas 
degraded sites accounted for 50% and 60% of the total 
densities. There were significant differences in Gastropods 
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densities within sites (ANOVA, df = 3, F = 26.36, p 
<0.05), with the natural sites showing significantly higher 
densities of macrofauna than all the other sites (Tukeys 
HSD, p <0.05). Differences in assemblage structure were 
highly pronounced between natural mangrove forests and 
impacted sites (ANOSIM, R = 0.329, p <0.01). 

Conclusion

Since macrofauna strongly play an important ecological 
role assisting in flushing toxic substances and modifying 
the oxidation status of the sediment in addition to being 
source of food for vertebrate predators and inshore fishes, 
these finding indicate that mangrove degradation could 
have important consequences in mangroves and adjacent 
ecosystems and functions. With data confirming the 
hypothesis that a consistent decrease in macro-epifauna 
density occur along a degradation gradient, it is crucial to 
address the role of mangroves habitat provisioning and to 
limit the consequences of habitat degradation upon the 
ecosystem functioning and services. 

Keywords: Macrofauna, degradation, conservation, 
ecosystem, biodiversity, ecosystem functioning
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Background 

The shrimp Parapenaeopsis sculptilis is considered an exotic 
species in the Mozambique coast, which was first recorded 
in 2013 in the Púngue estuary in Sofala, and later in other 
locations of same province as well as in Nampula and 
Zambézia. The rainbow shrimp P. sculptilis is frequently caught 
in artisanal and semi-industrial fishing fleets and is known 
to compete for food and space with other native shrimp 
species by colonizing a wide niche. Nevertheless, some 
species succeed in colonizing new environments, becoming 
effectively epidemic that causes ecological disequilibrium. 
To support any management initiative of the fishery of this 
penaeid, the present study aimed to study the structure of 
the population, the reproductive cycle and growth pattern 
of P. sculptilis landed in the major fishing centre of Zambézia 
Province. 

Methods

The study was carried out at Zalala Fishing Centre, 
Zambézia Province in Mozambique (17º 49’50.94’’S and 
37º 30’ 07’46.99’’E) from November 2016 to October 
2017. Sampling took place every each other month, with 
exception of the fishing closed season months (January 
and February) as samples were bought from fishermen. 
Approximately 150 individuals were sampled monthly 
and weight and carapace length were individually taken. 
Class sizes were defined for separated sex due the high 
dimorphism in the species. Also, sex was identified based 
on observations of secondary characteristics of the species 
and maturation stages defined according the colour of 
gonads. The length of first maturity was determined and 
growth parameters estimated using ELEFAN I on FISAT II 
(FAOICLARM Fish Stock Assessment Tools). 

Results

A total of 1299 individuals of Parapenaeopsis sculptilis 
were analysed , being 382 males and 917 females, which 
resulted in a sexual proportion of 1:3 (male: female) 
differing (p <0,05) from the expected 1:1. The most 
frequent carapace length (Lc) class size was ]19- 23] 
mm for males and ]28-33] mm for females which were 
recorded in June and December, respectively, while the 
less frequent was composed by individuals measuring ]9-
13] mm and was recorded in for both males and females 
in March. The growth of P. sculptilis landed at Zalala was 
allometric negative for both sexes and the maturation 
of this penaeid was continuous throughout the sampling 
period. The females attained the sexual maturity at 8.46 
mm of Lc. The von Bertalanffy growth function was Lc 
= 65.1 [1- e -0,11 (t - 0,412)] for females and Lc= 29.40 
[1- e -0.53 (t - 0,140)] for males. 

Conclusion

The population of Parapenaeopsis sculptilis landed at 
Zalala fishing centre in Zambezia followed a unimodal 
distribution of carapace length with majority of shrimps 
at Lc of ]19-23] mm. This study showed that females 
grow faster than males. This population shows similar 
pattern observed in other studies where the maturation 
of females is continuous and the sex ratio differed 
from the 1:1, with higher occurrence of females. The 
exotic shrimp P. sculptilis is being observed in new areas 
along the Mozambique coast, thus we recommend that 
future studies include the trophic relations and stock 
assessment. 
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The Antsiranana Bay (North of Madagascar) is subject 
to a serious problem of marine pollution due to the 
increase of wastewater coming from various sources 
such as industries, hotels, hospital, ... .etc. The bay has 
great potential for artisanal fishing as it supplies the 
population of the city of Diego-Suarez and other 
surrounding municipalities. This study was conducted 
in November of 2017 as part of the fight against spills 
of wastewater and plastic waste in the bay. This study 
concerns the modeling of the diffusion of wastewater 
pollution in the Bay of Diego-Suarez, hence the idea of a 
numerical study to understand the different phenomena 
that govern the dispersion of pollutants and to predict 
the level of degradation. the quality of its waters and 
its fisheries resources. This process is studied using the 
advection and continuity equation, which expresses the 
principle of mass conservation of a fluid in motion. A 
Fortran calculation code was made by viewing the 
results by Origin at two-dimensional (2D), the objective 
being to validate the chosen calculation model and the 
boundary conditions used to evaluate the risks caused by 
marine pollution. After the tidal conditions were met, the 
results showed that the wastewater dispersion occurred 
at 14 days in the bay. This makes it possible to consider 
setting up direct monitoring of sea quality, establish an 
early warning system in the future and greatly improve 
knowledge of the state of coastal waters. 

Keywords: Antsiranana Bay – Marine pollution 
– Advection and Continuity equation - Modeling – 
Fortran 
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Human activities over the past decades have resulted 
in enhanced pressure and degradation of the marine 
ecosystems in most of the world oceans. The Western 
Indian Ocean (WIO) has witnessed changes (such human 
population growth (Obura et al, 2015) leading to growth 
of urban centres, mining (coastal and offshore), oil and 
gas exploitation). WIO region (Fig 1) is endowed with 
diverse near shore ecosystems such as mangroves forests, 
seagrass beds, coral reefs, sandy beaches, mud flats etc 
(Fig 2). The increased human population that is reliant on 
coastal resources (Fig 3), the proximity and accessibility 
of these ecosystems has rendered them vulnerable to 
degradation (Fig 4). Impacts on the coastal environments 
such as pollution are likely to be transferred to offshore 
areas and yet this connectivity has not studied. In addition, 
other multiple ocean stressors related to climate change, 
dispersal of pollutants, ocean acidification, temperature 
rise and increased anoxia do severely impact the ocean 
and compromise the health and sustainability of these 
ecosystems. In such context, providing detailed records 
of human biogeochemical impacts in the WIO over the 
last 2 centuries is a key approach to establish the “pre-
Anthropocene” baseline from which ecosystems have 
been impacted. Such pre-Anthropocene baseline is the only 
way to establish pertinent policies and socio-economic 
strategies for improving significantly the sustainability 
and health of WIO ecosystems. The main objectives of 
the research initiative will be to collect and generate 
data and information to answer questions related to i. 
Chemical state (temperature, pH, oxygen, nutrients, etc) 
ii. Biological assessments (fisheries, pelagic and benthic) 
iii. Past climate and environmental documentation of pre 
and post-human perturbations iv. Develop human capacity 
The study will involve coastal and off-shore sampling along 
transects identified (at river mouths, cities and other 
settlements) in each of the WIO countries (Fig 5). Physico-
chemical, biological and sediment samples and data will 
be collected from different depths along the transect. 
Appropriate methodologies for sampling, data collection 
and laboratory analyses will be identified and adopted to 
enable comparative studies in the region Training of staff 
and students (postgraduate). We intend to produce peer-
reviewed publications and also translate knowledge to 
policy briefs in partnership with relevant stakeholders.
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Invertebrate harvesting is an activity carried out in the 
intertidal zone during the ebb tide. It is practiced mainly 
by women and children of both genders. The need to 
increase family income in the coastal community of 
Pemba has led to the involvement of children in this 
activity, to the detriment of class attendance. This study 
aims to evaluate the impact of invertebrate harvesting 
on the educational performance of children in Chuíba, 
a peri-urban area of Pemba city. The qualitative 
observation method of 32 children was used for data 
collection. The samples were taken on the beach for 
information about children’s school attendance and their 
role in invertebrates harvesting. A pedagogical survey 
was also carried out in the school, to compare the 
quarterly educational performance of the children who 
practice the activity with those who did not practice 
it. The Manny-Whitney test was used to compare the 
children’s quarterly grades, and a correlation coefficient 
was calculated to relate the educational performance 
to invertebrate harvesting. This study showed that the 
main role of children in this activity is the collection of 
invertebrates in the substrate, and that their catches 
are low in relation to adults. In general, the educational 
performance of children who practice invertebrate 
harvesting did not differ significantly from those who do 
not practice it. Probably because of their teachers help in 
assigning grades or to the low quality of teaching which 
can be due to teacher-student ratio and inefficient means 
of teaching that can lead to low educational performances 
affecting all of the classes. However, there are still many 
other variables to be studied in order to further expand 
our understanding of the impact of this activity on the 
educational performance of children. For example, the 
socio-economic profile of families of children involved 
in the invertebrates harvesting. Therefore the negative 
influence of this activity on pedagogical performance has 
only been verified in part. 

Keywords: Invertebrates harvesting; Educational 
performance; Pemba; Mozambique.

POSTER
Land base pollutions, consequences & recovery 
processes of a fringing reef (St Leu, Reunion Island) 
using Reef Check methods 

A. GUERBET, L. FRÉCHON, J-P. QUOD 

Reef Check France, 14 bis rue de Baricot, 33170 
Gradignan, France 

Email: reefcheckfrance@gmail.com

Fringing coral reefs of Réunion are particularly vulnerable 
to land based pollutions, including terrestrial material. 
On the west coast of the island lies Saint-Leu city, which 
population grew up strongly during the last decades. 
Cyclones are the main cause of heavy rainfall washing 
soils and transporting in the watershed sediments to 
the coral reefs lying close to the city. Despite regular 
cyclone events in Reunion, some were particularly 
serious, especially in 1948 and 2014. In april 2018, a 
severe & intense rainfall (exceeding 200 mm in less than 
12 hours) conducted to a new pollution of the ocean 
mud ,by mainly affecting the north part of the lagoon. 
Live coral colonies turn then from brown to white and 
large surfaces died. Here, we surveyed during the year, 
this event consequences, by assessing the health status of 
six existing monitoring stations part of the Reef Check 
network. A muddy coastal zone was observed in the 
Saint-Leu lagoon, mainly originating from a gully located 
in the north of the lagoon with suspended sediments, 
covering most of the corals present in that location 
and also in the rest of the lagoon, due to transport by 
local currents. One year after, mud appears to be still 
occurring on the floor of some sites, covered by a thin 
layer of sand. Regarding one of the well-known resorts 
of western Reunion (Saint-Leu), the coral cover has in 
fact decreased in our emblematic site of La Corne from 
60 to 4%. Such high turbidity events are very stressful 
conditions for coral reefs in acute and chronic phases. 
Longly studied by scientists, the Saint-Leu lagoon is also 
regularly monitored by volunteers of the Reef Check 
program, using fast and robust methods (4 transects of 
20m, equivalent to 400 sqmeters). In the context of our 
study, regular monitoring of the reefs by the long-term 
Reef Check method, before and after these degradations, 
made possible to highlight the progressive recovery of a 
large number of colonies at certain sites, while others 
sites suffered significant mortality. This same method is 
used in the shorter term on one of the predominantly 
whitened sites, and makes possible to estimate the trend 
of the health status of the corals in this zone. Surprisingly, 
the results show that sites furthest from the ravine (arrival 
of sludge) are not the ones that recover the best, quite 
the contrary. This suggests that other sources of pollution 
also impact the lagoon in addition to mud. This synthesis 
also summarizes the geographical and biological factors 
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that determine the resilience of coral reefs to chronic 
degradation. Previous scientific studies performed in the 
same place have suggested a recovery time of habitats 
in about 10 to 15 years. The obvious impact of these 
disturbances on the associated ecosystems highlights the 
importance of better management for the preservation 
of these marine habitats. From this study, it can be 
concluded the following points: - The coral reefs of St-
Leu undergo major disturbances related to mudslides, 
but also to anthropogenic pollution which, several 
months after the passage of the cyclone, continues to 
cause mortality of coral reefs. - The location of colonies 
in the lagoon, related to the morphology, seems to play 
a crucial role in the recovery process. A better recovery 
is observed near the entrance of the pass, favored by the 
continuous renewal of seawater. Perspectives are now to 
assess regularly the health status on the local monitoring 
network, according Reef Check protocols, with too a 
special emphasis on coral recovery (coral recruitment 
processes and coral specific richness, associated fish and 
invertebrate’s population) and finally in order to provide 
help for decision-making to managers of Réunion coral 
reefs as such event may occur again.

ORAL – Wednesday, LT2, 1720
Seagrass Mapping in Gazi Bay, Kenya. 
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Global climate change as a consequence of increasing 
anthropogenic emissions is one of the most contested 
yet more pervasive threats to marine ecosystems. 
However, the ocean’s ability to sequester and store 
significant amounts of carbon due to coastal ecosystems 
collectively labeled “coastal blue carbon ecosystems” 
makes it possible for us to mitigate this problem. Of 
particular interests are seagrass meadows, which are 
recognized as important carbon sinks reported not only 
to trap and store organic carbon generated within the 
seagrass beds but also to trap and bury allochthonous 
carbon. Nonetheless, seagrass beds are the least studied 
blue carbon ecosystems currently threatened to further 
decline due to climate change drivers. A possible way 
of seagrass protection would be to access the carbon 
financing similar to that applied in mangroves. Prior to 
establishing a carbon project involving seagrass meadows, 
there is needed to map and assess carbon baselines. This 
study takes advantage of the free and open access Landsat 
data from1987 to 2017 for seagrass bed in Gazi Bay 

(Kenya). Processing of data involved: sunglint correction, 
water column correction for light attenuation with 
depth and image classification using ISODATA method. 
Overall the seagrass beds in the bay have declined by 12 
hectares in a period of almost 10 years giving a loss rate 
of 1.1%. The causative factors of loss and degradation 
of seagrasses in Gazi have been identified as destructive 
fishing practices, shoreline change, and sedimentation. 
The results of this study are used to establish stable 
areas within the seagrass beds with the assumption 
that they will result in long term storage of carbon and 
therefore can be protected as suitable areas for a carbon 
offset project. This study identified three areas of 3km2 

within the bay as proposed area for the extension of 
the present mangrove carbon trading project (Mikoko 
Pamoja) in Gazi Bay. 

Keywords: Seagrasses, mapping, carbon sequestration, 
Gazi Bay. 
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Seagrass meadows play key ecological and economic 
roles. Their value has been estimated to be $1.9 trillion 
per year in terms of services provided to mankind. 
Despite their small size and relatively smaller seabed 
coverage their carbon sequestration potential estimated 
at 48–112 Teragram of carbon per year (Tg C yr–1) is 
comparable to terrestrial forest (53.0 Tg C yr–1 for 
temperate, 78.5 Tg C yr–1 for tropical, and 49.3 Tg C 
yr–1 for boreal forests). Seagrass meadows have suffered 
massive destruction mainly due to human disturbance. 
Their population is estimated to be declining at a rate of 
7% per annum. In Mauritius, the value of seagrass is poorly 
understood and this hampers a proper conservation and 
sustainable use of this marine resources. Believed to 
harbour injury-causing organisms and to bring unaesthetic 
value to bathing areas in lagoons, seagrasses are usually 
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removed by the tourism industry. The first objective of this 
study was to assess and compare the status of seagrasses 
in two contrasting lagoons of Mauritius, one which is 
heavily used and under much anthropogenic pressure 
from tourism activities, that is Mon Choisy on north-west 
coast of Mauritius, and one which is a voluntary marine 
conservation area (VMCA), that is Roches Noires on 
north east coast of the island. The second objective was 
to estimate the carbon sequestration potential of these 
marine plants. The study was done during the period 
October 2018 (late winter) to January 2019 (summer) at 
both sites, Mon Choisy and Roches Noires. An area of 
100m * 50m was randomly chosen as study area at both 
sites. Four (50m) line transects were laid perpendicular 
to the shoreline. The point intercept within a quadrat 
method was used to assess the occurrence, cover and 
distribution of the seagrasses. Each seagrass species found 
in both lagoons were sampled in triplicates using a corer 
of 10cm diameter. The above-ground (AG) biomass and 
below-ground (BG) biomass were recorded for each 
species in terms of wet (WW) and dry weight (DW) 
in the laboratory. The organic carbon content of each 
species were assessed using a CHNS organic elemental 
analyser (Euro EA CHNS, 2013). The seagrasses occurring 
at Mon Choisy, Halophila ovalis, Halodule uninervis and 
Syringodium isoetifolium , had a total mean cover of 0.280 
ha (56%) and was dominated by Syringodium isoetifolium, 
which had a mean cover of 0.240 ha. The species present 
at Roches Noires, Halophila ovalis, Halodule uninervis, 
Syringodium isoetifolium and Thalassodendron ciliatum, had a 
total mean cover of 0.385 ha (77%). Roches Noires was 
mostly dominated by Syringodium isoetifolium (mean cover 
of 0. 242 ha) and Thalassodendron ciliatum (mean cover of 
0.094 ha). Overall, the total mean cover of seagrasses was 
found to be 21% higher at Roches Noires than in Mon 
Choisy. The total cover was also higher for all species in 
summer as compared to winter. The highest biomass was 
recorded in Thalassodendron ciliatum (579 g DW m –2 in 
summer, 558 g DW m–2 in winter at Roches Noires) and in 
Syringodium isoetifolium (176 g DW m–2 in winter and 115 g 
DW m–2 at Mon Choisy and 152 g DW m–2 in summer and 
141 DW m–2 at Roches Noires). The highest percentage of 
carbon content was found in Syringodium isoetifolium (29. 
1%±3.0 at Mon Choisy and 41. 8%±2.1 at Roches Noires) 
and in Thalassodendron ciliatum (37.4%±11.5 at Roches 
Noires). Results of this study indicate that seagrasses at 
Roches Noires VMCA had a higher coverage and carbon 
sequestration potential than Mon Choisy site. This suggest 
that a conserved area is more prone to harbour a larger 
coverage of seagrasses with higher carbon sequestration 
potential. Considering the need to find mitigation 
measures to the growing problem of climate change, 
seagrasses should be further studied and more emphasis 
should be put on their conservation. 

Keywords: carbon sequestration, cover, conservation, 
seagrasses, 
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Satellite image could provide much information of earth 
surfaces in a large scale in a short time, thus saving 
time. With the evolution and development of sensors 
providing satellite image, resolution of object captured 
enhanced with advance image processing techniques. 
Mangrove forests are well-known for their provision 
of ecosystem services and capacity to reduce carbon 
dioxide concentrations in the atmosphere. Mapping 
and quantifying mangrove deforestation is useful for the 
effective management of these forests and maximizing 
their ecosystem service performance and prediction. 
The objectives of this research were to 
1. Investigate whether anthropogenic activities 

are causing the impact on the declining of the 
mangrove forest at Mngazana. 

2. Test the use of biophysical parameters in mapping 
and monitoring Mngazana mangrove forest. 
Between 2008 and 2018 

The biophysical parameters used included NDVI, SAVI 
and LAI. ASTER 1LB images were used in concurrence 
with Maximum Likelihood Classification and Accuracy 
Assessment. The Study area included 3 types of 
mangroves Avicenna marina, Bruguiera gymnorrhiza and 
Rhizophora mucronata. All these 3 types were identified 
in the field and image segmentation was used to identify 
these species together with image classification. The over 
classification accuracy for 2008,2009,2016 and 2018 
is 77.7%, 82.3%, 85.0% and 89.5% respectively it’s only 
these years that the satellite image was able to cover. The 
result from biophysical parameters calculation showed 
that the forest was growing and that anthropogenic 
activities are not only targeting at mangroves alone but 
other species that are within that mangrove forest.
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Background 

Recent studies have shown that relocation of seaweed 
farms from shallow water to deeper water environments 
reduced the risk of’ ‘ice-ice’ syndrome on these seaweeds 
thus improving their growth rate and biomass (Msuya et 
al., 2014). However the studies have not been specific on 
the best culture technique for adoption in deep water 
environments. Recognizing the fact that seaweed biomass 
production could also be affected by other factors such 
as the wind patterns (Hurtado et al., 2001) and water 
quality (Msuya et al., 2014), the present study determined 
the growth rates of E. denticulatum and K. alvarezii cultured 
using two deep water culture techniques (floating raft 
(FR) and modified off-bottom (MB) in the southern coast 
of Kenya. The impact of these factors on farmed seaweeds 
was also investigated. The results from the study were 
critical in enhancing seaweed production strategies with a 
focus of formulating sustainable national seaweed policy in 
Kenya for greater economic growth 

Materials and methods 

Study sites 

The study was conducted for ten months in the intertidal 
areas near Kibuyuni (4.38S, 39.20E) and Mkwiro villages 
(4.40S, 39.23E) in the southern coast of Kenya. The two 
sites had been referenced as suitable seaweed faming 
sites (Wakibia et al 2006). The climate in the southern 
coast of Kenya is influenced by northeast monsoon 
(NEM) winds which blow from the northeast between 
December and March (kaskazi) and southeast monsoon 
(SEM) winds blowing from the southeast between May 
and October (kusi).The two seasons significantly affect 
the chemical and physical conditions of coastal waters 
(McClanahan, 1988). 

Materials, cultivation techniques and growth 
experiments 

The FR and MB techniques used were modified from 
those described by Lirasan and Twide (1993) with 
modifications.The FR technique consist a floating 
bamboo raft (4 x 5 m2) anchored to the bottom of a 
deep lagoon (5m at low tide) by a polypropylene rope 
(10 mm diameter) and a 100 kg weight.The MB technique 
consisted mangrove poles (6cm diameter) and (7 m 
long) driven into the seabed, held upright at 6 m above 
ground. A metal ring was locked around the length of 
each pole at 20cm above the seabed. On the uppermost 
part of the pole a small wooden block was nailed to 
the pole.These rings connect the polypropylene ropes 
from one pole to the other.Three-1 Litre empty plastic 
bottles were attached to each of the stocked ropes 
to enhance buoyancy. Seedlings of both species were 
obtained from seaweed farms at Kibuyuni and Mkwiro. 5 
similar ropes (6mm diameter and 5m long) were stocked 
with 25 seaweed cuttings of 50-80g seed densities using 
‘tie-ties’ and 3 empty ropes were used as controls in 
each culture technique. A completely randomized design 
(CRD) was adopted to assign 13 stocked ropes in each 
of the 2 culture techniques at each site. After 30 days 
of culture the number of missing seaweed cuttings, ‘ice-
ice’ syndrome, grazed and macro epiphyte infested thalli 
were visually counted in each monoline before they were 
weighed using spring balance (Satorius Model, Germany). 
These numbers were computed as a percentage of the 
original number of cuttings on the entire rope. Young 
thalli from every harvest were used for the next growing 
cycle with experiments being repeated monthly from 
September 2015 to June 2016. The mean relative growth 
rate (RGR) expressed as percent increase in wet weight 
(wt) per day was calculated according to the formula by 
Wakibia et al., (2006): RGR = [(wt/wo) 1/t –1] × 100%, 
where, wo = average wet weight of seaweed cutting at 
day 0; wt = average seaweed cutting wet wt at time t and 
t = time intervals (days). 

Plant tissue analysis 

After the final growth of seaweeds culture, 200 g of wet 
seaweed was measured, sun dried for one day, then oven 
dried at 40ºC to a constant weight for the determination 
of total nitrogen (N) and phosphorus (P) content. 
Procedures described by National Council for Air and 
Stream Improvement (NCASI) method TNTP-W10900 
(NCASI, 2000) was used. 

Environmental parameters 

Air and water temperature were measured monthly 
by a clinic, max/min. thermometers and salinity by a 
refractometer (Atago model, Japan), water motion by 
Plaster of Paris (POP) balls, Doty 1971, and water nitrate 
and phosphates by Parsons et al., (1984). 
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Data analysis 

All data were analyzed using Microsoft Excel and 
Minitab 17 Statistical Software (2010). t- tests was used 
to determine significant differences in relative growth 
rates between species, sites and culture techniques. 
Pearson’s product-moment correlation, determined the 
relationships between relative growth rates of cultured 
E. denticulatum, K. alvarezii in the two culture techniques 
and environmental factors (P <0.05). 

Results 

Seasonal variability in RGRs emerged during 10 months in 
both techniques and sites. RGRs were in the range of 0.9 
– 10.2% d ¯¹ for E. denticulatim and 0.3 – 5.7% d ¯¹ for K. 
alvarezii at Mkwiro and -0.2 – 7.3% d ̄ ¹ for E. denticulatum 
and -1.7 – 4% d ¯¹ for K. alvarezii at Kibuyuni. There was 
positive correlation of RGRs of both eucheumoids with 
diffusion factor and water nitrates and negative significant 
correlation with maximum water temperature,% plant 
loss,% ‘ice-ice’ syndrome,% epiphytic load and% plant 
loss. Percentage herbivory showed significant negative 
correlation only with RGR of K. alvarezii. No correlation 
was found between RGRs of both seaweeds with thallus 
N (%). Apart from the strong positive correlation found 
between RGR of E. deticulatum with diffusion factor 
all the other significant correlations were weak. There 
was no significant difference in diffusion factor between 
the two sites but biotic factors including% herbivory,% 
epiphytes and% ‘ice-ice’ syndrome were significantly 
higher at Kibuyuni than at Mkwiro (P <0.05). 

Conclusions and Recommendations 

Biotic factors including% herbivory,% epiphytes and% 
‘ice-ice’ syndrome were presumed to have fundamentally 
influenced variation in RGRs between Mkwiro and 
Kibuyuni. The RGR of 4.3±0.4% d ¯¹ by FR was 
significantly higher than 3.2±0.4% d ¯¹ by MB technique 
(P <0.05). Strong oceanic waves which were accompanied 
by loss of seaweed thalli in the MB technique at Mkwiro 
between April and June led to significantly higher RGR in 
the FR than in the MB (P <0.05). The higher percentage 
herbivory, epiphyte and susceptibility to ‘ice-ice’ 
associated with K. alvarezii than E. denticulatum in both 
techniques led to the former having significantly lower 
RGRs than the latter. The RGR of 4.5% d ˉ¹ and range 
of 0.3 - 9.2% d ˉ ¹ observed in the FR and RGR of 3.2% 
d ˉ ¹ and range of -1.7 - 10.7% d ˉ ¹ observed in the MB 
techniques suggests that the two culture techniques are 
suitable for improving the growth rate of K. alvarezii and 
E. denticulatum in Kenya thus improving their biomass. 
Further research on the stability of MB in deep water 
and accessibility of FR techniques is recommended prior 
to commercial adoption.
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Captured in the Mozambique Channel, in 2016 . 
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This work was carried out between April and December 
2016 on Sofala province, on board of the commercial 
vessels of the Pescamar Company, in order to evaluate 
the level of exploitation of the target species in the 
deep shark fishery. The gear used was the bottom gillnet 
with mesh size of 180 mm. The sampling consisted in 
addition to the collection of information of the resource, 
information of the fishing gear used and the fishing effort. 
From the samples collected was determined specific 
composition up to the species level. For the target Deep 
water shark species, sex, total length (TL) incm, and total 
weight (Wt) in grams were recorded. From that data 
were determined growth and mortality parameters and 
maturity. The target resource consisted of the species 
Centrophorus lusitânicus, Centrophorus squamosus, 
Centrophorus moluccensis, Centrophorus uyato, Dalatias 
licha and Daenia quadrispinosum. The estimated maximum 
age (longevity) recorded a minimum value of 34 years 
and a maximum of 121 years, on the other hand, the 
analysis of the length frequencies illustrates that all 
species were caught already adult or in the advanced 
phase of the life cycle, being considered that the fishery 
is sustainable. With the results and conclusions obtained, 
it is recommended to regularly monitor of the specific 
composition and extent the samples approached in ways 
to determine the seasonality of the resource. 

Keys words: Deep water sharks, Centrophorus 
squamosus, Dalatias licha, Centrophorus lusitanicus, 
Centrophorus uyato, Centrophorus moluccensis, 
Mozambique Channel. 
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Background 
Dugongs (Dugong dugon) have an extensive range across an 
estimated 140 000km of coastline of some 48 countries in 
the nearshore tropical and subtropical coastal and island 
waters of the Indo-Pacific and water temperatures of less 
than about 18°C have been suggested as the limiting factor 
in this range. Globally, this species is currently listed as 
‘vulnerable’ by the International Union for Conservation 
of Nature (IUCN). Although the East African population 
was found to be likely ‘endangered’, throughout much of 
its range this species is represented by relict populations 
separated by large areas where its numbers have been 
greatly reduced or already extirpated”. This is particularly 
true in the East African region, where the conservation 
future of the species is uncertain. In 1994, Cockcroft & 
Dutton (1993) suggested the waters of the Bazaruto 
Archipelago supported the last viable dugong population 
along the East African coast, and based on aerial surveys 
in the Bazaruto region, Dutton (1998) suggested that the 
population was declining rapidly throughout Mozambique 
waters (Marsh, et al., 2002). Although WWF-EAME (2004) 
suggested from aerial counts (of between 25 and 130 
individuals) between 1990 and 2002, that this population 
was declining, it should be noted that many surveys of 
the Bazaruto Archipelago population across this period 
are not directly comparable. The most comprehensive 
series of surveys of dugongs in the Bazaruto Archipelago 
region were those carried out by Findlay et al. (2011) 
which found dugongs to be distributed widely between 
the Save River Mouth and São Sebastião, and provided 
a population estimate of between 247 and 359 animals. 
This population probably represents the last viable dugong 
population within the Western Indian Ocean. The available 
information on dugong populations within the East African 
mainland coastal waters suggests declines across the 
region apart from Bazaruto archipelago up to 2007 and 
that dugongs within the coastal waters of the East African 
mainland have become restricted to small localized 
areas. This report reviews the historic distribution and 
abundance of the species in Mozambique, and compares 
contemporary (2017-2018) results from aerial surveys 
with the baseline from 2007-8. 

Methods 

Seven surveys were flown across Bazaruto archipelago 
region from 2017 to 2018. All surveys followed the 
perpendicular distance line transect methodology. All 
information pertaining to dugong sightings (including 
the group size, occurrence of calves in groups, and the 
vertical angles as measured at the time of the sighting 
abeam by a handheld inclinometer) was immediately 
recorded by the data recorder at the time of sighting. 
Perpendicular distances of dugong groups from the track 
line were calculated for sightings as d.tan (Ɵ), where d 
is the aircraft altitude at the time of sighting and Ɵ is 
the horizon minus the dip azimuth angle of the sighting 
from the horizon (measured at the time of sighting 
abeam by handheld inclinometer). The DISTANCE 
software (version 7.2) (Thomas, et al., 2010) was used to 
fit a hazard-rate model to the perpendicular distances 
grouped into 0.05 nautical mile intervals to give the 
sighting probability density function f(0) and its variance 
V[f(0)]. All the perpendicular distances of sightings, left-
truncated at 0.1nm due to the low detection probabilities 
directly under the aircraft, was used. This pooled sighting 
probability density function was initially applied to all 
surveys combined, to estimate abundance over the 
entire series of surveys. Given that the application 
of a generic effective search width (EDW) would bias 
results of the individual surveys (upwards under good 
sighting conditions and downwards under poor sighting 
conditions), a further set of analyses was performed on 
the data collected during the six surveys carried out 
under optimal sighting conditions, excluding the first 
survey that was carried out some days after a cyclone 
had hit central to southern Mozambique coast. 

Results 

A total of seven aerial surveys were carried out in 
Bazaruto archipelago region (from Cabo São Sebastião 
to Save River), with a total effort of 2.234 nautical miles. 
Primary sightings from the seven surveys were used to 
estimate density and abundance. The model that best 
fitted the perpendicular distance data was the hazard 
rate model, based on its minimum Akaike Information 
Criterion (AIC) value of 819.73. Pooled abundance was 
estimated at 187 individuals (CV = 32.21). Due the low 
count observed in the first survey, which could be due 
weather conditions, abundance was further estimated 
excluding data from the first survey. It was observed that 
there was an improvement of the model fitting (AIC = 
776.41) and pooled abundance estimate increased to 298 
individuals (CV = 41.23). Solitary individuals accounted 
for 49% of the sightings and the remaining 51% were 
of groups of two or more individuals (up to 8). Calves 
were observed in 14% of the total sightings. Group sizes 
of dugong sightings show the encountered groups to 
be in relatively small herds of less than eight individuals 
and located in shallow waters of less than 25m depth 
(although no accounting for effort distribution by depth 
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stratum has been carried out). Overall, most sightings 
were between 10 to 20 meters isobaths, but most groups 
with calves were observed between 0 to 10 meter. 
Most individuals were sighted (82.1%) outside the two 
conservation areas in the region (Bazaruto Archipelago 
National Park and Cabo São Sebastião Sanctuary). It 
was observed two apparent core areas of distribution, 
about 66.3% of the individuals were observed north 
of Inhassoro and 33.7% in the area further south of 
Inhassoro. 

Conclusion 

Despite the suggested decline of dugongs prior 2006, 
results from this study do not indicate any trend of 
decline of this population. Dugong areas are not equally 
distributed throughout the surveyed area. Two distinct 
core areas of distributional abundance were apparent 
from the sighting records, a northern core area offshore 
of the Govuro River mouth and the Bartolomeu Dias spit, 
and a core area in the vicinity of Santa Carolina Island, 
where a number of large dugong groups were recorded. 
Dugong’s shallow water dependence on seagrass habitat 
places them in direct conflict with many human resource 
uses in the nearshore coastal environment. Declines in 
dugongs across the region can be ascribed impacts on 
the species directly including for example, direct catches, 
indirect catches in set nets or vessel strikes; or indirect 
impacts as declines in habitat through for example 
pollution and water quality, degradation of seagrass 
habitat quality and climate change (including increased 
extreme weather events, such as cyclones).
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The function of mangrove-fringed estuarine ecosystems 
are considered to be affected by mangrove degradation, 
high fishing pressure and fresh water abstraction for 
multi-uses including damming and irrigation activities 
in the upstream. The present study aimed at describing 
the food web structure and trophic interactions for the 
Pangani estuarine ecosystem using Ecopath modeling tool. 
The study compared Pangani estuarine model outputs 
with other 6 available tropical estuarine Ecopath models 

in order to provide a broader picture of the variations in 
structure and functioning of tropical estuaries. The model 
was built based on the pre-defined 27 functional groups 
including commercially important individual fish species 
or groups of species, shrimps and crabs. Despite the high 
mean trophic transfer efficiency for the entire ecosystem 
(15%) relative to the theoretical value (10%), the overall 
Pangani model reliability indicators were generally within 
the acceptable range. Fishery catches were dominated 
by the pre-adult predatory fish positioned at trophic 
level III and the ecosystem was predominantly relying on 
phytoplankton and microphytobenthos food web pathways. 
The keystone index and mixed trophic impact analyzed 
showed that Mudskipper and Arius africanus were the key 
biological groups with high impact in the estuarine food 
web. Although the ecosystem structural and functional 
indices of the model were significantly similar to other 
tropical estuarine indices (PERMANOVA, pseudo-F=1.5; p 
>0.05), Pangani estuary indicated less complex food web. 
Like other estuarine ecosystem models, the ecosystem 
maturity indices proved that Pangani estuarine ecosystem 
was still developing. These observations call upon effective 
management practices for maintaining the health and 
productive estuarine ecosystem. 
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ALLEN VOSRIE CEDRAS AND RIDHEEMA JHOWRY

International Project Manager for the Joint Management 
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The Mascarene Plateau consists of the Seychelles Plateau, 
the Ritchie Bank, the Saya de Malha Bank, the Nazareth 
Bank and the St Brandon shoals to the south up to 
Mauritius. The Mascarene Plateau represents a valuable 
large ecosystem from which economic, environmental 
and social benefits can be derived. It is in itself a unique 
area in terms of the geology and physical characteristics. 
In September 2007, UNDP began implementation of the 
GEF-funded Agulhas and Somali Current Large Marine 
Ecosystems Project. The objective of this Project was to 
undertake an environmental baseline assessment of the 
Agulhas and Somali Current Large Marine Ecosystems, 
to fill information gaps needed to improve management 
decision-making and to ascertain the role of external 
forcing functions. The Project was designed to address the 
Agulhas and the Somali Current LMEs under one initial 
assessment process as well as the assessment of the 
Mascarene Plateau. It identified potential data/information 
gaps in the region and amplified the needs for further 
studies and research in the area. 
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JMA Demonstration Project 

The Joint Management Area (JMA) Demonstration 
Project has the overall objective to identify and 
demonstrate new management approaches and 
techniques for the Mascarene Plateau. It will assist 
Seychelles and Mauritius in the development and 
demonstration of new management approaches for 
such extended continental shelf areas which can 
provide lessons and management techniques that can 
be replicated both within the Western Indian Ocean as 
well as other similar maritime zones globally. 

Methods 

The JMA Demonstration Project aims at achieving its 
objectives through the delivery of four components 
as follows: 1. Building Technical and Management 
Capacity in support of Marine Spatial Planning (MSP) 
and effective management of the Joint Management 
Area; 2. Development of a data and information system 
along with a Programme of data capture and gap-filling 
as a foundation for an adaptive management strategy; 
3. Adoption and implementation of a Marine Spatial 
Planning approach with the objective of improving and 
implementing effective decision-making for activities 
within the Joint Management Area; and 

Expected Outcomes 

A Marine Spatial Planning framework for effective 
management of the Joint Management Area. A state-
of-the-art data system to ensure information sharing 
between Seychelles and Mauritius
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Background 

The Western Indian Ocean hosts the second most 
diverse coral reef ecosystem globally supporting 
substantial marine life forms. Nonetheless, this 
biodiversity is under increasing threat as corals cover 

diminishes under pressure from climatic change, 
and human activities most of which lead to marine 
pollution. The trend is expected to worsen owing to 
increasing human population, urbanization and coastal 
development. In Kenya, marine protected areas (MPAs) 
and gazetted areas closed to fishing, are the key strategy 
used for the protection of coral reefs and biodiversity. 
However, MPAs’ effectiveness in preventing pollution 
of the reefs has not been specifically assessed. To 
shed light on the matter, we took cross sectional 
estimates of surrogates of human-source pollution, 
i.e. E. coli and nutrient concentrations, on Kenyan 
coral reefs with varying levels of protection: a) Kilifi 
– unprotected creek open to fishing, recreation and 
polluted by effluents from surrounding touristic hotels 
and residential houses, b) Malindi – the reserve side 
of the marine national park where artisanal fishing is 
allowed and experiences discharge from Sabaki river 
that runs through a catchment area with uncontrolled 
agricultural activities, and c) Kuruwitu – a locally 
managed marine protected area with limited human 
activities having been closed to fishing and other 
extractive activities since 2006. 

Methods 

The most probable number (MPN) of E. coli was 
estimated by the serial dilutions test, while nitrate 
and orthophosphate concentrations were estimated 
spectrophotometrically. 

Results 

E. coli densities (MPN/mL [95% confidence interval]) 
tended to increase with protection effort; Kuruwitu 
recorded the least E. coli density, <0.01). However, mean 
nitrates concentrations showed no trend with magnitude 
of protection even though between-site differences were 
statistically significant i.e. Kuruwitu, 0.566 (mg/L), Kilifi, 
0.188, and Malindi, 1.402 (P <0.01). 

Conclusion 

These results indicate the potential of marine protection 
in mitigating against pollution especially of microbiological 
nature. That E. coli and nutrients loads didn’t vary 
similarly with protection efforts suggests that each of 
these pollution markers may originate from different 
sources against which marine protection has little or no 
effect. These findings need to be confirmed by multiple 
measurement investigations employing analytical tests 
with better precision.
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The impact of chlorophyll a and sea surface temperature 
was analyzed on the catch of two “ “shrimp species 
Penaeus indicus and Metapenaeus monoceros during the 
period 2003 to 2014 at Sofala Bank, main shrimp fisheries 
area of Mozambique. Data was downloaded from https://
oceancolor.gsfc.nasa.gov/data/aqua/ and analyzed in R 
studio package for linear correlation. No significant linear 
correlation was found between shrimp catches and sea 
surface temperature anomalies. However, a negative 
correlation between chlorophyll a anomalies and“ “ Penaeus 
indicus and Metapenaus monoceros catch was observed. 
Changes in chlorophyll a and “ “sea surface temperature 
anomalies can altered the catch of shrimp catches as 
mentioned above but the other factors, such as over-fishing, 
pollution and the reduction in freshwater flow may have 
influenced the shrimp catch. Therefore satellite data can 
contribute to sustainable management of marine living 
resources by providing a scientific basis for decision-making.
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The effects medium treatment techniques on the 
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Background

Anadara antiquata (Linnaeus, 1758) is bivalve species 
playing an important fishery and ecological roles coastal 
waters. It is highly harvested and its extraction pressure 
in Zanzibar calls for management strategies aiming to 
improve its abundance and diversity via production of 

larvae and spats in hatchery. However, bottlenecks in 
stable production of high quality larvae and juveniles 
exist throughout the production cycle as most larvae are 
greatly vulnerable at their early development stages due 
to their strict requirements for feeding, growth, survival 
and development. The objectives of this research was to 
determine effectiveness treated media for feeding rate of 
A. antiquata. The objective of this study was to examine 
the feeding rates of larvae of this species using ultra 
violet treated water (UVTW), bleached water (BW) and 
1µ filtered water (FW) as culture media. Hypothesis of 
this study is if the feeding rate increase with well treated 
media compared to untreated one. 

Methods 

Broodstocks were conditioned for about two months, 
spawned; and the eggs and sperms fertilized to obtain 
larvae. The larvae were fed Isochrysis galbana and 
Chaetoceros neogracile, the micro-algae species. The 
feeding and bacteria test were determined daily. 

Results 

The high feeding rate was found in UVTW followed 
by BW and least in FW. Generally, the feeding rate was 
high in the first week and decreased as larvae enter an 
inactive growth stage, metamorphosis, while bacteria 
showed significant influence to the feeding performance 
of larvae among treatments. 

Conclusion 

It was concluded that, UVTW is the best method 
in reducing larval mortality by restricting bacteria 
growth with success and making comfortable feeding 
environment.
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Sediment dynamics in a transboundary mangrove 
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Mangroves provide goods and services that are of 
ecological, economic and environmental values. The total 
coverage of mangroves along the Kenyan coast has been 
declining due to both natural and anthropogenic impacts. 
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Causes of mangrove loss and degradation are diverse 
however, losses of mangroves due to climate change 
and sea level rise are least understood in the context of 
the Western Indian Ocean region. Although mangroves 
can keep pace with rising sea levels through several 
ways, their stability will partially depend on the balance 
between the rates of sediment accumulation and sea 
level rise. However, it has been reported that the change 
in surface elevation, could be slower compared to long-
term and interannual rates of sea level rise and therefore 
determining localized current and historical sediment 
accumulation rates through field studies remains vital. 
This PhD study hypothesizes that, the land use patterns 
of the transboundary Umba catchment influences the 
amount of sediments delivered by Umba river to the 
downstream transboundary Vanga mangrove habitat. 
This study is premised on an ongoing multi-institutional 
collaboration project “Transboundary coastal processes 
and human resource utilization patterns as a basis for a 
Kenya-Tanzania conservation area initiative (Transcoast)”. 
It is hinged on one of the research lines of the Transcoast 
project on “sediment loading associated with land use 
changes in the catchment and its impacts on mangrove 
and associated ecosystems downstream”. The project 
main objective is to assist in collecting both biological 
and biophysical data towards the establishment of a 
Transboundary Conservation Area (TBCA) between 
Kenya and Tanzania. To understand the hypothesised 
connectivity of the TBCA, this proposal answers part 
of the need to generate ecological and biophysical 
data that could help in understanding the connectivity 
between the dynamic environment, ecological habitats 
and resource use. This PhD investigates the source of 
sediments, amounts of sediments delivered by Umba 
River, sediment accumulation rates within mangroves and 
model historical sediment accumulation rates. We expect 
that the sediments deposited in the transboundary Vanga 
mangrove ecosystem are derived from the adjacent 
catchment and that the accumulation rates within the 
mangroves are still higher than reported rates of sea 
level rise. Vanga (4° 39’ S and 39° 13’ E) is located in 
the south coast of Kenya, has both river and tidal 
influences and receives terrigenous sediments from the 
transboundary Umba River and from tidal inputs. Umba 
river is described as transboundary due to its source in 
Usambara mountains in Tanzania traversing southwards 
crossing the Tanzania/Kenya border and draining its 
waters to the Indian Ocean. Sediment samples were 
collected longitudinally along the river channel and in the 
mangrove forest. A combination of nitrogen and carbon 
stable isotope ratios coupled with elemental carbon 
and nitrogen ratios were used to partition sources 
of sediments delivered to the transboundary Vanga 
mangrove ecosystem. Additionally, mineralogical and 
geochemical analyses of trace and major elements were 
used to determine the source geology of the sediments 
delivered to the Vanga transboundary mangroves. 
Current sediment accumulation rates (accretion and/

or subsidence) were measured using a combination of 
sediment-elevation tables (SETs) and marker horizons 
(MHs) and sediment cores were taken and lead-210 
(210Pb) activity downcore were measured and historical 
mass/sediment accumulation rates modelled. 

Keywords: mangroves, sediments, transboundary, sea 
level, Umba 
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Background 

Our Sea Our Life is a collaborative project that works with 
vulnerable coastal communities to manage local fisheries 
in northern Mozambique. In our mission to improve the 
resilience of coastal ecosystems and community well-
being, we have created Community Fisheries Councils 
(CCPs) for the management of 10km2 of no take zones 
(NTZ) and 40km2 of sustainably managed marine areas 
(Locally Managed Marine Areas- LMMAs). 

Methods 

Key to the establishment of LMMAs are Village Savings 
and Loan Associations (VSLAs) VSLAs are an extremely 
successful element of Our Sea Our Life. Currently, over 
466 households (of which more than 50% are women) 
are enrolled in 23 VSLAs, benefiting around 3,000 people 
in 6 communities. Whilst providing essential access to 
self-managed financial services, VSLA members have 
weekly meetings in small groups, providing a platform 
to foster big change and invest in themselves, their 
community and marine conservation. VSLAs are the 
birthplace of our Community Champions. 

11th WIOMSA Scientific Symposium 51



Results 

Through the regular contact that we have with our 
VSLAs, we have been able to develop targeted messaging 
that supports the implementation of our conservation 
work. Community Champions emerged as people 
within the VSLAs passionate about driving change, and 
who have taken those messages to the rest of the 
community. Community Champions are typically male 
members of the VSLAs, aged around 40-60 years old, 
who are motivated by the appreciation and recognition 
they receive from the community members. They have 
supported the establishment of 5 VSLA groups so far, 
supporting the logistics and outreach elements of the 
VSLA process. Beyond simply transmitting and receiving 
information, the field team gained an understanding 
of local values and practical experience, then used to 
develop the messaging behind all procedures, materials 
and communications ensuring it is reflective of this 
knowledge. We have consolidated this information into 
a Handbook for Community Champions that provides 
them with resources for spreading their messages. One 
of the key tools for Community Champions is to establish 
new VSLA groups that they trainsubsequently creating 
their own Community Champions, and leading to a self-
replicating system that spreads the benefits of access 
to financial services and further increases conservation 
constituency in an extremely cost-effective way for the 
supporting civil society groups. 

Conclusion 

Supported by the community handbook, our Community 
Champions have become an important part of Our 
Sea Our Life’s co-management plans. The Community 
Champions are the link between the VSLAs and co-
management. These individuals also gain a social status 
within the communities, participating in the training of 
new VSLA groups and visiting other communities to 
exchange experience and good practice. The Community 
Champions strengthen the work of the CCPs, through 
outreach and communication that is linked with better 
compliance with LMMA regulations, reinforcing the 
project’s mission. 

Keywords: VSLA, community champion, handbook, 
behaviour change, financial services 
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The shallow waters surrounding the Comoros Islands 
in the Western Indian Ocean (WIO) are home to a 
rich diversity of marine life. Here, coral reefs, tropical 
fish species and an array of invertebrate taxa contribute 
to making these benthic ecosystems some of the most 
unique in the World. These ecosystems are vital in 
sustaining local communities, and their conservation 
and protection are managed as part of the WIO Marine 
Protected Area (MPA) network. A difficult task when 
data on overall marine diversity inhabiting these areas 
are scarce. This highlights the importance of conducting 
baseline assessments to establish the full scope of 
biodiversity afforded protection, followed by long-
term monitoring to establish the effectiveness of these 
areas. Such objectives are virtually unachievable without 
sufficient infrastructure and the required training. The 
past, present, and future Second International Indian 
Ocean Expeditions (IIOE2), coordinated by the South 
African governments Department of Environmental 
Affairs (DEA), is a collaborative effort to build capacity 
within the WIO. On the latest (2018) expedition, 
participants from various institutes within the WIO 
region, including the University of Comoros, were 
trained on how to apply methodologies and utilize 
equipment to conduct marine research across multiple 
disciplines. Utilizing remote imagery cameras like DEAs 
Jump/Drop camera system used for benthic surveys, 
was one such training exercise. The Jump camera is a 
simple, locally-built piece of equipment consisting of a 
metal frame with a downward-facing GoPro camera 
held inside a customised pressure housing. This allows 
for visual sampling to depths of up to 300 m. The data 
collected are 30 x 30cm photoquadrats of both hard 
and soft substrate benthic habitats. It is operated from 
a winch off a small boat, covers an extensive sampling 
area relatively quickly, and is without the risks and 
complications involved with diving activities. An added 

11th WIOMSA Scientific Symposium 52



feature is the easy conversion of the system into a 
BRUV (Baited Remote Underwater Video), by which fish 
surveys can be conducted. Currently, benthic sampling 
in the Comoros is restricted to SCUBA and limited 
to depths of 15 – 20 m. The Jump camera system was 
therefore recognised as an easy, affordable and effective 
tool which could be utilised to better explore the Island’s 
benthic invertebrate and ichthyofaunal communities. 
During the latest IIOE2 expedition, novel footage inside 
the National Park of Moheli, the first MPA established 
in 2001, revealed an area of high species diversity. At a 
depth of 74 m, the Jump camera recorded a striking array 
of corals, hydroids and large barrel sponges. Currently, 
available benthic data from the park exists at only 10 – 
15 m. Thus, to improve and significantly advance benthic 
research in the area, officials from DEA and the science 
fraternity at the University of Comoros are uniting to 
develop capacity, infrastructure, and transfer skills. The 
immediate goal is to equip Comoros with a Jump camera 
and winch system suited to local boats, and provide 
the necessary training. Training will include the manual 
operation, data processing using available software 
packages (Coral Point Count with Excel Extensions), 
and data analyses. Our ultimate goal is a standardized 
protocol for conducting long-term monitoring of benthic 
communities within the MPA and surrounds. Potential 
outputs will include opportunities for early career 
scientists and ongoing collaboration. DEAs quest to 
develop capacity and infrastructure, and most importantly, 
strengthen partnerships, will be extended to countries 
throughout the WIO (e.g. regional workshops). Local 
communities should be educated on the importance of 
studying and preserving benthic ecosystems within their 
local MPAs, as it is these systems by which livelihoods are 
sustained. With the establishment of three new MPAs in 
the region; the National Park of Shisiwani in Anjouan, and 
zones within the North and South of Grande Comore 
(Mitsamihuli-Ndroude and the Marine Park of the 
Coelacanth), such efforts will prove invaluable. 

Keywords: Marine Protected Area, Benthic 
invertebrates, Shallow water, Jump camera, Developing 
infrastructure, Capacity development, Collaboration. 
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Successful climate-smart management requires establishing 
rapid vulnerability assessment objectives that maximize the 
ocean-derived benefits delivered to people while keeping 
oceans healthy and resilient. This requires an iterative cycle 
of understanding current and likely future climate conditions, 
enacting strategic management, and understanding how 
perceptions change in response to climate change. GLORIA 
is an interdisciplinary and multi-country initiative that aimed 
at developing rapid and participatory methods to assess the 
vulnerability of coastal communities and facilitate climate 
change adaptation in data poor areas. Madagascar as a 
data-poor country was chosen as a case study to apply 
the methods. The methods used are rapid and innovative 
and guided by the principles of a holistic approach that 
combines integration across disciplines and issues, and 
participation of stakeholders. Integration is done through 
a combination of international, national and local skills, 
and information on adaptation and resilience to climate 
change, with consideration of national policies on climate 
change and coastal resources management. Participation 
was achieved through the engagement of two local coastal 
communities from southwestern Madagascar, as well 
as Malagasy national stakeholders. Ocean science and 
climate change communication for both national and local 
stakeholders was also an important component. Amongst 
other results, the initiative demonstrated the value of using 
existing global high resolution climate models to provide 
information on future climate trends for the country and 
of including a trait-based ecological risk assessment as a 
standard component of vulnerability assessments in a high 
biodiversity country like Madagascar. Qualitative modelling 
activities were successful in integrating users’ information 
and perceptions and facilitating a comprehensive and 
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integrated understanding of climate change impacts on 
selected fisheries activities in Madagascar. The value of 
assessing the importance and resilience of fisheries supply 
chains and the need to take account of local management 
measures and institutions were also amongst the major 
findings of the project. The results of the initiative reinforced 
the principle that the combination of ecological and social 
impacts of stressors, including climate change and other 
major stressors, and individual factors on ocean-dependent 
communities needs to be taken into account in a holistic 
view. In Madagascar, vulnerability assessment and adaptation 
planning need to assess the interactions that exist 
between the various elements of the ocean and climate 
change domain, and consider likely changes in the future 
to determine the inherent trade-offs in decision-making 
for ocean and coastal management. This process requires 
local ownership and the establishment of a permanent and 
legal framework for constantly and repeatedly assessing 
ocean vulnerability relative to stakeholder-set management 
targets. For Conservation International, the assessment 
of the resilience of octopus fisheries and the integrated 
modelling activities were particularly relevant to the 
organization’s work in Madagascar. The project provides 
replicable outcomes for the adaptative management of 
octopus fisheries in Locally Managed Marine Areas in 
North-East Madagascar. The climate change modelling 
methods, which integrate international and local knowledge 
are now replicated and expanded in providing Coastal Risk 
Information Service for the management of Ambodivahibe 
Marine Protected Area in the North-East Madagascar. 
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The coral bleaching event that affected the Seychelles 
in 2016 caused significant hard coral mortality, with a 
65% decrease in hard coral cover. By 2017 it decreased 
by another 50%, leaving a cover of only 15.93%. This 
year, thanks to an absence of a major climatic event, 
our coral cover has increased 12% showing a slight 
recovery from the bleaching event. Scleratinian coral 
recruitment registered a major decrease during the 2016 
bleaching event, falling from 13.04% in 2015 to 6.60% in 
2016. In 2017 it increased 51% from the lowest density 
recorded after the event. This year, we are predicting 

a higher percentage of recruits showing a recovery of 
the Seychelles inner island coral reef communities. * 
While coral mortality is a complex process and can be 
observed either instantly when reefs are affected by a 
severe disturbance event or it can take up to several 
months, fish populations are known to display lag effects 
due to the reefs being reduced in structural complexity 
over time. The fish stocks are subsequently depleted 
through natural mortality and fishing and not being 
replaced by juveniles. The fish populations around Mahé’s 
Northwestern coast are expected to show a substantial 
decrease in density for 2018 due to a hypothesized lag-
effect after the coral bleaching event in 2016. Especially 
reef fish such as corallivorous species are hypothesized 
to show a large overall decrease due to the lag of food 
and the loss of shelter. Mean fish density for 2018 was 
0,39 individuals per m2 , a decrease of 5,5% compared 
to 2017 and 12,7% compared to 2016 levels. Reef 
fish density displays a decrease of 5,2% compared to 
2017 and 15,3% compared to 2016. Commercial fish 
density has decreased by 16,7% compared to 2017 and 
10,9% compared to 2016. Both target groups display 
a continued decline after the 2016 event affecting the 
coral reef communities around Mahé’s northwestern 
coast. Comparing sites surveyed within the Baie Ternay 
and Port Launay MPA`s to unprotected sites, fish 
density showed an increase of 3,4% for 2018, displaying 
early signs of recovery after the 2016 bleaching event. 
Unprotected sites continue to display a declining trend, 
with fish densities now being 9,2% lower than 2017, and 
14,2% lower compared to pre-bleaching levels. Global 
Vision International (GVI), alongside the Seychelles 
National Parks Authority, started monitoring the 
recovery of coral reefs at 24 sites along the northwest 
coast of Mahé Island. With the completion of the 2018 
surveys GVI’s data set now represents 13 years of coral 
reef monitoring activities. Data sets of this size and detail 
are vital in furthering our understanding of coral reef 
population dynamics as well as providing an insight into 
the mechanisms and trajectory of coral reef recovery 
following a large scale stochastic events. * 2018 fish 
and coral recruit surveys are ongoing. The data will be 
available for inclusion within the poster after finishing 
the surveys at the end of 2018. 
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The vulnerability of small-scale elasmobranch (ray and 
shark) fishers in the southwestern Indian Ocean is 
exacerbated by convergence of the inherent vulnerabilities 
of fishers and fisher households, elasmobranch resources 
and the coastal ecosystems upon which they all rely. 
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This study provides an assessment of the dependence 
of fishers, and fisher households, on elasmobranch 
resources and the broadscale socio-economic context 
of these fisheries. Face-to-face interviews (n=521) 
with fishers were conducted at 23 sites across Kenya, 
Zanzibar and northern Madagascar, collecting data 
relating to fisher and fisher household demographics, 
fisheries activity and perceived drivers of elasmobranch 
use and value. In addition, use (sale, sustenance or bait) 
and value data (n=2908) were collected at landing 
sites over 12 months in 2016-17. Fisher dependency 
on elasmobranch resources was linked to financial 
capital and fishing experience, which were also found to 
influence proportional adult (≥18 years) engagement in 
income generating employment and relative household 
dependence on fisheries for income. The findings 
suggest that elasmobranch dependent households tend 
towards specialist livelihood strategies relative to the 
rest of the fishery, and may therefore be less resilient 
to social, economic and environmental shocks. Further, 
the findings suggest that infrastructure and access to 
external markets are linked to commercial demand for 
elasmobranch products, primarily for shark and shark-
like rays which appear to be supply-limited, in the region. 
A management strategy based on market governance 
targeted above the fisher level may be effective in altering 
fisher behaviour and dependence on elasmobranch 
resources. However, such strategies risk impoverishing 
those fishers most dependent on these resources 
given their specialised livelihoods. Targeted programs 
to increase livelihood diversity, including alternative 
livelihoods may provide a pathway through which to 
decrease the vulnerability of these fishers to external 
shocks as well as decreasing the fisheries pressure on 
the regions vulnerable elasmobranch resources.
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Email: andrew.gordon@msc.org

Background 

Octopus has traditionally been caught by coastal 
communities throughout the southwest Indian Ocean 
(SWIO). In addition to being a valuable source of protein 
and income, it has potential as a high value export 
commodity. An increase in global demand has expanded 

the export market for the SWIO octopus, and is 
providing increasing opportunity for generating income 
for these communities. Fishing octopus sustainably will 
improve the likelihood that these communities can derive 
long-term social, environmental and economic benefits 
from this resource. The Marine Stewardship Council 
(MSC) maintains a science-based Fisheries Standard 
that is a globally recognised measure of sustainability. 
Fisheries volunteer to be independently audited against 
the Fisheries Standard and, if they pass, are certified as 
sustainable. Increasingly, the MSC is engaging with small-
scale fisheries through its multi-fishery preassessment 
approach. This approach provides an improvement 
framework where fisheries, which may not yet be eligible 
for certification, can benchmark their performance 
against the Fisheries Standard and prioritise activities for 
implementation in fishery improvement projects (FIPs). 
This presentation describes the application of the multi-
fishery preassessment approach to the octopus fisheries 
of the SWIO region. 

Methods

The multi-fishery pre-assessment approach is composed 
of four stages. To date, the first two stages have been 
completed for octopus fisheries in the SWIO region. 
In stage 1, information on octopus fishing practices, 
landings and trade in the SWIO region was gathered. In 
stage 2, selected fisheries were pre-assessed against the 
MSC Fisheries Standard, to benchmark performance 
and prioritise the improvements necessary for the 
journey toward sustainability. Thereafter, effort will 
focus on developing action plans, during stage 3, and 
implementing these action plans through FIPs, in stage 
4. In stage 1, information was collated from: published 
and “grey” literature; through formal data requests 
from fisheries research and management personnel 
in the region; as well as from numerous stakeholder 
workshops. The pre-assessments in stage 2 were 
undertaken by an independent auditor or conformity 
assessment body (CAB). 

Results 

Currently, Octopus cyanea is targeted by artisanal 
fisheries. Women generally harvest octopus on shallow 
reefs at low tide using a pointed stick. Men mostly catch 
octopus in deeper water by free diving with a harpoon. 
Fishers are, however, opportunistic and will also attempt 
to catch other marine species they encounter if they 
deem it valuable. Management of octopus fisheries in 
the region is thus complicated both by their mixed gear 
and the mixed species nature. Available FAO data for 
the SWIO region reflects landings of cephalopods as a 
whole and does not, for example, distinguish octopus 
from other similar molluscs, such as squid and cuttlefish. 
Octopus-specific catch data (numbers, weights, sex, 
fishing effort etc) are limited and often not collected in 
a consistent or rigorous manner. For example, national 
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catch assessment surveys calculate annual national catch 
for a country by extrapolating from the sub-sampling 
of a few non-random sites. Exacerbating the situation is 
the practice of catching octopus in the waters of one 
country and landing the catch in an adjacent country. 
Given the above, in order to get better catch estimates, 
extensive stakeholder engagement is needed. Suffice to 
say, national statistics are generally the only available 
information. This data limitation is similar across the 
SWIO region. Based on the available information, Kenya, 
Mozambique, Tanzania and Zanzibar harvest the most 
octopus in the region. The octopus fishery is vitally 
important in SW Madagascar and Rodrigues Lagoon, 
whilst the island states of Mauritius, the Seychelles and 
the Comoros are still developing their octopus fisheries. 
There are no octopus fishery management plans in 
operation within the SWIO that are currently being 
implemented. Furthermore, most octopus fisheries in 
the region are open access, rely on co-management, 
have limited catch and effort measures and generally 
ineffective monitoring and enforcement. Application of 
management measures for octopus is also challenged by 
the multiple and variable fisheries governance regimes in 
the region and need a synergized management approach. 

Conclusion 

Undertaking stages 1 and 2 of the multi-fishery pre-
assessment approach has allowed for the characterization 
of octopus fisheries in the SWIO region and has 
identified issues that should be addressed as these 
fisheries journey toward sustainability. In particular, 
improved data collection programs are required to: 
obtain more accurate octopus catch data (leading to 
fishery-specific stock assessments); and to take into 
account bycatch and the effect that octopus fisheries 
are having on the ecosystem. Furthermore, greater co-
ordination among governance regimes, guided by fishery 
specific management plans, would greatly improve the 
sustainable utilisation of octopus in the SWIO region.
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Fish length is a useful indicator to explore catch size structure 
and fishing effects on resources. However, measuring 
hundreds of individuals manually require intensive fish 
manipulations and a lot of time that is hardly operational 
in the context of tropical small-scale fisheries. To overcome 
these limitations, we developed a method to automatically 
measure total fish length using digital images analyzed by 
procedures developed using the ImageJ software. For testing 
these procedures, a total of 180 fishes from 19 families with 
two color patterns and two caudal fin types were obtained 
from small-scale fishermen in southwestern Madagascar in 
2018. We took standardized pictures of the fishes using a 
locally-made, cost-effective camera-equipped device. Fish 
size accuracy and measurement time were compared 
across the ImageJ automatic procedure, the ImageJ on-
screen manual measurements, and measurements using 
an ichthyometer, the latter providing the reference fish 
lengths. The ImageJ automatic measurement procedure 
reached 98.4% accuracy and the measurement time was 
reduced by 57% and 40% compared to the ichthyometer 
and ImageJ on-screen manual measurements, respectively. 
This automatic measurement procedure was then tested 
for monitoring the multi-specific reef fish catches within 
a multi-gear fishery in the survey area. This trial allowed 
us to propose some recommendations for reducing 
measurements errors and some of the limitations of this 
method. We conclude that the automatic measurement 
procedure should be implemented by non-governmental 
and research organizations for monitoring small-scale 
fishery catches, so as to study more precisely fishing and 
management impacts.
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Mangrove distribution patterns in tropical regions is 
related to variety of coastal dynamics, habitats and water 
salinity. Mangroves respond to sedimentology from 
coastal (sheet) erosion, along effects of other industrial 
impacts. However, little information is available about 
the ecological consequences of changes in the extent of 
mangrove habitats under varying sedimentation regimes. 
We therefore, conducted a study at Mwache Creek 
in Mombasa, Kenya after the June 2017 long rain to 
determine the effects of sedimentation on mangrove plant 
communities. Linear regeneration and stratified sampling 
were used to sample along seven, 10 × 10 m plots where 
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survival, mortality and regeneration of mangroves were 
assessed. In each plot, trees with Diameter at Breast 
Height (DBH) ≥ 2.5cm were identified, counted and 
measured (height and stem diameter) using a graduated 
pole and foresters’ callipers, respectively. Those with DBH 
150cm) that recorded a ratio of 1:1:3. Living mangrove 
stand density recorded 2,771 stems.ha-1 while 414 stems.
ha-1, (15%) exhibited a dieback. There was a significant 
difference (P <0.005) between biomass with diameter 
>20cm <20cm. Live and dead above ground biomass was 
calculated, recording 30.36 t ha-1 and 40.267 t ha-1 (57%), 
respectively. Rhizophora mucronata (84%) was the most 
dominant of the stock density followed by Avicenia marina 
(13.4%) and Ceriops tagal (2.6%) in that order. About 50% 
of saplings had wilted possibly due to high sedimentation, 
stagnant water pools and competition from terrestrial 
plants. The study findings noted that most mature 
mangrove trees experienced a dieback due to irregular 
inundation frequencies and sediment influx which covered 
the pneumatophores causing forest death. Appropriate 
conservation and restoration initiatives could recover the 
mangrove population as it had >70% young saplings. 

Keywords: Mangrove, Sedimentation, Dieback; 
Regeneration
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Background

Marine ecosystems are under increasing human pressure 
and therefore in need of effective management. Marine 
protected areas (MPAs) can reduce effects of local 
disturbances (e.g. fishing), but their ability to buffer 
stressors originating outside MPA borders (e.g. runoff) 
is more unclear. Moreover, while MPAs are well-known 
to affect species composition, we know much less 
about their effects on organisms’ traits (physiological, 
morphological, and/or behavioral characteristics), which 
in turn dictate how organisms respond to stressors and 
influence ecosystem processes and services. 

Methods

In this study we conducted a field survey in Kenya to 
assess the single and joint (interactive) effects of MPAs 
and land-use on species and trait composition of seagrass 
assemblages; a key group of habitat-forming plants in 
shallow coastal areas. We measured five morphological 
traits on multispecies seagrass assemblages (leaf length 
and width, number of leaves per shoot, and above- and 
below-ground biomass) within three types of sites: 
government-managed MPAs, community-managed MPAs, 
and unprotected areas. 

Results

Using single- and multi-trait statistical analyses, we found 
that both MPAs and land use influence seagrass species 
and trait composition. Changes in community-level traits 
were mostly explained by species turnover. However, 
management and land-use also had a direct influence 
on trait composition, with MPAs promoting wider 
leaves and higher above-ground biomass, while land-use 
mostly influenced seagrass leaf length and below-ground 
biomass. Even though there was an interactive effect 
of management and land-use, the largest and oldest 
government-managed MPAs did not seem to buffer 
effects of intense land-use. 

Conclusion

In conclusion, it appears that MPAs influence seagrass 
assemblages by reducing local disturbances, but do not 
buffer spatially distant land-use effects. Consequently, to 
sustain seagrass ecosystems and the important services 
they support, there is a need for a more integrated 
coastal zone management that regulates resource use 
and human impacts in both the marine and the terrestrial 
parts of tropical coastal zones. 
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This study aimed to describe the spatio-temporal 
variations of the zooplankton communities of the coastal 
zone and the Bay of Pemba, northern Mozambique. The 

11th WIOMSA Scientific Symposium 57



samples were collected at six sampling stations along the 
coastal zone and Pemba Bay in the dry season and in the 
rainy season, using two 125µm and 335µm mesh networks, 
through horizontal trawls along a hydrological cycle. A 
multidisciplinary analysis using multivariate analysis and 
GIS models as potential risk assessment and prediction 
tools was performed. Zooplankton composition, 
density, frequency of occurrence and specific diversity 
were analyzed. The densities showed higher values in 
the 335 µm network during the dry season. The most 
abundant groups were Copepoda, Cnidaria, Decapoda, 
Dinoflagellata, Campanulliridae, Mollusca, Chaetognatha, 
Dinoflagellates and Eggs / Fish larvae. Significant differences 
were observed between the sampling sites and between 
the two types of net selected (p <0.05) . There were no 
significant differences between the two seasons of the 
year. The species of the mesozooplankton found in the 
estuary clearly show that the studied environment has 
great marine influence (coastal and neritic species), as 
well as variations according to the pluviometric regime. 
Further studies will be needed to understand, inter alia, 
the interface with hydrodynamic processes between the 
coastal zone and Pemba Bay. 

Keywords: Zooplankton, Seasonality, Copepoda, Bay of 
Pemba.
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Estuaries are the main gateway of nutrients into 
the marine coastal waters. Human activities and 
biodegradation processes in coastal freshwater and 
mangrove swamps are the major sources of nutrients. 
The present study examines the sources, sinks, and flux 
rates of nitrogen (N), phosphorus (P), and silicon (Si) 
through the interfaces river-estuary, mangrove-estuary, 
and ocean-estuary. Measurements of the concentrations 
of nutrients and water velocity were made near the 

surface on an hourly basis, and then integrated over 
the flood and ebb flows over the cross sectional area 
and budget estimated over the tidal cycle, in the three 
interfaces. The results indicated that freshwater swamps, 
along the river basin, and mangrove swamps were the 
major source of nitrate into the estuary; the urban 
sewage effluent were the major source of phosphate; 
major source of silicate were the fresh water swamps 
and coastal ocean waters. Mangrove swamp showed a 
tendency of retaining phosphate. Thus, confirming the 
hypothesis that mangroves are effective sewage filters 
and pollutant retainers. The river exported nitrate into 
the estuary at a rate of 59 tons per tidal cycle, and 
then the estuary as a whole exported nitrate into the 
coastal waters at a rate of 68 tons per tidal cycle. The 
present study may contribute to the explanation of the 
observed high coastal productivity of the Sofala Bank and 
to the development of prognostic and predictive models 
to quantify and predict the nutrient export to - and 
productivity of the coastal waters. 

Keywords: Nitrate, phosphate, silicate, fluxes, budget 
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Background 

Marine sediment serves as a reservoir for contaminants 
and, as a result, can become a secondary source of 
contaminants. Traditional approaches for assessing 
contaminated sediments focus on chemical analyses. 
However, this approach provides specific information 
on targeted contaminants present in sediment and does 
not consider the biological risk of these contaminants 
to marine organisms. Sediment toxicity bioassays 
provide an evaluation of the toxicity of contaminated 
sediments on biota. For this reason, the determination of 
sediment toxicity has become an integral part of marine 
environmental quality assessments. Despite the ecological 
significance of sediments as a key habitat for organisms, the 
toxicity of sediments from ports in South Africa is largely 
understudied. These environments are continuously 
threatened by a range of contaminants which originate 
from various anthropogenic activities. Furthermore, 
dredging activities re-introduce contaminants that have 
accumulated within the sediment, particularly heavy 
metals and hydrocarbons, into the environment. 
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Objective 

The objective of this study was to determine the spatial 
extent and severity of sediment elutriate and porewater 
toxicity in the Port of Durban using the acute sea urchin 
fertilisation test. 

Method 

Surficial sediment samples were collected at ten stations 
in the Port of Durban. The sea urchin fertilisation test was 
performed on porewaters and elutriates using gametes 
from Tripneustes gratilla. Porewaters and sediment samples 
were analysed for metals, while polycyclic aromatic 
hydrocarbons (PAHs), organochlorine pesticides (DDT 
and its derivatives) and polychlorinated biphenyls (PCBs) 
were analysed in sediment only. Reference toxicity 
(positive control) tests with formaldehyde and copper 
sulphate were conducted to assess the sensitivity of the 
gametes. Significant differences in fertilisation success 
between the controls and porewaters and elutriates 
were determined using Dunnett’s multiple comparison 
tests. To determine the degree of toxicity, porewaters 
and elutriates were classified as non-toxic when mean 
fertilisation was not significantly different (p >0.05) from 
the control, or slightly toxic when mean fertilisation 
was significantly different to the controls (p <0.05) 
but exceeded 80% of the control mean. Highly toxic 
samples were those in which fertilisation was <50% of 
the controls, and moderately toxic when fertilisation 
was <80% of the control. A sediment quality index was 
used to assess sediment quality based on the findings of 
multiple contaminant indicators (i.e. metal and organic 
concentrations) into one of five classifications, namely 
excellent (≥95), good (≥80 - <94) fair (≥65 - <79), 
marginal (≥45 - <64) or poor (0 - ≤44).

Results 

Most sediment metal concentrations were markedly 
higher in the upper part of the port and concentrations of 
PAHs, OCPs and PCBs were, in most cases, were several 
orders of magnitude higher than the lower part of the 
port. There were however some exceptions. Sediment 
from a basin in the lower part of the port had the highest 
concentrations of cadmium and sediment in the entrance 
channel was also contaminated by fairly high concentrations 
of manganese and organic contaminants. The upper part of 
the port receives inflows from three rivers that are severely 
contaminated, particularly with PAHs and PCBs. Thus these 
rivers are significant contributors of the sediment quality 
impairment in the upper part of the Port of Durban. 
Vessel repair facilities found in this area also contribute to 
sediment quality impairment. Based on the sediment quality 
index, sediment quality across most of the upper part of 
the Port of Durban was classified poor or marginal. Most 
sediment in the lower part of the port was classified good 

or excellent despite the presence of some contaminants 
in high concentrations, however sediment in the entrance 
channel of the port which was classified marginal. The 
marginal or poor sediment quality classifications reflect 
the fact that sediment in these areas was significantly 
contaminated by metals, PAHs, OCPs and PCBs. The salinity 
and pH of porewaters and elutriates were within acceptable 
limits for all tests performed. The highest, or amongst the 
highest concentrations of most metals in porewaters 
(cadmium, chromium, lead, and nickel) were observed 
from the upper part of the port. Copper concentrations 
in porewaters varied widely while concentrations of 
arsenic, mercury and zinc in the lower part of the port 
were the highest, or amongst the highest concentrations 
found. Mean percentage of fertilised eggs in the control 
and dilution water was 98.75±0.5 and results from the 
reference toxicant tests fell within acceptable limits. Toxicity 
was evident in all porewaters tested (p <0.001) and broadly 
followed similar trends as the sediment quality indices. 
Porewater toxicity was highest in sediment from the inner 
most part of the port (<1% mean fertilisation success), and 
moderately toxic to sea urchin gametes (71.25% mean 
fertilisation success) in sediment near the entrance channel 
of the port. The remaining porewaters exhibited only slight 
toxicity; however it must be noted that porewater at some 
stations in the upper part of the port just marginally fell into 
the slight toxicity category. This clearly alludes to sediment 
quality in the upper part of the port being poorer than in 
the lower part. Despite the high concentrations of metals, 
ammonia and sulphide in porewater and sediment, there 
was no significant relationship between toxicity and any of 
the measured concentrations (p >0.05). The fertilisation 
success of sea urchin gametes exposed to elutriates from 
inner most part of the port, although exceeding 90%, was 
significantly different to the control (p <0.001), however 
when fertilisation responses were expressed as a percentage 
of the control, the elutriates were considered only slightly 
toxic. No significant effect (p >0.05) on fertilisation was 
observed for the rest of the elutriates from the Port of 
Durban. Elutriate toxicity tests were primarily designed to 
determine whether toxic water-soluble contaminants are 
potentially released from sediment to the water column 
via resuspension during dredging operations. The toxicity of 
elutriates may be lessened by dilution during the preparation 
of these samples, as was most likely the case in this study.

Conclusion 

This study reports toxicity data on porewater and 
elutriates from sediments in the Port of Durban tested 
with the sea urchin fertilisation test. The results indicate 
that sediment in the upper part of the Port of Durban 
is severely contaminated by multiple contaminants and 
evinced the highest toxic responses. The results also 
demonstrated that porewater toxicity tests using sea 
urchin gametes are sensitive enough to differentiate 
between sediments with varying levels of contamination 
and would be a valuable tool for screening toxic sediment.
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Background

Tropical coral reefs are changing under the pressure of 
on-going human activities and these changes are likely 
to continue. However, reefs also underpin important 
benefits, known as ecosystem services, which contribute 
to the wellbeing of millions of people. Ecosystem 
services are born out of the interactions between social 
and ecological systems and therefore understanding how 
they respond to current ecological and social change 
is likely to be complex. Knowledge in this area will 
however be essential in jointly managing for functioning 
coral reef ecosystems and human wellbeing. Specifically, 
how people perceive changes in ecosystem services can 
influence the decisions that they make with implications 
for reef condition. To date few studies have investigated 
how people perceive changes in coral reef ecosystem 
services and to what extent those changes matter. This 
talk will present research from the Seychelles to explore 
the following questions: 1) have, and if so what, changes 
do coral reef fishers perceive in ecosystem services; 
2) do perceived changes in ecosystem services affect 
priorities; and 3) how do social characteristics correlate 
with perceptions of change? 

Methods

Data were collected on the three main inhabited islands 
of the Seychelles (Mahé, Praslin, La Digue). Coral reefs 
in the Seychelles, like many in the West Indian Ocean 
region, were affected by large scale coral bleaching in 
both the 1998 (>90% mortality of live coral cover) 
and 2016 (>70% mortality of live coral cover) marine 
heat waves. In partnership with the Seychelles Fishing 
Authority, we conducted 51 semi-structured interviews 
with coral reef trap fishers to understand perceptions of 
change in four coral reef ecosystem services. These were 
fishery, coastal protection, habitat and recreation services 
that in previous research were shown to be relevant in 
this context. Interview questions also sought to capture 
how fishers’ prioritised different services to make a 

comparison with a similar ranking exercise conducted 
in 2008 (24 interviews conducted by C.C. Hicks in the 
same areas in partnership with the Seychelles Fishing 
Authority). Questions seeking to understand levels of 
trust in different sources of information about the sea, as 
well as demographic and socio-economic characteristics 
of interviewees were also included. 

Results

Habitat services were ranked most important by 
fishers (49%), followed by fishery services (25%), coastal 
protection (18%) and recreation (2%). More than three 
quarters of the interviewed fishers identified a change as 
having occurred in three of these services. This equated 
to 78% for both coastal protection and fishery services 
and 75% for habitat services. In comparison, only 59% 
of participants commented on a change in recreation 
services. Of these changes, 41% of fishers through that 
those in habitat services were most concerning or 
important, compared to 27% for fishery services, 8% 
for coastal protection and 2% for recreation. There was 
no change in how trap fishers prioritised services when 
comparing, at the population level, between ranking 
exercises in 2008 and 2018. However, prioritisation of 
services was more homogenous in 2018 than in 2008 
with fishers more consistently ranking habitat services 
first, followed by fishery services, coastal protection and 
recreation. For fishery services, change was experienced 
by interviewees in their daily activities and as such 
often incorporated descriptions of ecological change, 
for instance that the fish were moving further out, and 
changes in the participants’ own behaviour, for example 
that they had to fish in different areas. In contrast, 
changes in coastal protection were predominantly 
observed as an increase in coastal flooding and erosion 
with little involvement from fishers themselves. Habitat 
services were also perceived to have declined with 
changes in coral condition, algae, water quality and 
water temperature. Changes in recreation services 
were connected to changing relationships on land and 
the perception that people didn’t socialise as they used 
to. However, coastal erosion was seen to have affected 
areas that were previously important for relaxation. 
Similarly, changes in habitat services were brought up in 
relation to changes in the fishery. Perceptions of change 
were associated with different social and demographic 
characteristics, notably age which was correlated with 
perceived changes in fishery, coastal protection and 
habitat services but not recreation. Younger fishers were 
more likely to highlight changes in coastal protection 
and habitat services, whereas middle-aged and older 
fishers were more likely to highlight changes in fishery 
services. Engagement in other activities in the marine 
environment such as free-diving and scuba-diving were 
also correlated with perceived service changes, notably 
changes in habitat services. Fishers were more likely 
to trust their own knowledge and experience of the 
marine environment (92% of participants) but nearly 
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half of those interviewed also trusted information from 
friends and other fishers (49%), and locally relevant 
official organisations (47%). They were least likely to 
trust information from the newspapers or other media 
outlets (16%) or information from the internet (10%). 

Conclusions

These results show that people are perceiving changes 
in coral reef ecosystem services as might be expected 
following widespread coral mortality. However, these 
changes are complex and inter-dependent. Changes 
were associated with factors that were both social and 
ecological in nature and relationships between services 
are likely to be important. Comparisons with historic 
data reveal that perceived changes have not altered 
how services are prioritised at a population level. 
However, the homogenisation of ecosystem service 
ranking would indicate that there has been a shift in the 
relative importance of services with habitat services 
more consistently ranked as the most important for 
fishers. Finally, changes in ecosystem services were 
perceived differently by different types of people and 
though fishers are likely to engage with wider sources 
of information about the sea, these results suggest that 
personal experience of change may be significantly 
more important. Given that many ecosystem service 
approaches adopt methods that capture social or 
ecological change, these results highlight the importance 
of using multi- and inter-disciplinary approaches to 
fully understand how ecosystem services are and will 
continue to change in the future. Further work should 
investigate how perceived changes in ecosystem services 
are linked to decision-making by resource users in the 
marine environment and the likely impacts of these 
changes on the wellbeing of diverse coastal communities. 

POSTER
Low-cost, high precision GPS to measure sea level 
height 

ANNE-ELISE NIEBLAS1,*, JULIEN ANCELIN2, WILFRIED 
HEINTZ3, JULIEN BARDE4, JÉRÉMIE CHANUT1, 
PIERRE GOGENDEAU5, SYLVAIN BONHOMMEAU5 

1Company for Open Ocean Observations and Logging, 
61 rue Haute, Saint Leu, La Reunion 97436 
2UE INRA de Saint Laurent de la Prée 
3Wilfried Heintz, UMR INRA 1201 Dynafor, GIP Ecofor, 
CS 52627 - 31326 Castanet Tolosan Cedex 
4IRD, UMR MARBEC (IRD/Ifremer/Univ.Montpellier/
CNRS), IOC, Rue de l’Institut, Ebène, Maurice 
5IFREMER- DOI, rue Jean Bertho, 97822 LE PORT 
CEDEX, La Réunion, France  

Sea level height is primarily measured using tide gauges 
and satellite altimetry, with a heavy reliance on the 
former. Tide gauge measurements are precise at the 
mm scale, but their accuracy is dependent upon their 
distance from and the strength of their communication 
with the linked Global Navigation Satellite Systems (of 
which Global Positioning Systems (GPS) are the best 
known). The advent of satellite altimetry allowed the 
expansion of sea level measurements from a limited 
coastal network of tidal gauges to coverage of the global 
oceans. However, the accuracy of satellite altimetry is 
dependent on the accuracy of the orbit determination, 
which varies by satellite, and is generally within 4-5cm. 
Recently, tests have been made to explore the use of 
GNSS in measuring sea level height directly to sub-
centimeter precision via GPS units attached to buoys 
(Andre et al. 2014). These units were able to measure 
sea level height within 1-2.2cm of tide gauge data, making 
them useful tools in sea level measurements. Until 
recently, very precise (sub-centimeter) GPS technology 
has been available primarily for professional use, and is 
very expensive (~20,000€). However, a new, low-cost 
GPS module has recently been produced by EMLID : the 
Reach RS+ differential GPS. These modules have been 
produced to make centimeter-level real-time kinematics 
(RTK) positioning accuracy available to the wider public 
at a much reduced price (600€). RTK technology enables 
GPS precision to the centimeter and sub-centimeter 
level. RTK technology requires a monthly subscription 
to a local receiver network (~200€/month). However, if 
the data are not required in real time, a free alternative 
to achieve precise position data is the Post-Processing 
Kinematics technology (PPK). At this precision and price, 
Reach RS+ units are interesting tools to investigate 
their role in building a network precise and wide-spread 
coastal sea level measurements. Here, we investigated 
the horizontal and vertical accuracy and precision using 
PPK of the Reach RS+ modules for both land and sea 
trials. A series of tests were performed to check the 
function of the Reach RS+ units. These included tests on 
the horizontal and vertical accuracy and precision of the 
GPS, using the base setup average single, post-processed 
kinematic, and precise point-positioning methods. We 
show that these modules have a vertical precision 
of±2cm without PPK. The GPS positioning provided by 
Reach, even without PPK precision, can provide higher 
precision data than satellite altimetry at a fraction of the 
cost of tidal gauges, thereby making it an ideal tool to 
measure coastal sea level height.
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Global mangrove area coverage continues to shrink at a 
rate of 1-2% per annum; which is higher than any other 
natural ecosystems. The loss has remained unabated 
despite the adoption of national and international policies 
that aims to promote sustainable mangrove management. 
This study analysed evolution of forest policies and 
legislations in Kenya; and how they have impacted on 
the management of mangrove forests in the country. A 
total of 102 archived and recent forest records in Kenya 
were analyzed through a desk review of literature. Key 
documents reviewed included the Forest Policies, Forest 
Acts, and Conservation and Management Acts, Forest 
Master Plan 1994, as well as the National Mangrove 
Management Plan (2017-2027). In addition, the review 
benefited from FAO reports on mangroves of Kenya 
dated between 1993 and todate. A literature search was 
conducted on Google Scholar based on the following 
Keywords: “forest laws”, “forest polices”, “participatory 
forest management”, “evolution of laws and policies in 
forests, mangroves”. Data was collected based on the 
three well documented evolutionary phases, traditional, 
command and control and participatory regimes. A total 
of 33 key informants were identified based on willingness 
to participate, knowledge and experiences on issues of 
mangrove forests from traditional forest management 
regime to participatory management. The respondents 
ranged from forest managers, fisheries’ officers, local 
members of the public, forest user groups, members of 
CFA, local administration, mangrove cutters and local 
fishermen. Findings of this study show that laws and 
policies evolved from traditional norms through command 
and control regime to participatory management regime. 
In the traditional regime, there was an informal system 
of rules called Gambi rules made by Gambi ya Tano 
council of elders. The rules allowed communal, seasonally 
controlled harvesting of forests products and the rules 
were communally implemented and enforced. Another 
set of rules called tabiko rules, were made by council of 
kaya elders who invoked the wrath of evil spirits (Majini) 

in sacred forests (kaya) of Mijikenda people to deal with 
forest offenders. These rules were effective in protecting 
terrestrial forests but less effective in protecting mangroves. 
This was in part due to a common discourse promoted 
by mangrove cutters and Arab mangrove traders that 
“mangroves were not useful, had no value, were sea forests 
belonging to gods and were inexhaustible. The traditional 
system managed to conserve terrestrial forests through 
local norms and enforcement through council of elders, 
but discourse promoted by Arab traders in the Kenyan 
coast that mangroves were inexhaustible led to their 
unsustainable exploitation. Despite their initial success 
in protecting terrestrial forests, the colonial government 
faulted the ‘open access’ nature of traditional norms 
for encouraging overexploitation of forest resources. 
Formal forest management policies and laws with a top-
down centralized system, that restricted access to forest 
resources evolved significantly during the British colonial 
rule from 1895 and 1962. New government organizations, 
policies and laws were established and power, land tenure 
and control of forest resources shifted from traditional 
elders and community to colonial administrators. 
The initial focus of the policies and laws on terrestrial 
forests created a potential room for continued historical 
exploitation of mangrove forests. Various policies allowed 
establishment of major government programmes that 
promoted conservation through parks, plantation forestry, 
farm forestry and management of indigenous forests. 
Their implementation either failed completely to take 
off or was delayed in mangroves forests. There was a gap 
in policy intent and actual implementation in mangrove 
forests, associated with the believe that mangroves were 
inexhaustible and had no value. The command and control 
system focused more on commercializing terrestrial 
forests and therefore new technologies and resources 
were invested there unlike in mangrove forests. Mangroves 
were considered to have low economic value compared 
to terrestrial hardwood trees. Successive amendments of 
centralized management system led to the emergence 
of participatory forest management approaches in 2005 
onwards; allowing community access rights into forests 
resources. Forest laws were amended to allow formation 
of Community Forest Associations by forest adjacent 
communities, who prepares management plan and signs 
a management agreement with Kenya Forest Service. By 
2017, 97 management agreements had already been signed 
for terrestrial forests CFAs, while only 2 had been signed 
for mangrove forests – Gede CFA and Gogoni-Gazi CFA. 
Inadequate knowledge on true values of mangroves, small 
area coverage of mangroves compared to the terrestrial 
forests and persistent discourse that mangroves are 
inexhaustible ‘god send’ resources can be associated with 
partial policy implementation and enforcement. There is 
need, therefore, for establishment of policies that take 
into considerations sustainable management of mangrove 
forests; as part of the wider coastal and marine resources. 

Keywords: Forest policies and legislation, mangroves, 
community participation, Kenya
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Background 

Due to the increasing global market demand for 
cephalopods many traditional octopus fisheries in the 
Western Indian Ocean have expanded very fast in the 
past decades while shifting their focus from local and 
inland markets to international export. Landings of 
these octopus fisheries are decreasing and concern over 
sustainability is raised. To maintain the sustainability of 
these socio-economic important fisheries, management 
actions must be taken, such as the establishment of 
Marine Protected Areas (MPAs). Connectivity among 
populations through larval dispersal is a crucial factor, 
which should be taken into account when designing 
MPA networks, since it influences population genetic 
structure, as well as the ability to persist and recover 
from stressors, like overfishing. In order to obtain 
baseline data for management plans, the present study 
investigated (1) diversity of Octopodidae in the Western 
Indian Ocean (WIO) and (2) connectivity and genetic 
structure among populations of two commercially 
important species: Octopus cyanea and O. vulgaris. 

Methods 

Arm tips of 275 octopus individuals were collected 
on landing sites and markets, at 15 different sites in 
Madagascar, Tanzania and Kenya. DNA was extracted and 
a fragment of the mitochondrial cytochrome C oxidase 
subunit 1 (COI) gene was amplified and sequenced. In 
addition, 41 COI sequences of O. vulgaris from South 
Africa, Brazil, Amsterdam Island, Tristan da Cunha, Senegal 
and Galicia were retrieved from online databases to be 
included in this study. Results DNA barcoding revealed 
the presence of five different species in our collected 
tissue samples from the WIO, with first records for 
Octopus oliveri and Callistoctopus luteus in this part of 
the Indian Ocean. For O. cyanea (n = 229, 563 bp), 22 
haplotypes were found, forming a single haplogroup, with 
one dominant haplotype present at all sites. Analysis of 
molecular variance (AMOVA) revealed a shallow but 
significant genetic population structure among all sites 
(φST = 0.025, p = 0.02), with significant differentiation 
among: (1) Kanamai (Kenya), (2) southern Kenya, 

Tanzania, North and West Madagascar, (3) Southwest 
Madagascar and (4) East Madagascar (φCT = 0.035, p 
= 0.017). For O. vulgaris (n = 71, 482 bp), 15 haplotypes 
were identified, forming three haplogroups. A significant 
genetic population structure was found among all sites 
(φST = 0.82, p ≤ 0.01). Based on pairwise φST-values and 
hierarchical AMOVAs, populations of O. vulgaris could be 
grouped as follows: (1) Brazil, (2) Madagascar and (3) all 
other sites. A significant increase in genetic distance with 
increasing geographic distance was found (Z = 232443,81 
r = 0.36, p = 0.039). 

Conclusions 

These results indicate that for O. cyanea four regions 
should be considered as separate management units in 
the WIO. The very divergent haplogroups in O. vulgaris 
from Brazil and Madagascar might be evolving towards 
speciation and therefore should be considered as 
separate species in FAO statistics. 
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Background 

Mikoko Pamoja (‘mangroves together’) is the world’s first 
community-led mangrove restoration and protection 
project in Kenya funded through carbon credits. The 
project is accredited by Plan Vivo Systems and Standards 
to trade ca. 3000tCO2-eq/annum for a crediting period 
of 20 years (starting 2013). Income generated per annum 
through sale of carbon credits (amounting to US$15000) 
is ploughed back into the community to support local 
development projects in water & sanitation, education, 
and environmental conservation. In 2017, Mikoko Pamoja 
won the coveted Equator Prize for advancing local 
nature-based solutions for sustainable development. 
Success of Mikoko Pamoja has seen many communities 
along the coast interested in replicating the project in 
their areas. We initiated Vanga Blue Forest (VBF) to scale 

11th WIOMSA Scientific Symposium 63



up activities of Mikoko Pamoja in Vanga; located in the 
Kenya –Tanzania transboundary area. The present study 
assessed community perceptions and attitudes towards 
mangrove conservation and management; and the need 
for carbon project in the area. The information gathered 
was used as community baselines for VBF. 

Methods

Consultative meetings were carried out in the project area 
in order to gather information on mangroves. Purposive 
sampling method was used to select participants known 
to have the needed information about mangroves in 
the area. During the meetings, zonation exercises were 
performed whereby a map of Vanga mangrove ecosystem 
was displayed and the stakeholders were asked to identify 
different areas where conservation activities were 
being carried out. Benefits derived from mangroves and 
threats facing them were participatory ranked. Mapping 
of ongoing forest conservation activities in Vanga and 
challenges facing them were also identified. 
Results 

An analysis of the data gathered showed an immense 
understanding of mangrove goods and services in 
the project area. Based on preliminary results, local 
communities exploit mangroves for both wood and non-
wood products with some products being preferred over 
others. Fish, building poles, fish habitat and fuel wood were 
the highest ranked goods and services while indiscriminate 
harvesting, conversion of mangroves areas for rice farming 
and sea level rise were the highest ranked threats to the 
mangroves of Vanga. A total of 8 community groups are 
engaged in conservation activities reflecting the degree of 
importance of mangroves in the area. 

Conclusion 

This study has elucidated importance values of 
mangroves to Vanga community and the need to 
conserve them. Continued loss and degradation of 
mangroves in the area through indiscriminate harvesting, 
forest encroachment, and sea-level rise has negative 
effects on fisheries, shoreline stability and resources 
sustainability. Implementation of carbon offset scheme in 
Vanga will enhance mangrove management in the area by 
providing incentives community involved in conservation 
activities. This will ensure sustained flow of mangrove 
goods and services by halting their further deforestation 
and degradation; and contribute to improved community 
livelihood to the Vanga community. 

Keywords: Mangroves, Community participation, 
Carbon offset projects, livelihood, Kenya
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Food Post-harvest loss is a global problem. For example, 
one-fourth of the world’s food supply and 30% of landed 
fish are observed to be lost through microbial activity 
alone (Ghaly et al., 2010). Around 4-5 million tons of 
trawled fish and shrimps are lost every year due to 
enzymatic and microbial spoilage because of improper 
onsite storage (Ghaly et al., 2010). Efforts should be 
directed in controlling this situation, but this can be aided 
by identifying the effect of such losses on livelihoods and 
fish stocks. This is the focus of this paper. Specifically, 
the paper focuses on quantifying post-harvest loss of 
prawn fish by using different fishing gears, determining 
the differences of post-harvest loss within the prawn 
fish market chain, quantifying losses incurred by fishers 
as a result of post-harvest loss and determining how 
post-harvest loss link to fishing effort. Lab results show 
that prawns spoilage due to fishers has an average of 
13.25mg/100g TVB-N at Kiomboni (using 4 to 5 fishing 
hrs) and 14.8mg/100g TVB-N at Mchungu village. 
Middlemen TVB-N Mafia lead for 22.8mg/100g days and 
average of17.1mg/100g at Fery market (TVB-N for 3 and 
4 days) The study employed the FAO Post-Harvest Loss 
Assessment methods; namely (i) QLAM, (Questioner 
Lost Assessment Method),(ii) LT (Load Tracking) and 
(iii) IFLAM (Informal Fish Assessment Method). Results 
indicate that prawn is fished using fishing gears namely 
gillnet, trap (wando), and seine net. Out of these, 
seine nets measuring 0.25 used in deep’ waters is the 
most destructive with an overall mean post-harvest 
loss of 14.8±0.957Kg per day. This is followed by Trap 
(Wando) with an average loss of 13.5±1.309Kg per day, 
and then Seine net (Chakacha) measuring 0.25 used 
in inshore waters loosing on average’ 12.3±1.183Kg 
per day. Gill net of mesh size ≤1.5 is less destructive 
losing only 2.1±0.38 Kg’ per day. The study also found 
that the fishers lose on average Prawns weighing about 
1,037,658 Kg per season valued at Tsh. 5,188,290,000/- 
(price of 5,000/- per Kg). While each middleman losses 
on averageTsh.3,945,600 per year per one middleman. 
It is therefore recommended that fishers should use ice 
when they go out fishing, but also use of small-mesh size 
gears and Trap must be stopped. 
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The Bons Sinais Estuary, located in the central 
Mozambique, a region with the highest tidal range 
and river discharge in whole Western Indian Ocean, is 
shallow (~10m), long (~30km) and receives freshwater 
only during the dry season. These characteristics confer 
to the Estuary a distinctive hydrodynamics and ecological 
features. Current meter moorings, tide measurements 
and CTD profiling where conducted during the dry 
season, July 2011 and November 2012, and wet season, 
February 2012 and March 2013, and a simple 1-D, depth 
and width integrated, tidal hydrodynamic model, forced 
by the observed tides at the mouth, were applied to 
understand the major drivers of the hydrodynamics 
of the estuary. The water temperature displayed semi-
diurnal variations while the salinity oscillated following 
the tidal cycle. The hydrodynamic model described the 
currents observed by about 87%; hence the currents 
were mostly tidal driven. The remaining 13% could be 
attributed to other factors, e.g. density gradient and 
winds. The barotropic prevailed against the baroclinic 
pressure gradient forces. The results of this study may 
contribute to understand the dynamics of the ecosystems 
in the Bons Sinais Estuary and may be useful in planning 
engineering works, dredging of the navigation channel 
and in tidal energy development studies. 

Keywords: Tides, currents, barotropic, flood-dominant, 
hyper-saline 
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Background 

Warming climates associated with global change affect 
species distribution either directly due to temperature 
tolerance or indirectly due to habitat modification and 
food availability. Species ranges are predicted to move 
polewards at a rate of 6.1km per decade as temperatures 
near the equator approach species upper tolerance 
limits. Increasing atmospheric carbon dioxide and surface 
temperature allow mangrove tree species to expand 
into saltmarsh habitats, potentially affecting ecologically 
important faunal species. This study aims to understand 
how the changes in estuarine plant communities influence 
the diversity and abundance of crabs and fish in two 
estuaries in South Africa. 
Methods 

Plant habitats were mapped and the population structure 
and root density was measured using quadrats that were 
replicated appropriately. For the crab component the 
structural attributes of mangrove and saltmarsh plants 
were recorded along with crab species composition and 
abundance in the Nahoon and Tyolomnqa estuaries. For 
the fish component the study used underwater cameras 
to determine how different habitats are used by fish 
taxa in the Nahoon Estuary. Both these estuaries are 
currently experiencing an expansion of Avicennia marina 
(Forrak.) Vierh trees into salt marsh habitat. 

Results 

The aerial cover of mangroves at Nahoon was 2.61 
ha compared to 0.64 ha at Tyolomnqa. Salt marsh 
communities are more diverse at Nahoon but has a higher 
coverage at Tyolomnqa (>50 ha). Crab hole density was 
higher in mangrove habitats at Nahoon (546+66 per m2) 
and Tyolomnqa (426+89 per m2) compared to saltmarsh 
and mixed habitats. The Shannon— Weiner Index and 
Pielou’s evenness index show that Nahoon Estuary has 
a higher species diversity (1.995) associated with a high 
species evenness (0.8321) in comparison to Tyolomnqa 
Estuary with a low species diversity (0.5148) and evenness 
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(0.2147). The most abundant species in Nahoon was 
Austruca occidentalis (Naderloo, Schubart & Shih, 2016) 
while Tyolomnqa was dominated by Danielella edwardsii 
(MacLeay, 1838) (Table 2). Three species of fiddler crabs, 
globally associated with mangrove habitats, were only 
present at Nahoon. The salt marsh had a higher fractal 
dimension or complexity (D = 1.93) than the mangroves 
(D = 1.88) at Nahoon and a 32.9% different in fish 
species assemblage was observed between the habitats. 
The degree of habitat use by fish differed significantly 
between habitats (X2 = 53.44, df = 3, p <0.05), with more 
instances of feeding taking place in the mangrove. 

Conclusion 

A mangrove-associated crab community and overall higher 
diversity and evenness of crab species was recorded at 
Nahoon compared to Tyolomnqa which was inhabited 
by an estuarine crab assemblage. The sparse distribution 
of mangrove pneumatophores (density) provided larger 
spaces in the water column and on the floor of the forest. 
The former afforded larger-sized fish refuge and foraging 
areas and the latter influenced the quantity of crab holes. 
The continuous expansion of mangroves will increase 
species diversity and abundance of different faunal groups 
in estuaries in the expansion zone of mangroves across the 
globe but will have a negative impact on the salt marsh plant 
cover and diversity. 

Keywords: Habitat complexity, ecotones, fiddler crabs, 
fish behaviour 
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Given the history of marginalization and dispossession 
of small-scale fishers in South Africa post-apartheid 
legislative reform was anticipated to bring inclusivity and 
equity. However, years into the democratic dispensation, 
it became apparent that the promulgation of the Marine 
Living Resources Act in 1998 had not adequately 
addressed the exclusion and lack of recognition of small-
scale fishers in the country. Moreover, due resistance 
and uncertainties from coastal communities of South 
Africa along the west and east coast SA legal institutions 
obligated the Department of Agriculture, Forestry and 
Fisheries (DAFF) to form a policy that would redress this 
injustice. This led to the passing of the Small-Scale Fishers 
Policy (SSFP) of South Africa in 2012 which, for the first 
time, sought to restore the customary rights of small-

scale fishers. Seven years later, the implementation of this 
policy has proven slow and challenging and one of the 
reasons for these challenges has been failing to consider 
the dynamic coastal environment across the country, 
more specifically coastal communities along the western 
Indian Ocean which is South Africa’s east coast. In addition, 
the arising conflicts between fishing communities and 
the state due to illegal fishers and uncertainties during 
the implementation of SSFP have proven the need to 
understand contextual factors that were not considered 
in the development of the policy. This study uses Sokhulu, 
a small-scale fishing coastal community off the coast of 
KwaZulu Natal as a lens to understand the implications 
of the allocation of communal fishing permits on bone 
fide fishers in identified fishing villages. Through this 
lens the study investigates the enabling and constraining 
factors in the context of the new SSFP and in regard 
to Sokhulu’s co-management ancestral land. Additionally, 
the study also conducts an inquiry into the role of 
customary institutions of Sokhulu in the decision-making 
processes the state conducts in fishing rights allocation. 
Qualitative research methods are used in this study 
and several key findings emerged in the study include 
the fundamental failures in the implementation of the 
SSFP. The policy does not address the complexities that 
exist within coastal communities which make it difficult 
to implement the policy mainly because of the multi-
sector activities which exist in Sokhulu such as mining, 
agriculture, protected areas and land claims. Moreover, 
coastal environments are dynamic and the east and west 
coast fishing communities cannot be treated in a rigid 
and uniform manner. State imposed policies such as SSF 
often do not acknowledge the nuanced and complex 
systems of villages and communities along KZN, this 
kind of global-west implementation and decision-making 
process assumes that all coastal communities are 
uniform and that marine resources can be managed in a 
one-dimensional, top-down manner.
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Mangrove landscape represents one of worldwide most 
valuable coastal landscape. According to landscape unit 
diversity that shaped these particular ecosystems, it 
offers a different range ecological, economic, cultural 
and social services. Nonetheless, an extensive literature 
review highlights different trend of dynamism over 
years including different range of dynamism: migration 
of mangroves, coastal change, deforestation, degradation 
and for the most case, with negative point of view. 
The importance of these change differs depending on 
localization area, types of mangrove ever it was estuarian 
or littoral mangrove, extent of mangrove and social 
context of each mangrove. In order to better understand 
underlined mechanism which drives mangrove landscape 
trend, landscape ecology approaches have been used. So, 
mangrove landscape in the western coast of Madagascar 
has been subdivided into “mangrove lots” where each 
lot are defined by sub-watershed supply delineated from 
streaming systems. Analysis was done separately for each 
mangrove lots. In the first hand, spatial and temporal 
analysis of the mangrove have carried out using remotely 
sensed data for each mangrove lots. Multi-temporal 
images were collected during the last three decades and 
processed using object-based classification. Correlation 
analysis have made between change parameters and 
structural characteristics of mangrove landscape. 
The derived analysis shows mangrove landscape 
structures and dynamism over years. In the other hand, 
anthropisation were assessed by villages inventory 
(number of rooftops) digitizing over very high-resolution 
images from Google Earth in the study area. This 
analysis was coupled to social survey conducted over 
a sample mangrove landscape area over three years and 
focusing on household activities and migration history 
for each landscape areas. The result show that mangrove 
structures critically vary depending on mangrove lots. 
Mangrove deforestation and mangrove migration have 
a significant correlation with total extent area and the 
mean patch size of mangrove structures. Also, relative 
importance of inhabitants around mangrove lots depends 
on mangrove size and area itself, the reason why small 
patch of mangrove is more resistant from human-induced 
change compared to a large extent estuarian mangrove 
landscape. In addition, household migration strategies 
to mangrove landscape were more important over the 
large extent of mangrove due to the diverse economic 
opportunity for their livelihoods. So, mangrove landscape 
management should take into account the structure of 
mangrove itself to adjust preservation to coastal small 
household strategy. 

Keywords: Anthropisation, mangrove landscape change, 
human-induced change, remote sensing, western coast 
of Madagascar
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Background

Marine lobsters have a drifting larval phase (phyllosoma) 
which disperses as a part of the zooplankton before 
settling on the seafloor. Phyllosomas moult through a 
series of developmental phases during the planktonic 
stage, which are difficult to identify to species level based 
on morphology. DNA barcoding may resolve species 
identification difficulties, but DNA extracted from larval 
samples is often degraded or fragmented, reducing 
successful identification based on full-length (650 bp) COI 
barcode markers. Primers that amplify smaller, yet still 
informative sections of barcode markers (mini-barcodes, 
~200-300 bp) can increase identification rates and are 
also useful for mass-amplification of DNA barcodes from 
bulk collections, such as plankton or environmental DNA 
samples. Advances in next-generation sequencing and DNA 
metabarcoding encourages the development of taxon-
specific primers for barcoding, to improve the efficiency 
and accuracy of taxon discovery and identification. 

Methods

We developed and tested a method to design a taxon-
specific mini-barcode primer set for marine lobsters. In 
silico methods were used to identify the shortest, most 
informative portion of the COI gene region. A taxon-specific 
mini-barcode primer set was designed, and crossspecies 
amplification was tested in situ on DNA extracted from a 
range of spiny-, clawed-, slipper- and blind lobster species. 

Results 

The mini-barcode primers successfully amplified both 
adult and phyllosoma COI fragments, and were able 
to successfully delimit all species analyzed, with higher 
identification rates than published universal primer sets
. 
Conclusion

We demonstrate that the newly designed marine lobster 
mini-barcode primers will increase the success rate of 
species identification in bulk environmental samples. 

Keywords: Lobster phyllosoma, marine lobsters, mini-
barcode, DNA metabarcoding, species identification. 
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Coral reefs are among the most diverse marine 
ecosystem in the world. However, climate change and 
human pressures are the origin of the alteration of this 
ecosystem’s characteristic and structure. In Toliara-
Madagascar, studies showed the increase of the threat in 
this environment caused by the human pressure. World 
Wild Fund (WWF) has set up a monitoring program in 
a local managed marine area (LMMA) in the South part 
of Toliara in order to know the biological characteristic 
of the coral reef ecosystem in those area. This is done to 
improve the local fishery management. The study was done 
in the village of Beheloke, 75km in the south of Toliara, one 
of the LMMA of WWF in November 2016. To evaluate 
the biological characteristic in this area, the benthic 
cover were determined by the PIT method. In one site, 
3 transects were placed in the ocean floor and recording 
the benthic cover category at each 25cm point. For the 
fish and the macro invertebrate data, sampling was done 
using three belt transects of 50*5 m belt transects. The 
transects were separated by at least 5 to 10m from the 
end of the previous transect. There are some categories 
of fish which were counted. The collected data show that 
the half part of the benthos were covered by the Turf 
Algae 51.33±11.1%. The coral cover exceed the macro 
algae’s which are respectively 23.17±8.3% and 15.67±5.5%. 
19 Genus of coral were identified. Pavona, Acropora, 
Acanthastrea, Goniastrea, Porites, Lobophyllia, Pocillopora, Favia, 
Montipora, Favites, Echinopora, Platygyra, Stylophora, Astreopora, 
Pachyseris, Physogyra, Turbinaria, Mycedium and Galaxea. In 
terms of fish, 17 Family were counted in the area of 500m². 
Those are ACANTHURIDAE, BALISTIDAE, CAESIONIDAE, 
CHAETODONTIDAE, HOLOCENTRIDAE, KYPHOSIDAE, 
LABRIDAE, LETHRINIDAE, LUTJANIDAE, MULLIDAE, 
POMACANTHIDAE, POMACENTRIDAE, SCARIDAE, 
SERRANIDAE, SIGANIDAE, PEMPHERIDAE, ZANCLIDAE. 
The POMACENTRIDAE is the most abundant among 
them with 54.87%. Macro invertebrates are dominated by 
urchin: 467 individuals. We can bring into the mind that 
this LMMA is still rich in terms of biodiversity, the high 
percentage of hard coral cover and the diversity of fish 
means that the ecosystem in this area is still healthy. And 
this may thanks to a good management of the area from 
the local community.
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Biofouling is becoming a global issue with impacts 
documented both environmentally as well as economically. 
Diversities of marine fouling species have been seen to 
differ among various ecosystems thereby enlightening 
the level impact into those biological communities. The 
term biofouling refers to the accrual of marine organisms 
over surfaces of submerged or semisubmerged natural 
or artificial objects. Biofouling is a two-staged process 
namely, micro-fouling and macro-fouling, which can occur 
continuously, in convergence or in parallel with one another. 
It begins with the settlement of planktonic propagules 
which involve surface encounter and attachment to a 
surface. Environmental cues such as biological, chemical 
and physical, play an important role in the settlement 
of these micro- fouling species which either lead to 
permanent or temporary attachment. Metamorphosis 
then precedes the planktonic phase allowing growth 
of immobile macro-fouling species which belong to the 
groups of Algae, Mollusca, Crustacea, Bryozoa, Annelida, 
Tunicata, Cnidaria and Porifera. However, such studies in 
the tropical marine ecosystems have gained little attention 
so far. The rationale of this study is to provide a baseline 
of the diversity and density of fouling species present 
in each of the ecosystem studied, which can be further 
exploited to provide means to counter the issues arising 
from any potential biotic threats. Concrete bricks were 
placed at 6 marine ecosystems namely estuaries, seagrass, 
sandy, rocky, mangroves and coral reefs (Belle Mare and 
flic en Flac) areas in October 2018 and after 2 months 
they were removed to quantify micro and macro-foulers. 
Variable densities and Shannon-Wiener diversity indices 
of microfoulers and macrofoulers were found among 
tested sites. For instance, the density of microfoulers at 
Poudre D’Or, Ile D’Ambre and Anse aux Jonce mangroves 
areas were 40.87±12.38, 14.85±5.81 and 14.45±9.49 cells/
cm2, respectively. The density of macro-foulers at Poudre 
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D’Or, Ile D’Ambre and Anse aux Jonce mangroves areas 
were 0.34±0.09, 0.27±0.05 and 0.12±0.03 individuals/cm2 
. The micro-foulers’ Shannon-Wiener diversity indices for 
Poudre D’Or, Ile D’Ambre and Anse aux Jonce mangrove 
areas were 3.11, 1.48 and 1.73, while for macro-foulers the 
indices were 5.37, 0.16 and 0.97. Microfoulers density in 
sandy areas were 10.73±9.1 at Belle Mare and 11.31±3.55 
cells/cm2 while at rocky areas it was 35.7±10.22 cells/cm2 
at Flic en Flac and 332.05±407.41 cells/cm2 at Pointe aux 
Piments. Shannon-Wiener diversity indices of microfoulers 
for sandy areas were 1.61 at Belle Mare and 1.53 at Flic en 
Flac while the rocky shores has indices of 2.20 at Flic en 
Flac and 2.24 at Pointe aux Piments. Macrofoulers density 
in sandy areas were 0.01±0.00 at Belle Mare and 0.01±0.00 
cells/cm2 while at rocky areas it was 0.06±0.09 cells/cm2 at 
Flic en Flac and 0.03±0.03 cells/cm2 at Pointe aux Piments. 
Shannon-Wiener diversity indices of macrofoulers for 
sandy areas were 0.21 at Belle Mare and 0.23 at Flic en 
Flac while the rocky shores has indices of 0.59 at Flic en 
Flac and 0.52 at Pointe aux Piments. Further studies over 
longer period of time would be necessary to understand 
shift in fouling patterns.

Keywords: macro-biofoulers, micro-biofoulers, 
phytoplankton, Shannon-Wiener diversity index
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Marine organisms inhabit various places of the ocean, 
which shape their physiological activities. Diverse 
habitats such as the coral reefs, sandy shores, rocky 
shores and mangrove swamps that harbor dissimilar 
environmental conditions and ecological interactions 

exists in the ocean. Each habitat often hosts specific 
organisms due to their distinct conditions, while some 
species may thrive successfully in types of habitats. All 
life forms react to stress, through adaptive changes to 
restore the internal cellular balance in physiological 
systems. Marine organisms that experience high levels of 
oxidative stress enhance their production of secondary 
metabolites which generally are radical scavengers with 
antioxidative properties. Marine organisms, usually 
explored for bioactive compounds and medicinal 
properties, including antioxidant activities, have not 
been assessed for their phytochemical and activity with 
regards to their occurrence in different habitats. In this 
study, antioxidant levels and phenolic contents varied 
among different habitats (p <0.01). Extracts of most 
species from Mangrove swamps, rocky shores and deep 
reef habitat displayed highest antioxidant levels (p <0.01) 
and phenolic contents (p<0.05) in comparison to same 
species collected in sandy shore and shallow reef habitat. 
Nitrate levels, pH, temperature and DO were highest 
in mangrove area compared to different habitats. Rocky 
shore had higher phosphate level compared to other 
habitats. Sandy shore and rocky shore were similar in 
terms of nitrate level, pH and Temperature. Higher 
DO was recorded in sandy shore compared to rocky 
shore. Temperature and DO were lowest in the deep 
reef. These conditions have most probably contributed 
to Intra-specific variation (i.e. difference occurring 
within specimens of same species) in phenolic pattern 
and antioxidant activities was observed in alike species, 
under differential conditions prevailing in diverse 
habitats. All species (3 out of 3) from mangrove sites, half 
of the studied species (7 out of 14) from rocky shore and 
half of the species (2 out of 4) from shallow reefs had 
highest activities in most antioxidant assays, compared 
to same species in another habitat. Highest phenolics 
in studied marine species were recorded in mangrove 
area, followed by deep reef habitat and rocky shore and 
shallow reef habitat. Highest phenolics were found in 
green macroalgae in mangrove area, followed by deep 
reef habitat and rocky shore. Highest concentrations 
of phenolics occurred in brown macroalgae in sandy 
shore and in rocky shore. Species from shallow reef 
and mangrove area were found to harbour the highest 
phenolics in red macroalgal species compared to those 
found in other habitats. Difference in nutrient and 
dissolved oxygen levels was significant, and is proposed 
to have an influence on the level of phenolic contents 
and antioxidant activities of marine organisms such 
as seaweeds, seagrasses and sea urchins. These results 
indicate that the differential environmental conditions 
occurring in varied habitats are reflected by the 
physiology of tested species. Further studies are needed 
to delineate the differential conditions leading to variable 
phenolic contents and antioxidant activities. 

Keywords: antioxidant activities, habitat, phenolic 
content, seagrasses, seaurchins, seaweeds
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Rural communities are currently under a lot of pressure to 
meet their current needs amidst barriers to development. 
Such barriers include lack of infrastructure which hinder 
them from having access to transportation to markets 
and also lack of accommodation or restaurants or might 
have a limited few. This has been one of the major reasons 
why many rural communities are not able to contribute 
or participate actively in the blue economy through 
use of wild aquatic resources, aquaculture, or in some 
cases coastal tourism. Local economic development is 
central to rural areas, and by using opportunities such 
as harvested or cultivated aquatic resources as well as 
seafood tourism in rural communities can be seen as 
a viable strategy. The South African coastline stretches 
across thousands of kilometres and is rich in cultural and 
environmental heritage. South Africa, however, has not 
yet reached the full potential of its marine resources, 
it still remains underdeveloped. This has subsequently 
let to the development of a Blue Economy strategy 
which is aimed at appreciating the value of the national 
assets together with establishing how it can contribute 
to livelihoods as well as the economy. South Africa’s 
National Development Plan has identified the ocean 
economy as one of the drivers to eliminate poverty and 
reduce inequality by the year 2030. Operation Phakisa 
on the other hand focuses on unlocking South Africa’s 
oceans which is believed can contribute immensely to 
the country’s GDP and both direct and indirect jobs. 
Two of the six key focus areas of Operation Phakisa are 
aquaculture together with coastal and marine tourism. 
There has also been an increase in the number of 
countries that have declared to use their resources in 
participating and making full use of the blue economy. 
This they believe shall play a role in improving the 
lives of their nations and in particular those poor and 
impoverished coastal communities. These communities 
still face a number of issues which include poverty, lack of 
employment, reduced food security, migration of people 
to developed areas in search for a better life. The overall 
aim of the study, therefore, is to contribute towards the 
exploration, expansion and inclusion of rural communities 
with access to aquatic living resources to the blue 
economy study therefore aims at looking at exploring 
the of the use of aquatic living resources with seafood 
tourism as drivers of local economic development in 
rural communities. Thus, a muti-disciplinary approach 

to development which encompasses use of aquatic 
resources by all communities with access, aquaculture 
and seafood tourism as a sustainable development 
strategy for rural communities shall be explored. The aim 
of the study includes, developing the term “aquatourism” 
and its exploration as a viable and workable catalyst 
for local economic development and improved life 
for all. This study therefore sets out to investigate and 
establish how coastal and inland rural communities 
can capitalize on food production, food harvesting, and 
seafood tourism as increasing the value-chain locally 
and ultimately nationally. The development of the term 
“Aquaculture” shall also encompass investigating the 
use of aquaculture in rural communities, opportunities 
and challenges associated with it. This shall be achieved 
through an intensive literature review which will include 
investigating methods and models for local economic 
development using low technological and technical 
aquaculture systems which have been successful and can 
be applied in other rural contexts by the community 
members. The study also seeks to investigate the 
challenges and opportunities associated with seafood 
tourism and aquaculture together with investigating 
ways in which the two sectors can coexist harmoniously, 
enabling both industries to compliment and benefit from 
each other and thus both contributing towards local 
economic development without competing. 
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The study plans to take on a qualitative approach. Use of 
experts in the field to develop the term “Aquatourism” as 
well as online and paper- based questionnaires. A robust 
and extensive review of literature will also be utilised 
to gather information of rural aquaculture and seafood 
tourism. “Aquatourism”, is a concept which will be 
defined, developed, tested and discussed in detail in the 
development of the thesis. The definition of aquatourism, 
so far is, in the thesis is “the use of aquatic living 
resources in touristic activities to achieve local economic 
development”. The aquatic organisms may be fished, 
harvested and/or farmed in aquaculture surroundings. A 
prerequisite is that the resources should be accessible 
and controlled by the local communities. Aquatourism 
seeks to take on an integrated approach to achieving 
local economic development that is sustainable by using 
two mechanisms namely, combining community-based 
aquatic seafood harvesting and production aquaculture 
and with seafood tourism. Aquatourism aims to increase 
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the potential for rural communities to capitalize on 
seafood production and seafood tourism along the 
whole value-chain “from water to plate”. It seeks to open 
and include aquatic resources as well as tourism industry 
related business clusters, industries that have gained 
momentum for creating employment over the years. 
Using community’s knowledge and understanding of the 
aquatic environment and its living resources, traditional 
cooking methods and local food culture, story-telling one 
of the central elements of seafood tourism. Aquatourism 
becomes a way to connect tourists with the local culture. 
In aquatourism, the tourists can take part in various 
activities such as catching or harvesting of local fish, 
shellfish or seaweeds in their natural environment, or 
visits to aquaculture installations, where they can learn 
about the biology, ecology and sustainability aspects of 
the aquatic organisms, the local environment, production 
methods and culinary aspects as well as local traditions. 
The tourists can further be involved in the preparation 
of the seafood and tastings and furthermore, seafood 
festivals, fairs and other events can attract tourists to 
certain regions and rural communities. Aquatourism 
therefore, connects to all aspects of the seafood tourism 
sector as a driver of business development as tourists 
target rural areas for full local experience. Aquatourism 
can also connect to eco-tourism and becomes a learning 
experience for tourists. This industry would also 
seek create a platform for local communities to own, 
manage and run these community projects and related 
business clusters, building resilience and contributing 
towards employment, poverty alleviation, food security, 
enhanced livelihoods as well as contributing towards 
the local economy. The involvement and inclusion of 
all stakeholders forms an integral part of sustainable 
development particularly the blue economy, and it 
shall also be centre of aquatourism. A literature study 
conducted, investigated the challenges and opportunities 
of seafood tourism and its contributions to local 
economic development. It further investigated the 
opportunities and challenges of the use of aquaculture 
in seafood tourism. The study has found that seafood 
tourism can be a catalyst to sustainable development 
through the use of marine resources, in a manner that is 
sustainable to both the industry as well as towards the 
marine environment, destination development as well as 
local economy. Seafood tourism with its incorporation 
with aquaculture shows a bright future in terms of 
the sustainable use of resources whilst meeting local 
economic needs. The two industries can contribute 
towards reducing poverty, lack of employment, migration 
of people to developed areas in search for a better life 
and contribute towards food and nutrition security. The 
two industries however are associated with a number 
of conflicts which include space to operate, pollution as 
well as environmental degradation but can also benefit/ 
complement each other. Effective spatial 
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Background 

Existing knowledge on oceanic currents in the 
Mozambique Channel is based mostly on recent satellite 
observations and the increasing modelling efforts; 
therefore it lacks ground-truthing in many parts of 
the channel. There many and well-known reason that 
makes ocean observation a difficult task including the 
expensive costs associated with in situ observations, and 
the problems of contamination and limited coverage 
of satellites. However, in some places, such as the 
Mozambique Channel, the more accurate information to 
date is that coming from satellites. Information on ocean 
currents in the southern region of the Mozambique 
Channel is important for navigation, port operation along 
the coastal zone, and fisheries. The present study seeks 
to describe the present-day climatologies of coastal as 
well as open sea currents in the southern Mozambique 
channel, based on multi-mission and multi-platform data 
collated and archived by the GlobCurrent project. 

Methods 

Our approach includes data extraction from www.
globcurrent.org, processing and statistical analysis. The 
data hosted in the GlobCurrent repository comprises 
Ekman, geostrophic and total current at the surface as 
well as at 15 metres depth. The data was extracted for 
the years 2002 through 2016 in the region bounded by 
20o -30oS and 30o -50oE. The processing and analysis was 
conducted in python and consisted in data manipulation 
to extract the main modes of variability including the 
main characteristics of the seasonal and annual cycles. 

Results 

A long-term (2002-2016) average clearly indicates 
the existence of a south-oriented and notcontinuous 
current in the western reaches of the channel, with 
intensification towards the south, consistent with 
earlier reports. It is also clearly visible a region around 
22.5o -25oS and 35o -39oE where the mean current 
undergoes an anti-cyclonic rotation, indicating the mean 
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position of one of the anti-cyclonic mesoscale eddies. 
The long-term mean currents in the centre of the 
channels around 22o -26oS and 38o -44oE have no clear 
pattern as indicated by the multi-directional and weak 
flows as well as the rather weak standard deviation. 
The mean currents landward of the 500m isobaths in 
the Mozambican side have shown strong consistency 
as revealed by the extremely weak standard deviation, 
and the current patterns vary between a lee eddy in 
the Delagoa Bight (25o -26.5oS), southward flowing 
between 22.5o -25oS, and northward flowing between 
20o and 22.5oS. The long-term monthly or quarterly 
averages do not show any specific circulation pattern, 
except for the intensification or attenuation in the so-
called “continuous” circulation. Whilst monthly and 
shorter-term averages taken from year-round data 
indicates that eddies in the southern Mozambique 
Channel occur in a rather random fashion, as indicated 
by their non-permanent position. At this temporal scale 
the current velocities in the vicinity of an eddy may 
reach 1 m/s, slightly faster than the long-term pattern 
indicates. Moreover, a set of cyclonic eddies present 
in the region south of 27oS are found propagating 
southwardly and westwardly, although they have been 
formed either outside the Mozambique Channel or in 
the Delagoa Bight. 

Conclusions 

The analyses of short term data has clearly indicated the 
absence of a continuous current along the Mozambican 
coast and precisely above the 22.5oS, but at same time 
scale, a boundary current is consistent along the coast of 
Madagascar. At longer time scales both Mozambican and 
Madagascar coasts exhibit consistent currents. Therefore, 
we conclude that such pattern reflects the strength of the 
southwards flowing eddies along the African coast, whereas 
bellow this latitude the pattern shows the inception of the 
greeter Agulhas Current. Analyses of standard deviation 
of the surface velocities showed that there is not much 
variability along the whole domain, except along the 
African coast and Madagascar due to the impact of the 
eddies along the former and the boundary current over 
the letter. The known pathways of the anti-cyclonic eddies 
from north and east, highlight the trajectory of these 
features and the region that both cross-over, off Delagoa 
Bight. The variability of surface velocities and direction 
allowed us to infer that the circulation in the Delagoa 
shows quick shifts in speed and direction probably in 
consistence of the complexity of the local circulation or 
due to variability associated with the prevalence of strong 
tidal currents over the coast. Therefore long term satellite 
data are crucial on accessing the variability along the coast. 
Farther south of the Bight, the relatively weak shifts in 
velocity indicate the importance of the boundary current 
over the tidal shifts. 
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Background

The surface circulation in the Mozambique Channel 
changes from the northern part, where the system is 
under dominance of the monsoons, to the central and 
southern parts, where mesoscale eddies are more 
frequent. Despite these differences in the physics 
between the three regions, satellite-based primary 
production shows that the whole region is characterized 
by similar seasonal variability of primary production, 
in which winter is the most productive season of the 
year. In the present study we investigate the mechanisms 
driving the seasonal and temporal variability of new and 
primary production in the Mozambique Channel. 

Methods

We used Regional Ocean Modelling System (ROMS) 
configurations applied for the Mozambique Channel at 
two different horizontal resolutions, the higher (child/
embedded) resolution (1/12o) and the lower (parent/
outer) resolution (1/4o), coupled to Pelagic Interaction 
Scheme for Carbon and Ecosystem Studies (PISCES) to 
investigate the physical processes and the main nutrient 
(nitrate) driving the seasonal and spatial variability of new 
and primary production in the Mozambique Channel. 
Sensitivity model experiments were carried out in order 
to investigate the mechanisms controlling the annual 
cycle of Primary Production in the Mozambique Channel. 

Results

The embedded simulation was more effective in 
representing the surface circulation as well as the Primary 
Production variability in the Mozambique Channel, 
showing better agreement with the observational data. 
Modelled Primary Production integrated over the 
euphotic zone in the Mozambique Channel indicates a 
clear seasonal cycle in the region, with higher production 
rates in winter, followed by intermediate rates in spring 
and fall and a minimum production rates in summer. The 
highest value of Primary Production in the Mozambique 
Channel was of about 0.3 g C m-2 day-1 during winter and 
the lowest value was of approximately 0.1 g C m-2 day-1 
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during summer. The integrated new production follows 
the same seasonal variability of primary production, 
with the higher value of ~0.15 g C m-2 day-1 during 
winter, yielding an average f-ratio of 0.5 in the entire 
region. New production in winter results from vertical 
advection and entrainment of nitrate from below the 
euphotic zone mainly because of stronger wind stress 
in the north and negative heat flux in the center/south. 
However, in central and southern parts of the channel 
mesoscale eddies enhances the primary production. 
During the rest of the year, the entire system depends 
on remineralisation of organic matter, which sustains 
phytoplankton growth at the subsurface. Surface 
phytoplankton biomass in the Mozambique Channel is 
higher in winter, where small class/group contributes 
with more than 60% of the total phytoplankton biomass. 
The increase in phytoplankton abundance in the region 
is accompanied by enhancement in zooplankton biomass. 
Grazing on phytoplankton by zooplankton increases in 
linear proportion of phytoplankton biomass, despite 
deepening of the MLD during winter. This is explained 
by increase in primary production which exceeds the 
pressure on phytoplankton by zooplankton, an indication 
that the phytoplankton abundance in the region is mainly 
controlled by zooplankton. 

Keywords: Seasonal, Mixed Layer Depth, nitrate, new 
production, primary production, Mozambique Channel
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Heavy metal pollution in the coastal zone has become 
a worldwide phenomenon of growing concern as a 
consequence of increasing anthropogenic activities such 
as littering, metal mining, industrial processes, agriculture 
and shipping. Marine organisms accumulate heavy metals 
in their body tissues due to anthropogenic disturbances 
and natural changes in the environment leading to stress. 
Once in the food chain, heavy metals pose a threat to 
human health through seafood consumption. This study 
aimed to investigate the potential of tropical marine 
molluscs as bioindicators of heavy metal pollution levels in 
and around the coast of Mauritius. Species studied were 
Monetaria annulus, Planaxis sulcatus, Nerita plicata, Nerita 

atramentosa, Cerithium sp., Littoraria sp. and Morula sp. The 
marine molluscs were sampled at low tides in winter 2018 
and summer 2018-2019 months from the following sites 
and differing marine environments; Belle Mare (coral reef), 
Belle Mare (rocky shores), Blue Bay (rocky shores), Flic en 
Flac (rocky shores), Pointe d’Esny (mangrove area), Roches 
Noires (rocky shores), Roches Noires (seagrass bed), Gris 
Gris (rocky shores) and beach rocks at St Felix. Gris Gris 
was used as a reference ‘pristine’ environment while all the 
other sites were heavily influenced by human activities. At 
each study site, physico-chemical parameters (sea surface 
temperature and pH) were recorded in-situ for both winter 
and summer seasons. The UNEP/FAO/IAEA/IOC Reference 
Methods (1984) were used for sampling and analysis of 
heavy metals using Flame Atomic Absorption Spectrometry 
(AAS). Molluscs, sediment and surface seawater samples 
were collected at each site in plastic containers. Molluscs and 
water samples were stored at -4°C and sediment samples 
were left to air dry overnight prior to further analysis 
Molluscs samples were dissected under clean conditions 
and separated into tissues and shells. Sub-samples of tissues 
and shells of two different size classes (size class 1: molluscs 
length ≤ 10 mm and size class 2: molluscs length >10 mm) 
for each species under study were oven dried at 60°C, 
following which 0.2 g for each subsample were acid digested 
with 8 ml of 65% HNO3 and 2 ml of H2O2 at 80°C for 80 
minutes using a microwave digester. Sediment samples were 
also oven dried and ground followed by the digestion of 
subsamples of 0.5 g using 10 ml HNO3 under the same 
conditions as molluscs digestion. Seawater subsamples 
were filtered and digested on a hot plate at 80°C using 
65% HNO3. Digested samples were filtered and adjusted 
to 25 ml. These samples were analysed for heavy metals 
(Fe, Zn, Pb and Cd) using GBC Flame Atomic Absorption 
Spectrometry (AAS). Results indicated that with respect to 
sediments, the most contaminated sites were Flic en Flac 
(1.0369±0.7837 µg/g), Belle Mare (0.0450±0.0040 µg/g) and 
Blue Bay (0.0037±0.0006 µg/g) for Fe, Zn and Pb, respectively. 
For seawater, the most contaminated sites were Flic en Flac 
(26.3721±1.8056 µg/ml) and St Felix (0.3495±0.1067 µg/ml) 
for Fe and Zn, respectively. Pb was not detected in seawater 
while Cd was not detected in both sediment and seawater. 
Using the guidelines for coastal water quality (Environment 
Protection Act 2002 Mauritius) none of the study sites 
were found to be polluted with Pb and Cd. Heavy metal 
concentrations in molluscs samples followed the trend: 
Fe >Zn >Pb >Cd. Potential bioindicators for heavy metals 
were P. sulcatus and N. plicata for Fe, and N. atramentosa . for 
Zn. Morula sp. is not recommended for use as a bioindicator 
because they are available at specific sites only and in lower 
abundance as compared to the other species studied. The 
results of this study indicated that some marine molluscs 
(P. sulcatus, N. plicata and N. atramentosa) are potential 
bioindicators for heavy metal pollution. It is recommended 
that the use of bioindicators proposed in this study will 
provide an evaluation of the extent of heavy metal pollution 
in the coastal zone of Mauritius. 

Keywords: Heavy metals, marine molluscs, bioindicators, 
marine pollution, Mauritius
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Background

Mangrove distribution along the Eastern African region 
occurs from Somalia to South Africa including Madagascar 
and other islands. It has approximately 10 species including 
Avicennia marina (Forsk.) Vierh., Bruguiera gymnorrhiza 
(L.) Lam. and Rhizophora mucronata Lam., which are core 
mangrove species and common in the region. Within 
the Indo-West Pacific (IWP), a number of studies have 
determined the genetic variation of mangrove species 
but only a limited number of studies have included B. 
gymnorrhiza and R. mucronata populations occurring in 
the Eastern African region and none have included those 
occurring in South Africa. Genetic variation and the 
environmental conditions also affect plant performance 
and the longevity of mangrove populations. To this 
end, the first objective was to determine the genetic 
diversity of these two species. It was postulated that 
the region will generally have a lower genetic diversity, 
higher genetic connectivity between Mozambique and 
Tanzania in comparison to South Africa (which is at the 
range edge) and has fragmented mangrove distribution. 
A second objective was to determine the performance 
of Avicennia marina populations at the range edge; this 
was achieved by measuring plant performance variables. 
It was postulated that mangrove populations which had a 
larger population size would have a higher performance 
and vice versa. 

Methods

For the first objective leaf samples were collected from 
six populations, a single population in Tanzania and 
Mozambique and four populations in South Africa. Using 
a single nuclear and chloroplast region namely PAL and 
the trnL-F region for R. mucronata and GapCp and the 
trnL-F region for B. gymnorrhiza, DNA extraction was 

achieved by following the QIAGEN DNeasy Plant Mini 
Kit protocol. PCR amplification procedure was similar 
to that outlined by Inomata et al. (2009) and Minobe et 
al. (2010). To clean up the PCR products, the ExoSAP 
procedure was followed. Samples were then sent to 
Macrogen for sequencing. DNA sequences were aligned 
using MEGA v. 6.06. To achieve the second objective 
the population structure, density, reproductive success 
(by measuring flower production), severity of pest 
infestation, signs of disease and the growth rates of 
Avicennia marina populations were measured. Five study 
sites namely Mngazana, Wavecrest, Nahoon, Kwelera and 
Tyolomnqa were visited, and the growth rates of the first 
three study sites were measured using long term data. 

Results

At this stage DNA sequencing of the PAL and trnL-F 
regions has been successful and further analyses will be 
completed forthwith. The population structure results 
indicated that the density decreased from within the 
range (Mngazana – 47 100 trees/ha) to the edge of the 
distribution (Tyolomnqa – 9 200 trees/ha) while the adult: 
seedling ratio indicated that recruitment was taking place 
in all estuaries but the transition from seedlings to saplings 
was unequal. The mean height and mean Diameter at 
breast height (DBH) of the adults follows a similar trend 
(Mngazana to Tyolomnqa) to that of population density. 
Flowering data indicated that there is a high degree 
of variation with regard to the number of stalks per 
flowering branchlet, between 3 and 4 flowers were found 
on each stalk, showing no specific trend and a low degree 
of variation. Galls were present on all adult individuals 
and a black discolouration on the bark (assumed to be a 
consequence of fungi) was the highest at Tyolomnqa, with 
the other estuaries having a similar occurrence. Growth 
was measured at three estuaries, the results did not show 
a strong trend, but the growth rates were the highest at 
Nahoon (0.8cm.month-1) followed by Mngazana (0.6cm.
month-1) and Wavecrest (0.58cm.month-1). 

Conclusion

Mangroves are recognised as a Critical Habitat facing a 
number of threats and providing important ecosystem 
services. Understanding the genetic variation of plant 
populations and the performance of these populations 
could assist in the prediction of how these species will 
perform under climate driven changes such as sea level 
rise and extreme weather changes, as well as in the 
selection of areas that require conservation. So far the 
results indicate that within the range Avicennia marina 
has a greater reproductive success as more seedlings are 
produced and survive but the growth rate is much slower, 
while at the range edge trees may be more susceptible 
to pathogens. Thus the information from this study could 
play an important role in the protection of these species 
and thus the conservation of the ecosystem services that 
they provide. 
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Tephrosia vogelii is a small African leguminous tree, which 
has bacteria associated with its roots that are able to fix 
atmospheric nitrogen. It can also be used as a medicine for 
skin diseases and internal worms. Traditionally, was used as 
fish poison, although this is now illegal in many countries 
including our country, however some unfaithfully fisherman 
in our country kept in using it illegally. Although rotenone 
has been extensively studied, there is surprisingly little 
data directly evaluating the biological activity of the other 
major T. vogelii rotenoids tephrosin and deguelin on fish. 
Therefore, the aim of this study was to identify and isolate 
major rotenoids in different specimens of T. vogelii and 
determine the relative toxicity of rotenone, deguelin and 
tephrosin to embryos of zebrafish 150 ml of Chloroform 
were added to the grinded sample and the extracts were 
transferred to a shaker machine for 1hr to dissolve toxins, 
Then the mixture was filtered through filter paper and 
collect the extracts. Extracts were then evaporated 
under pressure of 650 mbar at 60°C for final extract. The 
differences in acute toxicity between exposure groups 
were analysed using a one-way ANOVA and Tukey’s 
multiple comparison tests. Significance in all tests was 
assigned at p ≤ 0.05. Results showed that effects of the four 
compounds were investigated in zebrafish in vivo during 
early development starting from 3 hours post fertilization 
(hpf) in order to determine the sensitivity of zebrafish to 
the different compounds. The survival and occurrence of 
deformities in zebrafish exposed to concentrations are 
affected, whereby no differences in the hatching pattern 
were observed in the lower compound concentrations. 
that an early life stage in vivo exposure, but also a cell line 
exposure to rotenoids doses 5,10,15,20 (µg/L) is potent 

enough to cause acute toxic effects. Tephrosia vogelli is 
a plant species with a potential to be used as a natural 
pesticide. From the present findings, it can be concluded 
that an early life stage in vivo exposure, but also a cell 
line exposure to rotenoids doses 10,15,20 (µg/L) is potent 
enough to cause acute toxic effects. Together, these effects 
of rotenoids might have further use for their agricultural 
utilization as pesticides, and warrant further studies. 
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Globally, estuarine systems are progressively being 
transformed and endangered by the impacts of rising 
anthropogenic activities and global climate change (GCC) 
thereby exerting profound and diverse consequences on 
marine ecosystems. Rising atmospheric Carbon dioxide 
(CO2) remains a global concern due to its pervasive 
and irreversible consequences on ecological timescales. 
Environmental factors like ocean acidification (OA), 
rainfall patterns, water temperature will considerably be 
affected by GCC according to IPCC forecast. Although 
the interactive effects of GCC with other anthropogenic 
stressors like chemical contaminants are still not fully 
understood, there are concerns about the influential 
role GCC plays on environmental concentration of 
contaminants as GCC is anticipated to have a significant 
effect on exposure, behaviour, fate, and release of 
toxicants. Durban Harbour, Richards Bay Harbour and 
Mlalazi estuary are part of KwaZulu-Natal estuarine 
systems supporting diverse ecosystems and biota of 
ecological importance. Durban Bay and Richards Bay 
Harbours are the busiest and largest shipping harbours 
in South Africa. Like most estuarine harbours, they 
are persistently subjected to anthropogenic activities 
(intense urbanization and industrialization) and expansion 
of commercial shipping resulting to accumulation of 
pollutants. The Mlalazi estuary in contrast is situated 
in a coastal nature reserve and the watershed is in a 
lower population density area hence, less prone to 
anthropogenic effects. This study assessed and compared 
levels of heavy metals (Cadmium, Copper, Lead and Zinc) 
in selected tissues of the sand bubbler crab - Dotilla 
fenestrata, water and sediments from anthropogenically 
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impacted Durban and Richards Bay Harbours with 
those of Mlalazi estuary that is sheltered from human 
activities. This study also assessed the interactive effects 
of coastal acidification (CA) and metal concentrations 
of Cd and Pb in the exoskeleton of the crab Dotilla 
fenestrata. Heavy metal concentrations (Cd, Cu, Pb and 
Zn) in crab tissues (exoskeleton, digestive gland and 
gill), water and sediments from these three study sites 
were first investigated using Inductively Coupled Plasma 
Optical Emission Spectrometry (ICP-OES). Levels of 
metal in tissues were statistically analysed to determine 
the most suitable tissue compartment for metal analysis 
in the crab. Subsequently, crabs were acutely exposed to 
varying concentrations of Cd (0.5, 0.75 and 1.00 mg/l), 
Pb (6.50, 8.50, and 10.50 mg/l) and Cd/Pb (4.50, 5.75 
and 7.00 mg/l) and near-future coastal pH of 7.2, 7.4 and 
7.6 for a duration of 96 hours. Total metal levels were 
generally more elevated in exoskeleton especially for Cd 
and Cu (Cd 0.42±0 and Cu 83.84±1.56 µg/g) while Cu 
was the most concentrated element. Crabs from Durban 
Harbour had significantly elevated (ANOVA HSD; df 6; 
p <0.01) metal concentrations compared to the other 
two sites, while Mlalazi estuary showed significantly 
higher (ANOVA HSD; df 6; p <0.01) metal levels in 
sediment and for Zn in water compared to the other 
sites but has significantly lower metal concentrations 
in the crabs. Interactive effects of coastal acidification 
and metal concentrations on the tissue concentrations 
of Cd in D. fenestrata was not directly proportional with 
decreasing pH. This possibly indicates that decreasing 
pH has insignificant effect on Cd uptake due to its 
behaviour and speciation. Crabs exposed to varying Pb 
concentrations did not show a definite pattern in tissue 
2 | P a g e concentration with increasing acidification 
probably due to unique transitional behaviour of Pb that 
enables it to form complexes with chloride, carbonate 
and hydroxide. Crabs exposed to mixed metal of Cd 
and Pb concentrations had significantly higher levels of 
Cd and Pb in exoskeleton compared to those exposed 
to Cd or Pb only. This might be due to osmoregulatory 
capacity of crabs as result of exposure to mixed metals, 
thus increasing metal uptake and concentration rate 
in crab tissues. Although pH and speciation largely 
determines metal solubility however, the combined 
effects of these and other complex factors determine 
bioavailability, uptake and toxicity to marine organisms. 
Mean haemolymph osmolality of crabs exposed to 
combined varying pH and metal concentrations were not 
significantly different (ANOVA HSD; df 9; p >0.05). This 
could be due to the osmoregulatory capacity of Dotilla 
spp. which is largely influenced by the external salinity and 
as a result of the inverse relationship between increasing 
salinity and metal uptake in crabs. Results obtained from 
this study contribute to our understanding of crabs’ 
response to metal uptake and concentration in the 
context of global climate change, more specifically with 
respect to near-future coastal acidification. 

Keywords: heavy metals, coastal acidification, crab, 
sediment, water, estuary
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Microplastics have been reported in marine 
environments worldwide. It is thus important to 
understand their distribution and implications on 
marine habitats and marine biota. Accurate assessment 
of quantity and type is therefore needed. This study 
assessed the microplastic contamination of marine filter 
feeder cockles (Anadara anticuata) in 21 beaches along 
7 coastal regions representing the entire eastern coast 
of Tanzania. Sampling and laboratory analysis followed 
standard procedures. The results showed a significant 
accumulation of microplastics in the filter feeder with 
an average of 1particle per individual cockle which 
indicates higher pollution levels along the coastline. 
Cockle samples from the Dar es salaam City showed 
comparatively higher accumulation of microplastics with 
an average of 4 particles per individual. The prevalence 
of plastic pollutants in cockles corresponded with socio-
economic activities of contaminated beach habitats 
where they live which signify a potential health risks for 
seafood consumers and ecosystem. The contaminated 
cockle species is widely distributed along Tanzanian 
coastline thus can be used as good ecological indicators 
of microplastics contamination in the areas. 

Keywords: Filter feeders; Indicator species; Microplastic 
accumulation; Coastal pollution 
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Background 

The harvest of Loligo reynaudii d’Orbigny, locally referred 
to as “chokka,” represents the single most important 
cephalopod fishery, and third largest commercial 
fishery, in South Africa. The chokka squid fishery is 
plagued by highly variable catches on both annual and 
inter-annual time scales, owing to both long-term and 
short-term changes in environmental conditions along 
the Eastern Agulhas Bank (EAB). The chokka squid are 
known to form near-shore spawning aggregations along 
South Africa’s southeast coast, between Plettenberg 
Bay and Port Alfred. It is during the formation of these 
aggregations that chokka squid are targeted by the 
coastal hand- jig fishery. Ultimately, catch abundance is 
concomitant to the successful formation of these near-
shore spawning aggregations. Loligid squid utilize a high 
degree of visual courtship during mating, using specialised 
chromatophilic cells which produce unique patterns, 
known as ethograms. Due to the importance of visual 
stimuli in the spawning process of these nektobenthic 
species, it has been hypothesised that the main deterrent 
of spawning behaviour, and the resultant drop in squid 
catches, is closely linked to a reduction in the optical 
clarity within the water column. The Benthic Nepheloid 
Layer (BNL) is a combination of suspended organic 
particulate matter and sediment which concentrates 
into a layer directly overlying the seafloor, reducing 
underwater visibility. Upwelling events provide the 
conditions necessary to facilitate largescale productivity 
along the EAB. This filters down the water column 
forming patches of densely concentrated particulate 
matter, which is strongly influenced by the surrounding 
oceanographic conditions. Following the extreme low 
catches of the chokka squid fishery in 2013, there is a 
resurgence in the need to understand the environmental-
catch relationship. Understanding the dynamics of BNL 
formation and maintenance along the coast will go a long 
way to unpacking the complex relationship between 
catch abundance and environmental variability. 

Methods 

To investigate turbidity along the EAB more quantitively, 
bottom temperature and turbidity were recorded using 
self-contained OBS sensors (D&A OBS-3/Campbell 
Scientific OBS-3A) at a depth of 25m at locations 
traversing the main Chokka spawning grounds. A 
17-month insitu time series of benthic turbidity was 
collected from November 2002 to March 2004 in 
Algoa Bay, South Africa. This was supplemented by two 
“extended-bays” studies, assessing the simultaneous 
BNL dynamics at critical embayments along the 
spawning grounds, namely St Francis Bay, Oyster Bay & 

Oubos Bay. Hourly data on wind speed and direction 
was obtained from the South African Weather Service 
(SAWS) for the Port Elizabeth Airport Weather Station 
(0035209B1). 

Results 

Analysis of the data indicates benthic turbidity events 
are found year-round within Algoa Bay. Non-turbid 
conditions, representative of good underwater visibility, 
prevailed for 68% of total readings over the course 
of the 17-month time series, or ~282 days. Benthic 
turbidity conditions which correlate to underwater 
visibility of 0.5m or less, account for 7% of the total 
readings, or ~27 days. Turbidity values characteristic 
of elevated concentrations of particulate matter, and 
whilst not dense enough to produce ‘’black-out’’ turbid 
conditions, may represent the presence of a less dense 
nepheloid layer. These account for 25% of total readings, 
or ~102 days. The results of the 2002 & 2003 ‘extended 
bays studies indicate that turbidity events occur not in 
isolation but in varying degrees of intensity along coast. 
With the intensity of turbid conditions linked closely 
to regional upwelling & oceanographic conditions. The 
results of the time-series experiment in Algoa Bay 
reinforces the notion that the across-slope movement 
of water masses as a result of periodic upwelling and 
downwelling plays an integral role in the distribution of 
turbid water masses. Upwelling, as a result, may act as a 
conveyor belt, carrying the BNL to and from the squid 
spawning grounds – resulting in periods of fluctuating 
BNL intensity. 
Conclusion 

This study shows the extensive nature of benthic 
turbidity events along the EAB. Benthic Nepheloid 
Layer formation and continued maintenance within the 
water column appears complex, as turbid conditions 
exist as a result of a variety of different environmental 
conditions. The presence of highly turbid water 
masses has profound consequences not only for squid 
abundance and future recruitment, but for the entire 
ecology of the area when present. More work is needed 
to characterise the physical and organic constituents 
of the BNL. A much-improved understanding of the 
relationship between benthic nepheloid layer formation 
and the environment will increase forecast proficiency 
and thus improve the ability of fisheries managers 
to control what is an already erratic fishery. It is 
therefore essential that ecological relationships with 
the environment are wholly unpacked, in order to blaze 
towards resource resilience within the Anthropocene. 

Keywords: Oceanography, Marine Systems, Turbidity, 
Ocean Weather, Squid, Upwelling
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4Tanzania Fisheries Research Institute (TAFIRI), P.O. Box 
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The living standards of the majority of residents in Tanga, 
Northern Tanzania coastal waters and Malindi in the 
Northern Kenya Bank strongly rely on fishing activity in 
the East African shelf region. Thus, understanding variations 
of SST and its related parameters like thermocline depths 
and upper ocean circulation are of crucial. This study 
applies regional model to understand interannual spatial 
relationship of ocean circulation and SST between the 
ocean off Northern Tanzania and Northern Kenya bank. 
The results indicate that slight difference in variations off 
Tanga coast in the Northern Tanzanian shelf region and that 
in the Northern Kenya Bank off Malindi coast. Such small 
variations might have local impacts to the community in 
terms of fishing and primary productivity. The coastal waters 
off Malindi indicate stronger variations particularly in 1997 
(cold SST) and 1998 (warm SST) than that off Tanga region. 
Off Malindi, the SST anomalies seem to be associated with 
thermocline and SSH while that off Tanga relate to only SSH. 
This knowledge provides understanding of fishing activities 
over these regions which may be used for planning and 
management of those activities in the regions.

POSTER
Larvae and Post Larvae Fish Abundance and 
Composition in Mangrove-Seagrass Seascapes of 
Zanzibar-Tanzania. 
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1Institute of Marine Sciences, University of Dar es 
Salaam, Mizingani Road, P. O. Box 668, Zanzibar, Tanzania 
2Department of Ecology, Environment and Plant 
Sciences: Stockholm University, SE-106 91 Stockholm, 
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Email: barnabas.tarimo@su.se

Fish larvae supply in nearshore vegetated habitats, 
such as seagrass and mangroves are important factors 
contributing to sustainable fish stocks. Yet, few studies have 
characterized patterns of fish larvae supply to mangrove-
seagrass habitats in coastal Tanzania. In this study, larvae 
and post larvae fish abundance and composition of 
both commercial and ecological important fishes were 
studied in seagrass and mangrove habitats on a monthly 
basis from January to September 2018 together with 
habitat characterization. We sampled two sites with three 
stations per each habitat, i.e. dwarf Thallasia seagrass close 
to mangroves, tall Thallasia seagrass close to coral reef and 
mangroves channel to determine larvae and post larvae 
fish distribution in relation to habitat health and North 
East Monsoon (SEM) and South East Monsoon (SEM) 
climate patterns. Using subsurface plankton net towing 
with 500-µm mesh size resulted in a collection of 1285 
larvae and post larvae fishes representing 33 families of 
fish, the majority of them belonging to adult coral reef 
fishes. The majority of larvae collected in all seasons were 
at late stage of development i.e. post larvae with total 
length of 10-30 mm, except in mangroves channel during 
heavy rainfall season when early larvae stages with a total 
length of <7mm were collected. Overall, eight families 
belonging to Gerreidae (23%), Gobiidae (13%), Sparidae 
(12%), Lutjanidae (7%), Apogonidae (6%), Siganidae (5%), 
Scaridae (5%) and Syngnathidae (5%) were dominant in 
the study area, while the other families contributed less 
than 4%. The overall density of fish larvae at all sites was 12 
larvae per 100m3 with large differences between stations 
and seasons. We observed highest larvae abundances in 
Mangrove channels, followed by tall Thallasia seagrass 
sites close to reefs and Thallasia seagrass beds close to 
mangroves. These finding are useful to fisheries resource 
managers for conservation prioritization under increasing 
degradation of coastal vegetated habitats.

POSTER
Fish Assemblages in Seaweed Farms and Adjacent 
Seagrasses and Coral Reef habitats 

*BATULI M. YAHYA; SALEH A.S. YAHYA; AVITI J. 
MMOCHI; NARRIMAN S. JIDDAWI 

Institute of Marine Sciences, University of Dar es salaam 
P.O.Box 668, Zanzibar Tanzania. 

Email: batulymo@gmail.com

Background 

Seaweed farming has been practiced in Zanzibar for the 
past few decades. Currently there is emphasis on moving 
seaweed farming to deeper waters using the floating 
method. This may have an influence on fish aggregation 
and fisheries in seagrass and beds and adjacent coral reef 
areas. The present study investigated fish assemblages 
in off-bottom (using peg and line method) and floating 
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(using tubular net method) seaweed farms in comparison 
to adjacent seagrasses and coral reef habitats at Pongwe 
pwani, Zanzibar. Objective i. To assess the fish assemblage 
structure in E. denticulatum farms and adjacent seagrass 
and coral reef habitats Study questions i. Do the 
fish occurrence, diversity and abundance differ in E. 
denticulatum farms compared to adjacent seagrass and 
coral reefs habitats? 

Methods 

This was accomplished by assessing the occurrence, 
diversity and abundance of fish species using Underwater 
Visual Census (UVC) and setting fixed basket traps locally 
known as ’dema’ to catch fishes in seaweed farms and 
adjacent habitats. Belt transects measuring 10 x 4m were 
used to observe fishes in seagrass and coral reef habitats, 
observation was done by snorkeling in seaweed farms. 

Results 

Overall 63 species of fish were observed by using transect 
method and 51 species were caught using ‘dema’ traps 
with higher abundance and diversity in coral reefs than 
other habitats. However, the results of this study show 
that some fish species are observed to move between 
seaweed farms (floating) and other adjacent habitats like 
seagrasses and coral reefs for shelter, refugee or feeding. 

Conclusion 

This study conclude that seaweed farms by off bottom 
(using peg and line) and floating methods (using tubular 
nets) are potential habitats for several fish species and 
the seaweed farms ecologically can influence the adjacent 
habitats. The implications this has on the positioning of 
seaweed farms in relation to seagrass beds and coral reefs 
and the subsequent effects on fisheries.

ORAL - Tuesday, LT1, 1200 
Mangrove characterization and crab (Scylla serrata) 
productivity estimation using spatial tools: the case 
of three West Malagasy mangroves. 
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PENNOBER1, PIERRE VALADE2, MARC ROBIN3, 
PHILLIPE ROUET4, CHRISTOPHE REVILION4 
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Saint Denis, La Réunion. 
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3Université de Nantes, UMR CNRS 6554 LETG, BP 
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4Université de La Réunion, UMR 228 Espace-Dev, Saint 
Pierre, La Réunion 
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Mangrove ecosystems have been exploited for their 
fisheries resources since the Paleolithic period, with 
differences in intensity between habitats and periods. 
Changes in the exploitation of these resources have 
been seen over very short periods of time. For 
example, in Madagascar, the mangrove crab Scylla serrata, 
traditionally exploited by small and mediumscale fishing 
activities, saw increased marketed catches of more than 
300% from 2004 to 2014, i.e. from 1,500 to 4,500 ton. 
Due to the opening of markets for live crabs to Asian 
countries, S. serrata has become a high-value resource 
in Madagascar. In 2014 an overfishing risk was identified 
by the Malagasy State, which lead to the implementation 
of emergency management measures including a four-
month fishing ban (1 July to 31 October 2014), an annual 
operating quota, and a mangrove-timber territorial ban. 
The calculated 7 500 t/year operating quota is based on 
(i) annual mangrove productivity data of 2,5 ton perkm², 
obtained by the THOMPSON and BELL model (1934) 
from a study conducted on seven Mahajanga mangroves 
between 1989 and 1990; and (ii) an estimated total 
mangrove area of 3 000km2. The measurement protocol 
of the latter study remains unknown. Depending on the 
author, estimated Madagascan mangrove area ranged 
from 4,000 to 3,038km2 between 1921 and 2004. These 
differences are often misinterpreted in terms of dynamics. 
The latest measurements by Océa-consult (2015) give 
approximately 2 825km2 as the total mangrove area. 
Current knowledge about S. serrata habitat distribution 
and preference are poorly established. 

This study aims to estimate mangrove productivity of crab 
resources using remote sensing, starting with a distribution 
and habitat preference study of S. serrata crabs in 
mangroves and a spatial characterization of this ecosystem. 
To address these objectives, field studies were carried out 
in Madagascar, at Mahajamba Bay, Mahavavy Delta (two 
estuarine mangroves in the North-West), and Morombe 
(a coastal mangrove in the South-West) between May and 
August 2018. For each 100m² plot, the following data were 
collected: geographical location, vegetation parameters 
(mangrove species, tree height, tree circumference, and 
vegetation cover), physical parameters (soil consistency 
and water height at high tide) and burrow number of S. 
serrata crab (active and inactive). In addition, variables 
from satellite imaging such as distance to the coast or 
channel, as well as mangrove type were created and added 
to the database. At all sites, 151 samples were collected. 
A first modeling test based on the data set showed that 
the mangrove type (estuarine or coastal) is the most 
discriminant variable. As a result, a multiple linear regression 
analysis was performed with R-software on two datasets 
(estuarine mangrove and coastal mangrove), to assess the 
relationships between the number of burrows (explained 
variable) and habitat type (predictors). Subsequently, a 
spatial analysis was performed with various satellite-
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imaging data including a Landsat image chronicle (1988-
1998-2008-2018) to study mangrove dynamics. Sentinel-2 
images provided information on recovery rates, mangrove 
species and hydrological functioning from water turbidity 
chronicles. After geometrical and atmospheric corrections, 
an object-oriented classification approach with eCognition 
software was used to discriminate different surface states 
and produce relevant geographical information. The 
mangrove heights were estimated and extracted from the 
Japan Aerospace Exploration Agency (JAXA) Global Digital 
Surface Model. In parallel, a geomorphological division into 
entities was carried out. Spatialization allowed creation of 
geomorphological layer vectors (polygons): geomorphology, 
sedimentology, hydrological conditions (high, medium and 
low turbidity), associated vegetation cover (dense, less 
dense and sparse), and environmental dynamics. These 
vectors were merged to allow a characterisation of the 
habitat. In terms of dynamics, there is a clear advance of 
the mangrove towards the sea, about 600m in Mahavavy, 
340m in Mahajamba and 170m in Morombe, over a 30 year 
period. Despite these expansions, for the period 1988 to 
2018, there was a surface loss of 7 218 ha at Mahajamba, 12 
896 ha at Mahavavy, and a surface gain of 96 ha at Morombe. 

The modeling test result showed that for the northern 
sites (Mahajamba, Mahavavy), the most significant variables 
to explain crab burrow distribution are: coastal distance 
(p <0.001); tree diameter at breast height (p=0,001); 
adult plant number of Avicennia (p=0,051), Ceriops 
(p=0,01) and Sonneratia (p = 0,002); and juvenile plant 
number of Bruguiera (p=0,009) and Sonneratia (p=0,078). 
For the southern site (Morombe), the most significant 
variables to explain crab burrow distribution are: coastal 
or channel distance (p=0,08); adult plant number of 
Avicennia (p=0,097) and Bruguierra (p=0,037); juvenile 
plant number of Bruguierra (p=0,007) and Rhyzophorra 
(p=0,001); and soil consistency (p=0,013). 

To conclude, at the northern sites (Mahajamba, Mahavavy) 
there has been a considerable loss of mangrove area. At the 
southern site (Morombe) there has been a small increase 
in mangrove area. However, new areas of colonization in 
the coastal zone are probably favoured by very strong 
sedimentation, especially at the northern sites. We did 
not identify a variable that could explain crab resource 
distribution in a generic way for all observed sites, which 
have different geomorphological contexts. Satellite image 
processing allowed the creation of different geographic 
information layers for contextual mapping of each site, as 
well as updating current mangrove area data. 

Keywords: Mangrove, crab, overfishing, burrows 
distribution and remote sensing
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Understanding spatial interactions between maritime 
human activities and the use by marine mammals of the 
marine habitat has several applications for conservation 
and management but requires efficient monitoring 
techniques. In this context, the CetADNe project aims 
at developing environmental DNA (eDNA) techniques 
for cetacean conservation. Traditional monitoring 
techniques remains problematic for marine mammals 
and the continuous decline of marine biodiversity calls 
for alternative and efficient techniques for large-scale 
biodiversity monitoring. The proposed eDNA approach 
relies on seawater filtering from an inflatable boat, 
followed by DNA extraction and a metabarcoding analysis 
using taxon specific primers. It is therefore non-invasive 
and aims at detecting, in any environmental sample, like 
sea water, DNA of targeted species. Environmental DNA 
holds great potential and the techniques will be applied 
in different French MPAs as a pilot study. First results will 
be presented.
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The influence of ecosystem structure and diversity 
on fisheries productivity within seagrass meadows 
in the Western Indian Ocean. 
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The degradation of habitats is a primary driver of 
biodiversity loss within coastal environments. Structural 
simplification is, in part, a causal factor in this loss and 
as a result terrestrial biodiversity conservation is 
underpinned by conserving specific habitat qualities and 
characteristics. In general, habitats with heterogeneous 
structures are better for conserving biodiversity, as 
faunal diversity is positively correlated with habitat 
heterogeneity. Similarly, preserving specific and unique 
biological legacies enhance habitat quality, biodiversity 
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and ecosystem function. However different taxa respond 
to habitat heterogeneity over a range of spatial scales, 
and the aspects of habitat composition and complexity 
that are key for positive relationships remain unclear 
for coastal habitats such as seagrass. This research 
specifically assesses the influence of both habitat 
diversity and structural traits on faunal diversity (finfish) 
in tropical seagrass meadows in Zanzibar, Tanzania. 
Seagrass meadows in Zanzibar provide a suitable setting 
to test this hypothesis in that they are complex an 
comprised of a number of species (this study n=9) in 
varying densities. These are characteristically comprised 
of mixed and monospecific Halodule uninervis, Halophila 
ovalis, and Cymodocea rotundata areas towards the upper 
intertidal limits of the meadow, shifting to both mixed 
and monospecific H. uninervis, C. rotundata, Thalassia 
hemprichii and H. ovalis areas in the lower intertidal limits 
of the meadow. The upper subtidal areas are comprised 
of C. serrulata, T. hemprichii, H. ovalis and Syringodium 
isoetifolium, shifting to C. serrulata, T. hemprichii, H. ovalis, 
S. isoetifolium and Thalassodendron ciliatum before being 
dominated by T. ciliatum and Enhalus acoroides, growing 
in monospecific strands, in deeper areas. Each of these 
species’ mixes provide different structural characteristics 
and complexity. Eleven sites across a gradient in both 
anthropogenic impact (e.g. land use, eutrophication) 
and fishing pressure were used, and sampling points 
were non-randomly selected within and across sites 
to encapsulate variability in both seagrass structure 
and species richness. At each individual sampling point 
(n=55) seagrass morphometrics were recorded, along 
with biodiversity assessments. For each individual 
sampling point, 22 haphazardly placed 0.25m2 quadrats 
were sampled from within the seagrass meadow. Shoot 
density (0.0225m2) was recorded as was total percentage 
cover and floral species composition. Canopy height 
was recorded using the mean height of three leaves in 
each quadrat, as was leaf width. Percentage epiphyte and 
algal cover were recorded using the Seagrass-Watch 
quadrat metrics. The relative abundance and diversity 
of fish assemblages were evaluated using mono-camera 
Baited Remote Underwater Video systems (BRUVs), 
Underwater Visual Census surveys (UVCs) and 
herbivory assessments. Understanding how habitat traits 
link to fisheries, while critical for fisheries management, 
is also important to understanding the vulnerability 
and resilience of both marine systems and the human 
communities that depend on them to change. There 
exists an urgent need to understand the relationship 
between ecosystem structure (both composition and 
richness) and tropical marine small-scale fisheries. This 
research presents an overview of this relationship using 
seagrass meadows in Zanzibar as a model system and 
potentially changes our understanding of the importance 
of floral diversity for faunal biodiversity.
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Background 

In developing countries, where data and resources 
are lacking, the practical relevance of Local Ecological 
Knowledge (LEK) in order to expand our understanding 
of the environment has been highlighted. The potential 
roles of the LEK varies from direct applications such 
as gathering environmental information to a more 
participative involvement of the community in the 
management of resources they depend on. Fishers’ LEK 
could therefore be useful in order to obtain information to 
advance management of coastal fisheries. Many targeted 
fish species migrate between habitats to feed, spawn 
or recruit, connecting important habitats within the 
seascape. LEK could help provide answers to questions 
related to this connectivity and the identification of 
fish habitat use, and migrations for species and areas 
where such knowledge is scarce. Here we assess fishers’ 
LEK on connectivity between multiple habitats within 
a tropical seascape, investigate the differences in LEK 
among fisher groups and the coherence between LEK 
and conventional scientific knowledge (CSK). 

Methods 

The study was conducted in 6 different locations in 
Zanzibar, Tanzania between September and November 
in 2017. One hundred and thirty-five semi-structured 
interviews were conducted. A minimum of 20 interviews 
were performed at each site. Firstly, questions were 
asked to gather the demographics of the respondents. 
Secondly, questions were asked to gather data on LEK 
about habitat use and connectivity of selected species 
of fish. Three general questions regarding different 
types of fish migrations between habitats (diurnal/
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feeding, spawning and ontogenetic) were asked. This 
section also contained pictures of fish species (juveniles 
and adults) and different habitats for the respondent to 
match the fish species to the habitats in which they are 
found. An array of fish species were included that either 
use single or multiple habitats. Towards the end, an 
open dialogue was held to better understand the level 
of ecological knowledge that the respondent possessed. 
Lastly, respondents were asked how they gained their 
knowledge that they demonstrated in the interview. 

Results 

The respondents were all male and between the ages of 
17 and 75 years. Eighty-four percent of respondents had 
a formal education background, whether it was primary 
education (23%), secondary education (59%) or tertiary 
education (2%). Differences between fisher groups 
were found, where fishers travelling further, exposed 
to multiple habitats, and fish with multiple gears had a 
greater knowledge on connectivity patterns within the 
seascape than those that fish locally, in single habitats 
and with just one type of gear. A high degree of overlap 
in LEK and CSK was found, highlighting the potential 
benefits of collaboration between scientists and fishers 
and the use of LEK as complementary information in the 
management of small-scale fisheries. 

Conclusions 

Local fishers of Zanzibar had a high knowledge of 
connectivity, but leading more towards a general 
understanding of connectivity than the in-depth 
knowledge of connectivity which scientists possess. 
However, this knowledge that local users possess 
(LEK) would aid fisheries management with valuable 
information regarding fish ecology and behaviours when 
used in conjunction with the knowledge gained from 
scientists (CSK). Results suggest differences between 
fisher groups. This should be recognized when finding 
“experts” within the local fishing community to consult in 
fisheries management. We suggest that a comanagement 
approach to devising and implementing management 
proposals that incorporate both epistemological 
knowledge systems of LEK and CSK regarding seascape 
connectivity would increase the effectiveness of natural 
resource management in aquatic environments. 
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Background 

The crustacean trawl fishery off KwaZulu-Natal, on the 
east coast of South Africa, began in the 1960s. With the 
improvement of global positioning systems, point data 
for trawl start positions became available from 2000. The 
deep-water trawl grounds consist of two sections: a small 
northern section and a much larger southern section. The 
results of the analyses conducted for this presentation 
are based on these high resolution data collected from 
2000 until 2017. The overall objective of the study was 
to determine areas of the trawl grounds that had the 
highest concentrations of effort and catch rates of the 
target species: knife prawn (Haliporoides triarthrus), African 
lobster (Metanephrops mozambicus) and deep-sea red 
crab (Chaceon macphersoni). It also aimed at exploring 
the changes that have occurred over the last 18 years in 
the distribution of the effort and target species catches. 
Furthermore the study aimed to explore the overlap or 
separation, if any, between the distributions of the three 
species. 

Methods 

Data collected from the drag sheets submitted by trawl 
companies to the Department of Agriculture, Forestry 
and Fisheries were used in this study. The data were 
validated and trawls with durations of less than thirty 
minutes and more than eight hours were eliminated 
along with trawls with incorrect position data and no 
depth records. Using Arc-GIS the data were plotted onto 
maps using a five kilometre resolution grid to aggregate 
the drag points. Maps were produced to show the 
total effort and catch rates over the entire period to 
provide approximate magnitudes for the overall dataset. 
Spatial autocorrelation, using the global Moran’s I tool, 
determined the existence of non-random clustering of 
the effort and catch rates. Space-time cubes were used 
to package the data into location and time bins which 
were analysed with the Mann-Kendall trend test to create 
trend data. Emerging hotspots were defined using the 
Getis Ord Gi* statistic and Anselin local outlier analysis. 
Two-dimensional visualisations were used to display the 
overall changes over the study period. 

11th WIOMSA Scientific Symposium 82



Results 

Most of the trawling effort is in the southern section of 
the trawl grounds. Half of all trawl hours occur at depths 
between 351 and 400 m followed by 17% between 401 
and 500m and 16% at 201 to 250m. CPUEs for the whole 
period are highest for knife prawns on the southern and 
eastern edges of the southern trawl grounds, along the 
north eastern boundary of the southern section for 
African langoustines and, in the southern part of the 
southern section of the trawl grounds for the deep-sea 
red crabs. The results of the global Moran’s I test showed 
positive index results for the majority of years indicating 
that the fishery occurs in non-random clusters. For effort 
and the three species the peak z-score trend line declines 
over the study period. This indicates that clustering 
became less pronounced over time. The overall distance 
threshold for the dataset ranged from 3887 m to 15540m 
so the bin size of 5000m was felt adequate for the space-
time cubes without losing patterns to reduced resolution. 
The Mann-Kendall trend test showed that there was a 
significant decrease in trawls over time. For trawl hours, 
trends in knife prawns and deep-sea red crabs were not 
significant overall but langoustines showed a significant 
increase overall. For all datasets there were locations 
that showed both significant increases and decreases in 
effort and catch. The emerging hotspot analyses showed 
that all four datasets had varying degrees of hotspots (= 
areas of high effort/catch) in the southern section of the 
trawl grounds while the northern section had varying 
degrees of cold spots (= low effort catch). 

Conclusions 

The results of this study show that the southern portion 
of the southern section of the trawl grounds has been 
most productive for the past 18 years. Declining trends 
in catch rates for all species in the areas where effort 
is highest are prevalent and in the areas where fishing 
effort has declined there are significant increases in catch 
rates. There is a likelihood that decreases in profitably 
of the fishery have led to the concentration of effort in 
the most southern part of the trawl grounds. This has 
probably come about due to rising fuel and staff costs 
that have necessitated the vessels operating as close to 
the Durban harbour as possible thereby reducing fuel use 
and sailing time and subsequently increasing profitability. 
The biology of these species is not well known and no 
stock assessments have been conducted for the fishery. 
Management of the fishery is effort-based with the status 
quo having been maintained for a long time without a 
formal review. The results of this study show that even 
with the relatively low fishing effort that is directed at 
these crustaceans, compared to other industrial fisheries 
in the country, there are still quite significant effects. 
The need for further research is identified, particularly 
in the WIO regional context, as these crustaceans’ 
populations are likely connected to targeted populations 
in Mozambique. 
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Sea Walls for a Rising Sea in Tanzania? A Feminist 
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In June 2018, the Tanzanian state announced the 
completion of 2,400m of sea walls in seven different 
sites along the coast to protect vulnerable villages and 
cities from the threat of rising sea-levels at a cost of 
more than $8 million dollars. Media accounts estimate 
sea-level rise in Tanzania will be between 0.5 and 1.4 
feet by 2050. While policy makers and the media paint a 
picture of “people being swallowed by the sea”, scientific 
assessments indicate that mean sea-level is actually 
falling along Tanzania’s coastline (Wenzel and Schroter 
2010, Woodroffe and Horton 2005, and Woodworth 
et al. 2007). Sea-levels may be rising eustatically across 
the globe, however, falling rates of sea-level in coastal 
Tanzania are attributed to the rise of the coastline from 
tectonic plate movements associated with the East 
African Rift Valley (Benjaminsen et al., 2008). In Mafia 
Island Marine Park (MIMP), where the research for this 
paper was conducted, women’s traditional ecological 
knowledge aligns with scientific accounts of falling 
sea-levels and warming ocean temperatures. Women 
are acutely aware of these ecological changes because 
sea-level and water temperature are critical factors in 
determining seaweed species suitability and spatial extent 
for seaweed farming. Seaweed farming is now one of 
the few permissible, but not promoted, activities within 
MIMP. This paper raises important questions about why 
the real climate change threat of warming seas (Cheng 
et al. 2019), now exacerbated by falling sea-levels in 
coastal Tanzania, is seemingly ignored by climate policy 
and its implementation. It also askes, why scientific and 
gendered traditional ecological knowledge is unable to 
challenge and change climate change narratives resulting 
in ill-conceived climate change policies? Through the 
lens of feminist political ecology, this paper traces how 
knowledge is produced, by whom and for whom; whose 
knowledge is legitimated and whose is silenced; and the 
integral role gendered traditional ecological knowledge 
can play in climate change policies. As such, I demonstrate 
the need for a concerted engagement with the changed 
world of environmental policy and discourse to challenge 
ill-conceived climate change narratives and put gendered 
traditional ecological knowledge back in the picture on 
more politicized terms. 
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Background 

Sand mining activities are common in estuaries and the 
lower reaches of rivers in the coastal catchments of South 
Africa. The environmental and societal costs that result 
from these activities are almost entirely externalised. 
Sand mining results in loss of riparian and floodplain 
vegetation, altered channel morphology, direct loss of in-
stream habitat, direct loss of benthic organisms, increased 
water column turbidity, sedimentation of downstream 
habitats, reduced sand supply to downstream environs, 
altered sediment (habitat) characteristics, accelerated 
beach erosion, and instability/failure of public and private 
infrastructure. Estuarine ecological theory suggests 
that the effects of sand mining would have important 
implications for estuarine structure and function, and 
yet sand mining has received almost no attention from 
the scientific research community. In addition, there is 
no substantial information in the public domain and 
sand mining operations are often conducted unlawfully, 
precluding regional assessment on the basis of mining 
permit procedures. This leaves sand mining activities in 
South Africa almost completely unquantified, despite 
potentially significant effects on estuarine health and 
ecosystem services. Estuaries are among the most 
productive ecosystems on Earth and they attract a 
wide diversity of user groups that often compete for 
resources. Quantifying the demand for sand mining, 
a consumptive use with high opportunity costs, is 
therefore fundamental to the planning and management 
of equitable human use of these critically important 
habitats. This study was a preliminary attempt to develop 
a quantitative description of sand mining activities in the 
province of KwaZulu-Natal on the east coast of South 
Africa using remote sensing data.

Methods 

Google EarthTM is a remote sensing resource that 
provides freely available time-series satellite imagery and 
a user-friendly interface that is well suited to rapid spatio-
temporal data analysis. All Google EarthTM satellite time-
series imagery available was surveyed for 68 estuaries 

between the uMhlathuze in the north and the uMthavuna 
in the south of the province for the period 17 April 2001 
to 30 July 2018. The survey was extended ca. 10 kilometres 
upstream of each estuary, as sand mining effects in the 
lower reaches of rivers would be anticipated to manifest 
downstream. Where active sand mining was identified, 
the date and location were recorded and a qualitative 
intensity rating was assigned as follows: (1) borrow pit 
(small scale, generally off-stream), (2) small scale, informal 
(small scale, instream borrow pits, typically intermittent), 
(3) small scale commercial (generally including heavy 
plant, stockpiling evident, typically three or more roads), 
(4) large scale commercial (large scale commercial 
operations, obvious channel and bank alteration, with 
or without semi-permanent infrastructure, may include 
dredging activities), (5) extensive commercial (large scale 
operations with extensive changes to channel, banks 
and floodplain including flow obstruction and diversion, 
typically with some semi-permanent infrastructure, may 
include dredging activities). 

Results 

Four hundred and two mining operations were identified 
in 41 rivers and estuaries, which compared with 18 
operations identified during a once-off aerial survey 
in 2007/8, and 24 affected estuaries identified in the 
2012 National Biodiversity Assessment. The number of 
individual operations (sites) on a system (range 1 – 34) 
was not a good proxy for the intensity of mining as many 
small sites were temporary, and mining footprints and 
intensity were highly changeable. This was not unexpected 
given the scope of opportunistic mining due to the low 
barriers to entry into the industry (small, predominantly 
un-skilled/semi-skilled labour force, low equipment and 
infrastructure costs, easy identification of exploitable 
resource). Considering patterns in the size and duration 
of individual operations over the 17 year period, fifteen 
rivers/estuaries were identified as hotspots with chronic, 
high intensity sand mining activities. Thirteen of these 
included mining within estuarine habitat, as defined in 
South African law, and mining occurred less than two 
kilometres upstream of the remaining four estuaries. 
At least 27 of the affected systems were actively mined 
during the first half of 2018, suggesting sustained and 
possibly increasing pressure on terrigenous sand stocks 
in aquatic coastal habitats. Observable impacts were 
comparable with those reported in the literature, 
including: (1) loss of riparian and floodplain vegetation, (2) 
altered morphology of the channel, banks and floodplain, 
(3) obstruction and diversion of flow, (4) excavation 
of pits in the floodplain to below the water table, (5) 
stockpiling in-stream, on banks and in the floodplain, (6) 
repeated mining of specific sites, (7) the proliferation 
of ad hoc access roads, (7) complete absence of post-
mining rehabilitation measures. 
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Conclusion 

The results compared well with the limited historical 
data available. The apparent increase in the number of 
operations in the past decade corresponded with the 
reported increase in sand and aggregate mining activity 
in South Africa as the industry recovered from the global 
financial crisis of 2007/8. Hotspots previously identified 
on the basis of expert opinion were confirmed, while 
additional systems were found to support predominantly 
small scale operations (identified here as borrow 
pits, small scale, informal, and small scale commercial 
operations). Using freely available software and data for 
remote sensing analyses, although not without limitations, 
proved to be a valuable tool in the quantification of sand 
mining operations, and the study provided much needed 
data on the extent and magnitude on these activities 
in the region. It made an important first step in the 
accurate quantification of habitat loss, changes to river 
and estuary morphology, and an indication of altered 
sediment delivery to estuaries and downstream marine 
habitats in the region. Further research is planned to 
more accurately quantify the extent and intensity of 
the individual operations in order to estimate potential 
risks to estuarine structure and function. Results will be 
compared to other remote sensing databases, including 
satellite imagery and land-cover, to investigate the 
possibility of using un/supervised classification to expand 
monitoring the survey to the primary catchment level 
and address broader cumulative potential impacts on 
estuaries. This rapid survey and analysis method is highly 
transferable, and can generate long-term monitoring 
products of value to resource managers and sustainable 
development decision-makers. 
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Coastal communities in Tanzania rely on sharks and ray 
fishery as source of food and income. Limited information 
exists of the status (temporal and spatial catch trend) of the 
sharks and rays in the region and if any data are questionable. 
This calls for an improved understanding of the species 
composition of landings, the type, quantities and value of 
landed and traded products; the impacts of the fishery; 

required to inform the appropriate scales of management. 
Catch from artisanal fishery and biometric information 
for landed elasmobranch species were collected at the 
markets in three active landing sites at Sahare in Tanga 
region, Kunduchi in Dar es salaam and Nungwi in Zanzibar. 
A total of 6,746.2 kg was recorded during the sampling 
period (approximately 8 months), representing 9 families 
and 20 species. Contribution of sharks and rays were 42.7% 
and 57.3% by number and 29.9% and 70.1% by weight 
respectively. Information about the distribution of catch 
(weight landed) for landed elasmobranch species indicated 
that some elasmobranches species were landed relatively 
higher on specific landing sites. Sahare had the highest 
landings accounting 56.69% of the total landed weight. The 
remaining 43.31% total landed weight was drawn from 
Kunduchi and Nungwi landing sites. The most exploited 
group,  Manta spp., accounted for 28.6% of the landed total 
weight. They were followed by Pateobatis spp., Aetobatu spp 
and Carcharhinus spp. Similarly, Sahare displayed a highest 
number of species diversity, 13 species out of 20 species 
recorded. Catch per fishing craft and per fishing gears was 
highest for planked and outriggers canoe and sharks’ nets 
respectively. Family Myliobatidae was caught mostly by 
drift gillnet while Carcharhinidae by bottom set long line. 
Whereas, Dasyatidae and Mobulidae were predominantly 
caught by shark nets. In the absence of long term catch data, 
the comparative trends of species distribution in terms of 
landed weight and composition can be a useful indicator of 
the status of the specific elasmobranch species. Pateobatis 
spp., Rhina spp., and Taeniura spp at Sahare, Rhynchobatus 
spp, Taeniura spp., and Aetobatu spp., at Kunduchi and 
Manta spp., & Alopias spp in Nungwi highlights threats from 
overexploitation and the focus of future research. 

Keywords: Sharks, rays, elasmobranch, catch, species 
composition, overexploitation. Poster presentation
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Introduction 

The atmosphere is compound by a mixture of gas that 
involves the earth, making pressure in to the surface. The 
variation of pressure has a direct influence to sea level, 
an increase of 1 hPa atmospheric pressure influence 
on the decrease of 1cm in the sea level, called these 
phenomena of “Inverse Barometer Effect” (Ainscow, B. 
1985), Although, this relationship is assumed to hold 
true for most locations, departures from the 1mb: 
-1cm ratio have been found in some locations (Mathers 
and Woodworh, 2001). Nevertheless, low atmospheric 
pressure makes a significant contribution to the elevation 
of the sea surface that is associated with a storm surge. 
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The meteorological overhead is obtained by difference 
between sea level predict and the sea level observed ((Bié, 
A. 2017), (Viera, A. 2012)). There are some regions where 
atmospheric pressure, with inverse barometer effect 
influence more than 50% of increment storm surge (Olbert, 
A. 2010), causing flooding in the coastal regions. Pemba is 
the provincial capital of the Cabo-Delgado, is localized in 
the African oriental coast, south Nampula province and 
north Republic of Tânzania, in west Niassa province and in 
the east is bathed for Indian ocean. It’s situated between 
the parallels 12˚57’ up to 13˚7’ S latitude and 40°28’ up 
to 40°31’ E longitude (Pereira, R. P. S. 2012). Present dry 
subhumid climate, where mean precipitation varies between 
800 up to 1000 mm and mean temperature varies between 
24 up to 26ºC. 

The objective of this study is to verify the inverse 
barometer effect happen in Pemba Bay. Where would be 
observe the behavior of the sea related with pressure 
variation at sea level, studying the relationship between 
these two variables for a period of 5 years (2008-2009). 
Trying to understand linear relation between sea level 
and pressure variations. 

Results 

Based on the observation of the tidal curve figure 2 it 
was possible to observe that in Pemba, the tide has a 
semi-diurnal behavior the same observed by (Sete, at all 
2002), presenting two maxima in a day. Using the simple 
lien regression, it was possible to obtain the degree of 
dependence between the pressure and the tide variation, 
which was -0.14673. Since the correlation coefficient is 
negative, this raises the conclusion that the variables are 
inversely propositional. Thus, as the pressure decreases 
to an increase in sea level. 

Conclusions 

During the period of study of the tide and the pressure in 
the city of Pemba, they showed a non-linear relationship 
and a negative correlation coefficient of -0.14673, 
agreeing with the effect of the inverted barometer. 
The sea level during the summer months presented a 
pattern below the predicted level, in the winter months 
it presented a pattern above the predicted level, where 
these situations occurred in most cases except for some 
periods.

Keywords: Inverse barometer, sea level, Pemba Bay.
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Marine aquaculture is fast developing worldwide, and 
aquaculture has already surpassed wild catch for many 
important commercial species. Moreover, aquaculture 
is an activity that is highly sensitive to the surrounding 
environment. One of the major debates on aquaculture 
is attraction of sharks and shark proliferation around 
cages. The shark-human interaction has for years been 
complex and difficult to address. Mauritius and Reunion 
Islands, both located in the south west Indian Ocean 
have been subject to human-shark arguments based on 
aquaculture activities. Nevertheless Reunion has suffered 
from shark attacks while Mauritius has so far been spared 
of any sort of shark attack excluding provoked ones. Two 
studies were conducted in both Mauritius and Reunion 
Islands. For Mauritius, three baited Remote Underwater 
Videos (BRUVs) system and one unbaited stationary 
video system method (USV) was used to assess the 
shark-aquaculture interactions around and inside the fish 
farm. The three unit of BRUVs were placed 50m next to 
the floating cages at a depth of 20-25m while the USV 
was placed at three-specific location under the floating 
cages at a depth of 20m for monitoring of 30 mins 
intervals. Additionally, the USV was used during feeding-
time (11hr00 a.m) to assess predator aggressiveness. The 
surveys were conducted on a daily basis for one month 
and thereafter on a monthly basis from April 2018 till 
January 2019 both at dusk (17hr00 p.m) and at night from 
19hr00 for both methods. Baits used were frozen species 
of the family scombridae and fresh pieces of Sciaenops 
ocellatus. Video monitorings showed no sharks attraction 
neither to the baited and unbaited systems nor any visual 
detection of sharks around the fish cages during feeding 
times. Over the monitoring periods, 21 sightings of the 
predatory fish of the genus Sphyraena were seen around 
the floating cages with no interest on the fish inside cages. 
For Reunion, as part of the CHARC program, two studies 
were conducted, one based on the use of an underwater 
camera and one based on acoustic telemetry. The first 
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study consisted of the deployment of a high-definition 
underwater camera that filmed continuously under the 
aquaculture cages, during the hours of days (9:00 am to 
6:00 pm), for a month. Over the study period, there were 
218 shark sightings including 217 bull sharks, alone or in 
groups, and one nurse shark (Nebrius ferrugineus). A large 
part of these observations is attributed to 8 female bull 
sharks, with were around 250cm Lt. The times of presence 
in the cages were generally low, although variable from 
one individual to another. The study of shark behavior 
did not reveal hunting or aggressive behavior of bull 
sharks under cages, even when feeding fish. The second 
study uses acoustic data of bull sharks tagged during the 
CHARC program. A listening station was deployed under 
the aquaculture cages from 2012 to 2014. During this 
period, each time a tagged shark (N bull shark = 38) come 
around cages, its presence has been recorded. From these 
data, the number of sharks detected on the aquaculture 
farm site was studied according to the presence of cages 
with fish inside, the presence of cages without fish and 
the absence of cages. The results confirm those obtained 
using cameras with a variable but relatively low presence 
of bull sharks on the farm site, in terms of number but 
also of time of presence (duration during which a shark 
remains on the site), and this whether there are cages 
or not and whether fish presence or absence into cages. 
Based on the findings, marine aquaculture does not seem 
to attract neither provide suitable conditions for shark 
proliferations. 

Keywords: Aquaculture, ocean economy, shark, impact.
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Background 

Mangrove ecosystems are among the most productive 
coastal ecosystems, sustaining both terrestrial and 
aquatic fauna. Due to their position (at land sea interface) 
mangroves are prone to anthropogenic activities including 
excessive nutrient inputs originating from sewage 
inputs, runoffs as well as agricultural activities. Excessive 
nutrient inputs within coastal waters has consequent 

effects including degradation of water quality thereby 
resulting in modifications of ecological features, as well 
as compromising ecosystem functioning. Nitrogen stable 
isotope (ẟ15N) values can be used to study the ability 
of mangrove ecosystem in taking up nutrients derived 
from anthropogenic sources, as they provide reliable 
information about the source (anthropogenic vs. natural) 
of nutrients within coastal areas. Nitrogen stable isotope 
(ẟ15N) values of around +10% are generally associated 
with excess nutrient loading, particularly originating 
from human and animal sewage. The present study aimed 
at assessing ẟ15N values of the different components 
of the mangrove ecosystems (sediment, gastropods, 
mangrove leaves and roots) with a view to ascertaining 
if similar trends of ẟ15N will be established and if any of 
these components can be used reliably in the monitoring 
of mangrove ecosystems against nutrient pollution. 

Methodology 

The study was conducted along the coastline of Tanzania 
Mainland, and the sites included mangroves at Ras Dege, 
Kunduchi, Mzinga and Kizinga (in Dar es Salaam Region), 
and Mbegani (in Pwani Region). While Kunduchi, Mzinga 
and Kizinga were selected due to their proximity to high 
human settlements and urban activities, Ras Dege and 
Mbegani - located in peripheral areas were considered 
relatively pristine. Each selected mangrove site has a 
creek that connects it to the terrestrial environment, 
forming a potential source of pollutants to the mangrove 
habitats and adjacent marine habitats. While the creeks 
at Ras Dege, Mbegani, and Kunduchi are fed by tidal 
waters only, Mzinga and Kizinga are freshwater creeks. 
There is no direct connection among the five mangrove 
sites except the oceanic water that flows into each one 
during flood tides. Sampling was done during low spring 
tide between July and August 2018. Three sampling points 
were selected (MGI, MG2 and MG3) from a mangrove 
forest. MG1 represented the most landward sampling 
site and MG3 the seaward sampling point. Collected 
samples included mangrove sediment, mangrove 
gastropod, mangrove leaves and mangrove roots. The 
samples were placed in labelled plastic bags and stored 
temporarily in a cool box prior to preserving them 
in a freezer pending further preparation and analysis. 
Gastropod muscles were removed from the shells and 2 
cleaned using distilled water. Mangrove leaves and roots 
were also cleaned using distilled water. Then sediment 
samples, gastropod muscles, mangrove leaves and roots 
were oven dried at 60°C for 48 h. Then the samples were 
ground to powder to form a homogeneous mixture. All 
ground samples were packed in small plastic vials and 
sent to OEA laboratory in UK for stable isotope analysis. 

Results 

The distribution of nitrogen stable isotope (ẟ15N) values 
were significantly different among sites (Two-Way ANOVA, 
F = 462.66, p <0.0001) with Kizinga having the highest mean 
(±SE) values of all (13.54±0.36%; Tukey HSD, p <0.0001). 
The Mzinga mangroves had the second highest values 
(11.02±0.36%) followed by Kunduchi (5.33±0.24%), Mbegani 
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(2.85±0.21%), and Ras Dege (1.68±0.28%). Also, there were 
significant differences in ẟ15N values among the different 
sample materials (F = 8.97, p <0.0001). The sediment samples 
had the highest mean (±SE) values (11.50±0.14%) at Kizinga 
mangroves and lowest (2.18±0.33%) at Mbegani mangroves. 
For mangrove leaves highest mean values of 14.42±0.37% 
were recorded at Kizinga and lowest (1.31±0.12%) at 
Ras Dege. Similarly, mangrove roots indicated highest 
mean  ẟ15N values of 14.33±0.11%, at Kizinga and lowest 
(-0.45±0.34%) at Ras Dege. Mangrove gastropods indicated 
highest ẟ15N values of 13.79±1.05% at Mzinga mangroves, 
and lowest (2.69±0.46%) at Ras Dege. A comparison of all 
five sites indicate that Kizinga has highest nitrogen stable 
isotope values, followed by Mzinga, Kunduchi, Mbegani, and 
Ras Dege which had the lowest values. The comparison 
among the different zones of mangroves yielded no 
significant results. 

Conclusion

The mangrove habitats of Kizinga and Mzinga are receiving 
significant amount of land-based nitrogen as evidenced by 
high ẟ15N values of above 10% for all studied components 
of mangrove ecosystems. On the other hand, Ras Dege 
and Mbegani had low ẟ15N values and can be considered 
pristine, possibly due to their peripheral locations which 
expose them to less sources of pollution compared to 
Kizinga and Mzinga. The different components of the 
mangrove ecosystems revealed more or less similar trends 
of nitrogen enrichment in the studied sites and therefore, 
any of these components can be used reliably in the 
monitoring of the nutrient status of mangrove habitats and 
marine environment as a whole. 
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Background 

Metals are amongst, if not the most commonly used 
indicators of sediment quality in coastal and marine 
ecosystems. This is justified as it reflects the wide 
societal use of metals, and that they are common 
and often significant contaminants of sediment. 
However, interpreting if a metal concentration reflects 
contamination, and identifying if it is at a concentration 
that presents a toxic risk in the absence of toxicity 
testing, is complicated. This is because metals are a 
naturally occurring component of sediment, because 
their concentration may naturally vary widely over 

relatively small spatial scales depending on sediment 
grain size and total organic content, and because despite 
input and transport dissimilarities naturally occurring 
and anthropogenically introduced metals tend to 
accumulate in the same areas. The mere presence of 
metal concentrations in sediment does not automatically 
imply it is contaminated. A ‘high’ metal concentration 
also does not automatically imply contamination, 
due to the strong sediment grain size control on 
metal concentrations. To meaningfully interpret metal 
concentrations in sediment the factors influencing 
their natural variation must be compensated for before 
naturally occurring concentrations can be differentiated 
from anthropogenically enhanced concentrations. This 
can be accomplished by the procedure of geochemical 
normalisation, which mathematically normalises 
metal concentrations to a co-occurring element that 
provides a tracer of crustal decomposition. However, 
this approach is usually not followed, particularly 
amongst African investigators, but when it is there are 
pitfalls to the most common normalisation procedure 
of calculating enrichment factors. To demonstrate the 
need for, and value of geochemical normalisation as a 
tool for interpreting metal concentrations in sediment, 
we discuss the findings of a study that investigated metal 
concentrations in several estuarine ecosystems in the 
greater Durban area on the east coast of South Africa. 
We also use the results to highlight pitfalls associated 
with the uncritical use of sediment quality guidelines 
for estimating the toxicological significance of metal 
concentrations in sediment. 

Methods

The concentrations of twelve metals were analysed in 
sediment sampled at 4 – 17 stations in ten estuaries and one 
estuarine embayment (Durban Bay) in the greater Durban 
area in KwaZulu-Natal, South Africa. Catchments of the 
estuaries and embayment range from highly urbanised and 
industrialised through to rural. The estuarine embayment 
is also home to the Port of Durban, one of Africa’s busiest 
ports. Baseline concentrations for metals in the sediment 
were defined through geochemical normalisation, using 
aluminium as the normaliser. The baseline concentrations 
were then used to identify and quantify the magnitude of 
contamination where this was evident. 

Results

Geochemical normalisation revealed that the baseline 
concentrations of several metals in sediment from nine 
of the estuaries were (often very) different to baseline 
concentrations in sediment from Durban Bay and its 
two neighbouring estuaries, namely the Isipingo and 
Mgeni estuaries. This is particularly interesting as three 
of the estuaries are situated to the north and five to 
the south of Durban Bay and the Isipingo and Mgeni 
estuaries. There is clearly a geological (mineralogical) 
anomaly in the central part of Durban that accounts 
for the different in baseline concentrations across the 
studied systems. The important point is that this would 
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not have been identified were the metal concentrations 
not normalised, leading to very different conclusions on 
the presence and magnitude of metal contamination of 
sediment compared to the use of baseline concentrations. 
This fairly unique mineralogical anomaly thus provides a 
compelling example of the need for normalisation as a 
tool for identifying metal contaminated sediment, and the 
pitfalls of interpreting such metal concentrations in the 
absence of normalisation. It would appear that no African 
country apart from South Africa has defined sediment 
quality guidelines. As a result, many African investigators 
use guidelines defined for another jurisdiction when 
estimating the potential toxicological risk of metal 
concentrations in sediment. However, this fails to 
consider that there may be (and usually are) significant 
geological differences between the area for which 
guidelines are defined and the study area in question. 
In other words, metal concentrations can naturally 
differ widely from area to another (as is the case in this 
study). We use the findings of this study to show that 
sediment quality guidelines defined by NOAA for use 
in US estuarine and coastal ecosystems, which are often 
used by African investigators to estimate the potential 
toxicological implications of metal concentrations in 
sediment, have important limitations on the east coast 
of South Africa. This is because baseline concentrations 
for several metals in the estuarine systems investigated 
exceed one or both guidelines defined by NOAA. This 
implies the metal concentrations pose a possible to 
probable toxic risk to benthic macrofauna. This cannot 
be the case, however, as the concentrations are of a 
baseline nature and should present no risk as they are 
incorporated into the crystal lattice of the sediment. 
The baseline models were used to evaluate the extent 
and degree of metal contamination of sediment in the 
studied estuaries. Sediment in parts of the Isipingo River 
estuary was extremely contaminated. In fact, the highest, 
or amongst the highest concentrations of cadmium and 
zinc ever measured in sediment in South African coastal 
ecosystems was measured in sediment from this system. 
Sediment in parts of Durban Bay is also significantly 
metal contaminated. 

Conclusion 

Many investigators fail to appreciate the complexities 
associated with interpreting metal concentrations 
in sediment. Metal contamination cannot simply be 
inferred from raw metal concentrations. Sediment 
quality guidelines should also not simply be adopted 
from another jurisdiction. Errors that are commonplace 
in these approaches can have significant ecological and 
management implications, including the focussing of 
costly resources on areas where there is a perceived 
problem when this is not the case and vice versa. The 
definition of baseline metal concentrations provides 
an important tool that can be used to identify metal 
contaminated sediment and identify if sediment quality 
guidelines adopted from another jurisdiction can be used 
in a study area. 
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Eutrophication is the enrichment of water by nutrients 
causing accelerated growth of algae and higher levels of 
plant life. It is a natural process but is highly influenced by 
human activities. Eutrophication causes disturbances in the 
balance of organisms present in water leading to reduced 
biodiversity. The degradation of South African oceans is an 
ongoing accelerating process; therefore, there is an urgent 
need for conservation measures for ocean ecosystems 
by means of monitoring eutrophication. The Ocean Land 
Cover Instrument (OLCI) on Sentinel 3A coupled with 
CHL_NN and CHL_OC4me algorithms were employed 
to assess the distribution of chlorophyll-a in Algoa Bay for 
the period June 2017 to April 2018. Accuracy assessment 
was used to check the agreement between the in situ 
measurements of chlorophylla and the final processed 
satellite products. The OC4me model produced results 
that are almost similar to in situ with slight underestimates 
(bias_log 0.9) whereas OCNN model showed much 
poorer performance (bias_log 0.180 for the waters of 
Algoa Bay. The connection found between river flow and 
chlorophyll-a concentration in the bay was that high river 
flow resulted in high chlorophyll-a concentration in some 
cases. However, it was a challenge to separate the influence 
of river systems connected to the coastline and to quantify 
the amount of chlorophylla concentration they bring into the 
oceans. Other variations such as Sea Surface Temperature 
(SST) and the Agulhas current indicated the upwelling 
which influences the occurrence of phytoplankton in the 
bay. The chlorophyll-a measured through this investigation 
suggests an environmental shift that threatens biodiversity. 
Remote sensing techniques integrated in the study have 
substantiated beyond doubt its capabilities in detection of 
spatio-temporal dynamics of nutrient flow and long term 
environmental monitoring of the coastal environment. 
Limitation of this study is that the Red-NIR band ratio were 
not assessed during this study, which would have been able 
to resolve some of the very high (>30mg/m³) chlorophyll-a 
concentration that may have been flagged out in some of 
the OC4me images. The study strongly recommends that 
for future studies, it will be much ideal to use data with 
much higher resolution such as Sentinel 2 MSI with relatively 
higher resolution of 10m. 

Keywords: Chlorophyll-a, SST, OC4me, OCNN, OLCI. 
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Introduction 

Coral reefs from Réunion island represent essential 
habitats for numerous marine species. They are sensitive 
ecosystems and their resilience is influenced by various 
environmental changes. Fish community structure closely 
depends on coral reef health so this study focused on 
fish communities as a biological indicator of coral reef 
degradation. The aim of this study was to evaluate 
changes within fish communities, facing different levels 
of perturbation of their habitat. These changes included 
species richness, densities, biomasses and functional 
groups. 

Methods 

Twenty-seven stations were located inside the coral reef 
flat of La Saline (La Réunion). The state of health of these 
stations was evaluated using the MERCI Cor’s indicators 
which make it possible to estimate the ecological, 
mesological and landscape characteristics of sampled 
habitats. At the same time, the fish fauna was sampled by 
fixed counting points, in order to estimate the species 
richness, density and biomass per unit of reef flat surface. 

Results 

We had already make a cartography to preview the 
localizations of stations and their state of health. We 
made three categories of state of health : « good state », 
« medium state », « bad state ». We exposed our results 
with AFC, ACP system on the interface R and tried to 
make link between fishes communities and coral reef 
state of health. More results will be expose during the 
symposium. 
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Background 

Nutrient pollution is one of the main problems facing 
the coral reef ecosystem along the Kenya coast. This is 
compounded by the reported increase in population 
combined with the limited provision of sewage treatment 
facilities by the local authorities. The repercussions of 
the sewage discharge are death or loss of biodiversity 
causing changes in the coral communities. Availability 
of a balanced Dissolved Inorganic Nutrients (N: P) is 
necessary in the coral systems. However, excess nutrients 
released in to the oceans find their way to the coral 
reef ecosystems, negatively affecting coral physiology 
and functioning through imposed stress, due to rise in 
water temperature, algae cover and enhancing seaweed 
growth in the system, creating competition for space and 
light with the corals (Smith et al. 1981). Other observed 
negative responses of corals to elevated nutrient levels 
include reduced reproductive succession, calcification 
rates, skeletal density or linear extension and enhanced 
susceptibility to bleaching when exposed to heat and light 
stress. Furthermore, enhanced macro-algae growth can 
negatively affect corals by shading/overtopping, reducing 
water exchange, and causing mechanical abrasion or 
chemical disturbance. Apart from enhancing bleaching 
susceptibility of coral reefs (Mangi et al., 2007), algae can 
also release toxins, deplete oxygen and increase the risk of 
bacterial and fungal infections contributing to the spread 
of coral diseases (Miller et al., 1999). All these results to 
degradation of their ecological integrity hence affecting 
the livelihoods that depend on the reefs for fisheries, and 
the Kenyan government’s economy which is dependent on 
tourism as one of its main economic activities. The coastal 
town of Mombasa on the Kenyan coast is reported to face 
serious challenges of sewage pollution. Mombasa city has 
only one sewage treatment facility which had previously 
stalled for several years and is currently working at 50% 
capacity after renovation (Okuku et al., 2011). This 50% 
capacity can barely serve even 12% of the Mombasa city 
population leading to volumes of sewage being discharged 
either untreated or slightly treated (Okuku et al., 2011). 
However, few studies have been carried, especially in 
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Kenya, on the impact of nutrient enrichment on coral 
reef communities. This project’s purpose is, therefore, fill 
this gap and provide information on the nutrient quality 
and quantity in coral ecosystem and assess the coral 
reef health, to bridge the existing data gaps. Information 
generated will be important for managers, decision-
makers in formulating holistic and best management 
practices for the sustainability of the coral reefs. The main 
research question is; What is the relationship between 
water quality status in terms of nutrients and coral reefs 
health? Other research questions 1. What are the major 
nutrient inputs in the reef system? 2. What is the nutrient 
level associated with different nutrient inputs (natural, 
sewage and agriculture) in Kenyan reef waters? 3. What is 
the nutrient ratio-quality associated with different nutrient 
inputs (natural, sewage and agriculture) in Kenyan reef 
waters? 4. How does nutrients’ quality relate to the corals’ 
phytoplankton coverage? 5. How does the phytoplankton 
coverage relate to coral reefs health? 

Methods 

The study was carried out along the Mtwapa Creek, 
Mombasa Marine Park and Mombasa Marine Reserve. 
The study area is in the peri-urban areas of Mombasa 
County and one control site with low population and less 
anthropogenic influence in Kanamai. The study was carried 
out over a one-year period (October 2017 – September 
2018) to establish seasonal variation in the water quality 
and change in algal cover and coral reef health. It examined 
the effect of nutrient pollution on corals in the seven 
sampling sites. Sampling points were restricted to areas 
with different nutrient inputs where water samples will 
be collected and transferred to the laboratory for analysis. 
Reef water quality will be determined by focusing on 
priority dissolved inorganic nutrients (Dissolved Inorganic 
Nitrogen [DIN: NH4+, NO2-, NO3-], phosphate [PO43-] 
and Silicates) and the phytoplankton percentage coverage 
of corals with sampling and analysis done according to 
protocols in Grasshoff et al. (1976) “Methods of Seawater 
Analysis”. Assessment of the coral reefs’ health and water 
quality in terms of nutrients (N, P and Si) quality and 
quantity as well as algal coverage will also be carried out. 
Physical inspections of the corals will be done by a diver 
who will record (by hand, photos and video footage) the 
degree of algal coverage (if any) on the coral reefs and 
degree of degradation. Coral health will be determined 
by use of the Coral Health Index (CHI) according to 
Stuart (2011) covering the abundance of biodiversity, reef 
builders and potentially pathogenic bacteria. 

Results 

The study was able to establish the presence of phosphates, 
nitrates and nitrites in the water samples collected at all 
sites. It was also established that the concentration of the 
nutrients was highest at the sampling points closest to 
the point source of the raw sewage input close to the 
Shimo La Tewa prison. Based on these results, it could be 
inferred that the sewage was the biggest contributor to 
the nutrient load in the area. The results show that the 

nutrient load in the water is greater than the amount 
needed to maintain at least 50% of coral reef coverage. 
That is, only <0.01mg/l of nitrates and nitrites are needed, 
while results show 0.041 and 0.235mg/l respectively, while 
<0.006mg/l of phosphates are needed yet results show 
an average of 0.028mg/l of phosphates were found in 
the water samples. The mean percentage cover for the 
hard coral in Mombasa Marine Park was 16.77±10.14% 
while Soft coral was 2.21±4.15%. This marked a reduction 
from the coral coverage from that observed the previous 
year. Sea weeds cover which included macro-algae was 
22.0±10.31% during the same period. Other benthic 
substrates cover included: Halimeda with 0.92±3.36%, 
Coralline algae with 4.33±8.57%, sand with 5.38±7.86%, 
sea grass with 10.8±8.5%. 

Conclusions 

Nutrient pollution is one of the main problems facing the 
coral reef ecosystem along the Kenya coast. The results 
show that the nutrient load in the water is greater than 
the amount needed to maintain at least 50% of coral reef 
coverage i.e. only <0.01mg/l of nitrates and nitrites are 
needed. Results show an average of 0.041 and 0.235mg/l 
respectively of nitrates and nitrites were found in the 
water samples, while <0.006mg/l are needed yet results 
show 0.028mg/l of. The mean percentage cover for the 
hard coral in Mombasa Marine Park was 16.77±10.14% 
while soft coral was 2.21±4.15%. There is, therefore, 
need 6reefs. 
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Background

Maputo Bay supports highly productive subsistence and 
small scale fisheries (artisanal and semi-industrial). Although 
an ongoing monitoring program is carried out in Maputo 
Bay by the Mozambican National Institute of Fisheries 
Research (IIP), only three out of 14 fishing centres on 
the western coast of the Ponta do Ouro Partial Marine 
Reserve (POPMR) are covered. A monitoring program 
was established in 2016 to gather data on the subsistence 
and artisanal fisheries within the POPMR. These fisheries 
are multi-geared and target several resources. Here we 
present preliminary results of the monitoring program 
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focusing on catch per unit effort (CPUE), catch composition 
and biometry of four indicator species of socio-economic 
importance (mud crab - Scylla serrata, blue swimming crab 
- Portunus segnis, Silver sillago - Sillago sihama and kelee shad 
- Hilsa kelee). 

Methods

The methodology follows a stratified random sampling 
design developed by the IIP and currently in use in the 
country. The sampling is conducted by local community 
monitors working in four fishing centres: Nhonguane, 
Santa Maria, Mabuluco and Agostinho. The analysed 
dataset refers to the period from August 2016 to July 
2018. Data collected in the field includes total catch 
(kg) per gear, fishing effort, catch composition and sizes 
within a sub-sample. Basic descriptive statistics analyses 
were performed to determine CPUE, catch composition 
and biometry. Due to inaccuracy in species identification 
the analysis was performed at family level. 

Results

The total number of monitoring days for the whole 
period was 538 days. Overall, a total of 12 different fishing 
gears were identified and monitored, corresponding 
to 614 fishing units of which bottom gillnets (33.2%), 
handline (24.8%) and invertebrate collectors (16.4%) 
were the most frequent. Other relevant fisheries include 
gamboa (fence net; 5.1%) and quinias (pole net; 10.9%). 
Bottom gillnets (13.9 kg/net±22.4) and handline (10.7 
kg/line±17.6) had the highest CPUE±SD values, whilst 
quinias (4.5 kg/net±3.5) and invertebrate collectors 
(4.6 kg/collector±5.3) had lower catches. A total of 
68 families (n=6 361 individuals) were identified. The 
families with the greatest frequency were: Penaeidae 
(24.8%), Sillaginidae (16%), Mugilidae (9.7%), Clupeidae 
(7.5%) and Haemulidae (5.2%). The high contribution 
of penaeid shrimps in Machangulo reinforces the 
importance of this region as a valuable nursery ground 
in the POPMR. Biometric analysis for Silver sillago(n=870; 
88% of the sample), kelee shad (n=127; 78%) and the mud 
crab (n=51; 48%) revealed high percentage of individuals 
below their size of sexual maturities (Lm50%=18cm, 
Lm50%=15cm, Lm50%=11cm, respectively). For the blue 
swimming crab only 16.3% (n=22) were below the size 
of sexual maturity (Lm50%=9cm). 

Conclusions

Results of the monitoring program confirm the 
importance of the artisanal and subsistence fisheries for 
the livelihoods of the communities in the western shores 
of the POPMR. Preliminary results show catches are 
mainly composed of immature individuals, which warrant 
attention from the reserve and fisheries regulatory 
authorities. Another important aspect is the need to 
improve and strengthen the monitoring programme. 
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Background 

Anthropogenic pressure is one of the major factors 
that have contributed to the decline in area and quality 
of coastal habitats including mangroves. The Millennium 
Ecosystem Assessment (MA, 2005) reported a 35% loss 
of global mangroves with most of what remained being 
deemed degraded. In recent years however, the rate of 
mangrove loss has slowed down to 1- 2% with rates of 
as low as 0.7% per annum being recorded in Eastern 
Africa. In addition, global efforts have been in place to 
restore and re-plant mangrove forests. Whilst forest 
loss remains a concern, focus has gradually shifted 
to the quality of the remaining and restored forests. 
Information is still sparse on how forest quality affects 
the provision of ecosystem services. 
There is a broad consensus that mangroves provide 
refuge and food for juveniles for offshore fish and 
crustaceans. Despite the large number of studies to 
investigate the mechanisms responsible for this function, 
the results are still contested. Until now, it is not possible 
to predict fish community structure on the basis of forest 
characteristics including quality. This study sought to 
investigate whether broadscale and finescale mangrove 
forest attributes can be used to predict fish and 
crustacean community structure in the Vanga mangrove 
ecosystem. It was hypothesised that there would be no 
relationship between forest characteristics (broadscale 
and finescale) and fish and crustacean community 
structure in Vanga mangrove system. 

Methodology 

The mangroves of Vanga are among the largest 
contiguous patches in Kenya, covering a total of over 4, 
000 ha. Vanga has also one of the most vibrant fisheries 
in coastal Kenya. Sampling sites were chosen to balance 
logistical tractability (allowing sampling of all the sites 
within single field campaigns of five days each, to avoid 
large temporal differences in sampling) and a wide and 
representative spread of forest variables, in particular of 
the Complexity Index (C.I). Fourteen sampling sites were 
identified based on broadscale forest attributes i.e. stem 
basal area, number of tree species, mean tree height and 
stem density and C.I. These data were obtained during 
the Kenya Coastal Development Programme (KCDP) 
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forest structure survey. Plots of 100m2 and 400m2 , each 
500m apart along a transect, were identified and sampled 
using stratified random design. A more intensive forest 
survey in the sites yielded the finescale forest attributes. 
In these sites, twelve 100m2 plots on each side of the 
fished creek were sampled using a systematic stratified 
sampling design. The C.I, which describes the complexity 
of a mangrove stand, was calculated from the forest 
attributes and used as a proxy for habitat quality whereby, 
degraded stands tend to have lower C.I compared to 
undisturbed ones. Fyke nets were deployed, at the creek 
mouths that drain the mangrove forest sampling sites, 
to sample fish communities leaving these areas during 
ebb tide for 24 hours. Data were collected every three 
months from September 2015 to September 2017. Fish 
and crustacean abundance, biomass and species diversity 
were obtained along with seasonal variations. These data 
were used to explore relationships between broadscale 
and finescale forest attributes (predictor variables) and 
fish and crustacean communities (response variables) of 
the Vanga mangrove ecosystem. 

Results 

Neither multiple nor simple regression between 
finescale forest attributes against fish and crustacean 
variables produced any meaningful models. Simple linear 
regressions showed a significant but negative relationship 
between mean fish abundance and C.I and also between 
mean fish abundance and basal area (F= 5.71, df =1, 12, 
P= 0.034), R2 = 32.22% and (F= 4.83, df, 1, 12, P= 0.048), 
R2 = 28.07% respectively. Mean (log) fish biomass was 
significantly related to mean tree height (F= 5.86, df 1, 
12, P= 0.032), R2 = 32.82%. The negative relationship 
between (log) mean fish abundance and C.I contradicts 
the evidence that complex structures attract fish as they 
provide habitat and refuge from predators. However, 
such negative relationships between complex structures 
and fish have been documented in the past. Among the 
crustacean variables, the only significant relationship was 
between mean crustacean abundance and C.I, F= 9.66, 
df =1, 12, P= 0.009), which was responsible for 44.6% 
of the variation. Similar results have been observed 
previously in other studies where shrimp abundance was 
strongly associated with high structural complexities 
(pneumatophores) in mangrove areas. 

Conclusion 

The findings of this study suggest that broadscale rather 
than finescale forest characteristics are important in 
structuring fish and crustacean variables. There however 
lacks a direct explanation as to why fish would be 
attracted to structurally less complex and hence poorer 
sites suggesting that other unknown factors could be 
responsible. It would for instance be important to explore 
some of these factors including the relationship between 
the sampling sites and other seascape characteristics. 

Keywords: mangroves, fish, crustaceans, broadscale and 
finescale
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The potential of tourism to contribute to local livelihoods 
and wellbeing is well established. However, tourism is a 
fickle industry, which is vulnerable to collapse due to 
political instability or other events. This latter problem 
has led to concern over tourism dependency in which 
any declines in tourist numbers could have a devastating 
effect on the wellbeing of local people at the destinations 
that rely on tourism. A further concern is that the loss of 
tourism-related livelihoods upon occurrence of tourism 
collapse might result in a switch of local livelihoods 
towards alternative activities that are detrimental to 
the ecosystem. This research therefore was designed 
to take advantage of a unique opportunity of 2014 
tourism collapse in Kenya and to fill in the gap towards 
the impacts of collapse of tourism to local livelihoods 
and wellbeing. Resolving this gap in the literature is an 
urgent research priority because a better understanding 
of tourism dependency and associated impacts on the 
natural environment would help to inform nature-based 
tourism policy and practice. Research was done in Mkwiro 
and Vanga in south coast of Kenya; Mkwiro is an active 
tourism site because of the Kisite-Mpunguti Marine Park 
and reserve. Vanga on the other hand, sees tourism as one 
of the potential economic activity that has not started. A 
number of methods were used to collect data that included 
household surveys targeting the tourism household heads, 
focus groups, key informant interviews, and observations 
as well as detailed secondary data from local boat owners, 
hotels and Kenya Wildlife Services (KWS), and pre-tourism 
household data in the areas of study. The results showed 
there was 25% drop in international tourist numbers 
which was associated by years and not seasons Year (F 
ratio 11.003, P value=<. 0001), seasons (F ratio 0.4589, P 
value= NS) while domestic tourism continued to rise with 
more Kenyan vising the areas. However, all forms of tourist 
activities were affected, for instance, men moved to more 
profitable occupations and number of women increased 
in less profitable sector. Both international and domestic 
tourism are important to the economy therefore the 
government institutions need to ensure there is a good 
political stability and strengthen existing tourism bodies.
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Seabirds are important providers of nutrients to island 
ecosystems worldwide. By feeding in the open ocean 
and returning to islands to nest, seabirds transfer pelagic 
nutrients to terrestrial and coastal ecosystems in the 
form of guano. However, the introduction of mammalian 
predators to islands has decimated seabird populations in 
many locations, which in turn disrupts the flow of nutrient 
subsidies and can reduce the productivity, biomass, and 
functioning of entire ecosystems. Although the benefits of 
seabird nutrients and the consequences of their loss are 
well-documented for terrestrial island systems, little is 
known about how natural nutrient subsidies affect coral 
reefs adjacent to these islands. To determine the extent 
to which seabird nutrients affect coral reefs, we studied 
seventeen islands with a range of seabird densities in 
the Western and Central Indian Ocean. Specifically, we 
conducted stable isotope analyses to trace the flow 
of nutrients from seabirds to islands to adjacent coral 
reefs. We also surveyed benthic organisms and fishes 
around these islands to determine whether nutrients 
from seabirds influence their abundance, biomass, and 
community structure on adjacent coral reefs. We found 
that nutrients from seabirds are transferred from islands 
to the surrounding marine environment where they are 
taken up by a variety of organisms on coral reefs. Likely 
as a result of these nutrient inputs, there was greater 
biomass, species diversity, and functional diversity of 
reef fishes around islands with seabirds. In addition to 
being influenced by seabird nutrients, there were also 
strong linear relationships between some measures of 
ecosystem functioning and reef fish diversity. The main 
group of benthic organisms that responded to seabird 
nutrients was calcifying algae (e.g., crustose coralline 
algae [CCA] and Halimeda), which exhibited high 
percent cover around islands with high populations of 
seabirds, but only on reefs affected by the 2015-2016 
bleaching event. Thus, the magnitude of seabird effects 
were context-dependent and varied based on a number 
of factors, including reef condition (i.e., bleached or 
healthy) and location. Still, it appears that overall the 
presence of seabirds provides benefits to adjacent coral-
reef ecosystems in much the same way that they benefit 

terrestrial ecosystems. Furthermore, seabird nutrients 
may promote recovery of reefs following bleaching events 
through their positive influence on CCA and herbivorous 
fishes, which in turn enhance coral recruitment, coral 
growth rates, and coral survival. Therefore, eradicating 
invasive mammals and restoring seabird populations may 
be an effective management strategy to help maintain the 
productivity and functioning of coral reefs.
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The penaeid prawn fishery of Tanzanian coastal waters 
occurs within three main fishing grounds referred to 
as zone 1, 2 and 3. The three zones are connected to 
major estuaries of Ruvu, Rufiji and Matandu rivers 
respectively. The genetic connectivity of Fenneropenaeus 
indicus population in those areas had not been previoulsy 
studied. The population study was performed to test the 
hypothesis that only a single population exists in the area, 
utilizing the mitochondrial DNA (mtDNA) sequence data. 
There were 89 sequences of F. indicus used in the analysis. 
Results indicated that there were 36 haplotypes and the 
mean haplotype diversity (h) was relatively moderate 
while there was low level of nucleotide diversity (π). The 
FST values ranged from -0.00798 to 0.00918 indicating 
the absence of differentiations between localities. The 
Tajima’s D and Fu’s Fs statistic showed the presence 
of recent expansion of the population. Analysis of 
molecular variation (AMOVA) indicated higher variation 
within population than among populations. The study 
established that the populations existing in the three 
prawn fishing grounds were a panmictic population. Thus, 
the reconsideration of the geographical distribution of 
the fishing grounds (zones 1-3) and extension of closed 
season management strategy to the artisanal fishers are 
recommended. Further study is recommended using 
nuclear markers to infer population structure in the 
coastal waters of Tanzania. 

Keywords: genetic connectivity; penaeid prawns; 
mitochondrial DNA 
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Introduction 

Phytoplankton are plants microscopic that drift with the 
water current (Anene, 2003). They form the vital source 
of energy in the marine environment (Saravanakumar 
et al., 2008) thus supports commercial fisheries. They 
are also known to respond quickly to environmental 
perturbations such as point source pollution (Osore, 
2003; Kiteresi et al., 2012). Pollution has been reported 
to affect the distribution, standing crop and chlorophyll 
concentration of phytoplankton (Barnes 1980). Sewage 
pollution is the major form of pollution in the peri-
urban creeks of Mombasa. Sewage constitutes a variety 
of dissolved and suspended materials as well as disease-
causing microorganisms (Okuku et al., 2011). It has been 
associated with the global eutrophication and organic 
loading in oceans ecosystems (Subramanian, 1999). 
When contaminated phytoplankton are ingested by fish, 
the contaminants bioaccumulate in those shellfish to 
levels that could be lethal to humans or other consumers 
(Anderson et al., 2002). Monitoring of marine pollution 
status of marine ecosystem is thus important to protect 
both environmental and human health. Phytoplankton 
have been used for biomonitoring of pollution (Davies 
et al., 2009; Abowei et al., 2012) and for assessment of 
the biological integrity of the water body (Townsend et 
al., 2000) through the determination of their abundance, 
distribution, species diversity and composition of the 
phytoplankton. They do not have the ability to control 
their movements thus cannot escape from pollution in 
the environment. This study examined phytoplankton 
community structure temporal variation in a human 
impacted peri-urban Creek of Mombasa City, Kenya. 

Methods 

The study was carried out in the Makupa Creek in 
Mombasa, Kenya. Samples were collected from five 
stations, Entry Point (E), Causeway (C), Mangrove (M), 
Bridge (B) and Dumpsite (D) in the year 2010, 2011, 
2014 and 2016. 20 liters of surface water was filtered 
through a 20-µm mesh size phytoplankton net, fixed in 
5% Lugol’s solution and transported to the laboratory 
for further analysis. .In the laboratory, the samples 

were concentrated to a volume of about 100 ml after 
which one ml (in triplicate) of the concentrated sample 
was taken for determination of cell density using an 
inverted microscope (Leica DMIL) and a Sedgewick 
Rafter Chamber. The results were expressed as ‘number 
of cells per litre’. Identification was carried out using 
identification keys by Botes, (2009) and Camelo, (1997). 

Results 

Generally, the diatoms were the most diverse group 
with a total of 539 taxa, followed by the dinoflagellates, 
‘others’ groups and flagellates with 296, 118 and 13 
taxa respectively. Temporally, the abundance of diatoms 
dominated the rest of the phytoplankton groups 
throughout the study. The annual variation result showed 
that 2011 had the highest mean value of species diversity 
(3.27±0.12) while 2014 recorded the least with 1.90±0.19. 
There was a progressive increase in species diversity from 
2014(1.90±0.19) to 2016 (2.27±0.16). Phytoplankton 
abundance increased from 2010 to 2016 with mean values 
of (341.00±47.00) and (4284.29±1067.53) respectively. 
There was also increase in species richness from 2010  
(24.50±0.50) to 2016 (28.86±3.15). 

Conclusion 

Kibarani dumpsite and input of untreated sewage 
are responsible for a proliferated nutrient level and 
a subsequent increase in phytoplankton population 
as illustrated by periodic sampling and analysis of 
phytoplankton species diversity and richness around the 
Makupa creek. Continuous monitoring is recommended 
to detect any adverse impacts of pollution to plankton 
community structure and composition.

POSTER
Composition and Space-temporal Variation of the 
Zooplanktonic Community in the Espírito Santo 
Estuary and the Barra Norte (Maputo Bay) 

CELSO INÁCIO SARDINHA, ADRIANO MACIA, 
DAMBOIA COSSA & MAURÍCIO LIPASSULA

Biologia Marinha Aquática e Costeira, Faculdade de 
Ciências Departamento de Ciências Biológicas da 
Universidade Eduardo Mondlane 

The knowledge of the structure of zooplankton 
communities, as well as the factors influencing it, can 
provide valuable information for the understanding and 
preservation of fish resources, the present work had as 
objective to deepen knowledge about the composition 
and variation of the zooplankton community in the 
estuarine zone and in the oceanic zone of Maputo Bay. 
The study was conducted in two seasons of the year, 
August (winter) of 2016 and March (summer) of 2017, 
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in Espírito Santo estuary and Barra Norte, in Maputo 
Bay. The sampling period was of 5 consecutive days, 
for each season of the year. At each sampling point the 
temperature, salinity, pH, total dissolved solids, dissolved 
oxygen and electrical conductivity were measured and 
samples were taken for the qualitative and quantitative 
analysis of zooplankton. In total 10 points were sampled, 
5 in each area with 3 replicates at each point in the two 
months of the year. In March, a total of 5,908 org/m3 was 
recorded in the Espírito Santo estuary and 841 org/m3 
in the Barra Norte. In August the densities were lower 
for both areas being 163 org/m3 in the estuary and 26 
org/m3 in Barra Norte. There are significant differences 
between the estuary and the Barra Norte in both August 
(Test-t: t = 4.8091; p <0.05) and March (t-test: -5.8408; 
p <0.05). A total of 204 species were recorded, the 
Northern Bar being the area with the highest number 
of species observed with 139 species observed in March. 
The Maxillopoda class was the most abundant in the 
two areas in the two months. In March, in the Espírito 
Santo Estuary the Maxillopoda class reached 62% of the 
total abundance followed by the Spirotrichea class with 
38%. In the Barra Norte, the Maxillopoda class reached 
82% of the total abundance, followed by the Gastropoda 
class with 6% of the total abundance. In August the 
Maxillopoda class was also the most dominant with 
58% of the total abundance inside the Espírito Santo 
estuary followed by the Spirotrichea class with 29% of 
the total abundance. In the Barra Norte the Maxillopoda 
class was 65% of the total abundance followed by the 
Appendicularia class with 10%. The SIMPER analysis 
showed a greater similarity between the Barra Norte 
and the interior of the Espírito Santo Estuary in August 
than in March. The zooplankton communities of Barra 
Norte and Espírito Santo in August are associated with 
high levels of salinity and total dissolved solids and low 
temperatures. In March the community of Barra Norte is 
associated with high salinity levels and high temperatures 
and the zooplankton community of Estuário Espírito 
Santo in March is strongly influenced by the low levels 
of salinity, total dissolved solids and high temperatures. 

Keywords: Mozambique, Maputo Bay, Zooplankton, 
Communities, Variation.
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Background 

Understanding the functioning of coral reefs and 
their resilience to disturbances requires study of sites 
subjected to contrasting anthropogenic pressure while 
undergoing similar climatic forcing. The SIREME program 
(Monitoring and inventory of coral reefs of Mayotte and 
the Iles Eparses, 10e FED Indian Ocean) was conducted 
in the Indian Ocean to measure and elucidate the state 
of health of coral reefs at Mayotte, where the reefs are 
subject to high anthropogenic pressure, and Iles Eparses 
(Glorieuses Islands and Europa) where these pressures 
are minimal. 

Methods 

Expeditions in 2015 at Glorieuses, and in Mayotte and 
Europa in 2016 enabled monitoring of various organisms: 
corals (and associated diseases), fish and microplankton. 
An inventory of soft corals and habitat mapping using 
satellite and field data were also undertaken. The 
degree of connectivity between reef populations in the 
Mozambique Channel was assessed through 2 genetic 
studies and current data between islands were generated 
using a hydrodynamic model. Finally, monitoring indicators 
have been proposed to managers to assess the health 
status of coral reefs and to estimate the effectiveness of 
management measures. 

Results 

Concerning the health of coral reefs in Mayotte, the levels 
of benthic cover and the taxonomic distribution of corals 
varied widely according to locality and reef geomorphology, 
with the best coral health observed on the inner and fringing 
reefs. The coral and fish diversities were high, as was the 
total species richness, due to the favourable geological and 
hydrodynamic conditions in the north of the Mozambique 
Channel. Nevertheless, fish biomass was clearly declining at 
all the stations over the last decade, a consequence of high 
fishing pressure, in particular on the higher trophic level 
species. Coral bleaching monitoring in Mayotte revealed an 
average colony morality of 24% in 2016 but almost half of 

11th WIOMSA Scientific Symposium 96



the coral colonies were not affected. In the Iles Eparses, the 
coral reefs were in very good health, which was reflected 
either by very high coral cover (e.g. Europa: CV 80% on 
average and >235 coral sp) or by the dominance of “living 
corals-crustose coralline algae” compared to soft algae (e.g. 
Glorieuses). A high prevalence of coral diseases (>31%) was 
recorded at Glorieuses at some stations near Lys Island, 
which can be explained by the proximity of colonies of 
thousands of seabirds that can be vectors and/or reservoirs 
of diseases released via faecal contamination. In contrast, 
a very low disease prevalence was observed at Europa 
(2%), which confirmed the exceptional state of health of its 
coral reefs. Fish communities were characterized by high 
proportions of predators (groupers, snappers, snappers, 
jacks, sharks) and large adult individuals. Nevertheless, 
at Glorieuses, although fish biomasses remained higher 
relative to anthropogenically-affected sites elsewhere in 
the Indian Ocean, this has decreased specifically in terms 
of pelagic species probably preferentially targeted by 
illegal fishing. Hydrological analyses of water chemistry 
and biological indicators confirmed the ultra-oligotrophic 
status of the Glorieuses, its waters being characterized by 
very low concentrations of picocyanobacteria and nitrogen 
and carbon nutrients. In terms of bacterial contamination, 
there was no evidence of faecal contamination (coliforms 
and streptococci) at Glorieuses, whereas some stations 
in Mayotte exhibited high contamination levels and poor 
water quality compared to WFD (EU Water Framework 
Directive) thresholds. Indices integrating the autotrophic 
(and not heterotrophic) trophic levels thus provided 
relevant information on the health status of the systems 
studied. 

Conclusion 

The selection of priority sites for conservation (species 
and/or habitats) is now under discussion with managers 
and this needs to be balanced with other considerations 
that can be take into account such as the functional role 
or the particular biology of certain species of interest, as 
well as socio-economic concerns. The exceptional coral 
reef of Europa displayed reef communities that are close 
to “pristine”, suggesting that they could be reference areas 
for the Southwest Indian Ocean. Long-term scientific 
studies of these environments is essential to monitor 
changes in their condition and propose appropriate 
management measures in the context of climate change 
that is rapidly impacting populations and ecosystems. 

ORAL - Tuesday, LT1, 1100 
The Influence of Environmental Variables on the 
Abundance and Temporal Distribution of O. cyanea 
Around Mafia Island 

CHANDE M1*, MGAYA YD2, BENNO BL1 
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Abundance and distribution of the short lived species 
like Octopus cyanea depend on the presence of favorable 
environmental conditions, which are essential for growth 
and successful recruitment. The influence of environmental 
variables on the abundance and distribution of octopus 
is relatively well studied for the case of Octopus vulgaris, 
however O. cyanea remains least studied particularly in 
Tanzanian marine waters. This study investigated the 
role of Sea Surface Temperature (SST), Chlorophyll a 
(Chl-a), rainfall and wind on the abundance and temporal 
distribution of O. cyanea around Mafia Island in Tanzania for 
the period of 60 months (2013-2017). Octopus catch data 
was obtained from TANPESCA fish processing factory 
while environmental data were obtained from the satellite 
(SST and Chl-a) and the Tanzania Meteorological Agency 
(rainfall and wind). Data were processed and analyzed using 
ArcGIS Version 10.2.2 and R version 3.4.2. Generalized 
Additive Models (GAMs) were used to determine the 
relationship between environmental variables and the 
shifted (lagged) catch per unit effort (CPUE) of O. cyanea. 
Based on the Akaike Information Criterion (AIC), GAMs 
showed the additive effect of wind speed and Chl-a with 
4 months lag, as the best model for prediction of the 
abundance and temporal distribution of O. cyanea around 
Mafia Island followed by the additive effect of SST, wind 
and Chl-a. Results were discussed by considering the 
important stages in the life-cycle of Octopus cyanea.

Keywords: Abundance, Distribution, Environmental 
variables, Octopus cyanea, Sea surface temperature, 
Chlorophyll a, rainfall and wind. 
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Background 

The WILDOCEANS Ocean Stewards Program offers 
young marine science students in Southern Africa and 
the Western Indian Ocean an experiential journey that 
gives them unique insights into the practice of offshore 
marine research and contemporary conservation 
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challenges. It aims to inspire the pursuit of a career 
in marine science-based conservation, whether as 
scientists or future decision-makers. The ability for 
developing countries to deliver sustainable growth for 
a “blue economy” will depend not only on scientific 
knowledge and experience from established scientists 
and conservationists, but also on ensuring that future 
capacity for offshore marine science is fostered, 
traversing demographic and fiscal barriers. This will 
allow emerging challenges to be dealt with in a holistic 
manner that sees citizens as part of the greater ocean 
ecosystem. A key goal is the strategic placement of 
informed and committed individuals in key decision 
making, communication and policy development 
positions in the marine science, management and 
conservation sector which is centered around 
supporting a Blue Economy. 

Methods 

Students participating in the Ocean Stewards Program 
are afforded an experiential learning opportunity working 
closely with field scientists, gathering research data offshore 
aboard the R.V. Angra Pequena implementing projects 
in partnership with the African Coelacanth Ecosystem 
Programme (ACEP). The program also provides a platform 
for exposure to topical issues in marine conservation; 
networking opportunities with marine management 
professionals; continued studies support; internships; and 
honing communication skills. 

Results 

The programme has developed into a fellowship that 
has grown to include sixty-nine third year, honours and 
master’s students from 6 universities. The student’s efforts 
have contributed to three key national research projects 
aimed at identifying offshore areas in need of protection 
in support of an expanded Marine Protected Area (MPA) 
Network in South Africa. 

Conclusion 

The Ocean Stewards program endeavours to open 
doors and unlock opportunities for its fellowship which 
continues to grow with an additional 16 Ocean Stewards 
joining the cohort in 2019. This growth includes students 
from the Comoros region, strengthening the network of 
passionate, informed and equipped decision makers of 
the future required for healthy oceans. 

Keywords: capacity development Theme: Capacity 
development & outreach.
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Background

Mangrove trees are adapted for survival in mudflats 
through specialized root structures (aerial roots). The 
two mangrove species under study are commonly found 
in the WIO and along the Kenyan Coast. Avicennia marina 
has pencil-like air roots known as pneumatophores which 
originate from underground cable roots and extend 
vertically from the soil while Rhizophora mucronata bears 
root acres extending from the tree trunk known as 
prop roots/silt roots. At low tide, the gaseous exchange 
takes place through lenticels present in the roots and O2 
transported to the living root tissues. Sediment burial 
smothers mangrove root systems and in severe cases, 
complete burial occurs leading to suffocation caused by 
the inhibition of the gaseous exchange pathway between 
atmosphere, roots, and sediment. With the recent global 
onset of climate change characterized by frequent and 
extreme downpours, higher sediment load deposition in 
the mangrove forests has been observed. Furthermore, 
surface runoff has intensified due to deforestation 
upstream which exposes soil to erosion. Other 
anthropogenic activities such as poor farming practices 
along the riparian zones and unplanned settlement further 
accelerate soil erosion. Transport media such as rivers aid 
in the transportation and deposition of sediments into 
the coastal ecosystems. Excessive deposition of both sea 
and terrestrial-borne sediments may result in reduced 
mangrove growth and regeneration through partial or 
complete burial and smothering of the breathing roots. It 
is in this respect that the study was conducted to examine 
the effect of riverine sedimentation on root morphology 
of selected mangrove species in Vanga mangrove forest. 

Methods

Vanga mangrove forest (390 20’E, 40 33’S to 390 12’E, 
40 40’S) - located at the mouth of Umba River which 
originates from the Usambara Mountains, North of 
Tanzania and empties into the Indian Ocean through 
Vanga in Kenya, was selected for this study. The forest was 
divided into 3 equal blocks to represent both landward 
and seaward sites (forest block A-landward, B and C 
-seaward). 10m x 10m plots were established at 100 m 
intervals along transects positioned perpendicular to 
the river channel. 14 Sediment Elevation Table (SETs) 
were set ensuring optimum representation of the river 
influence on the mangrove forest, to determine sediment 
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accretion rates. Within the plots with A. marina stand, 
two trees were identified using the standard Systematic 
Point Sampling technique for root structure assessment. 
Replicate quadrats (1m2) were placed approximately 1 m 
from the base of the target tree in opposite directions. 
The number of pneumatophores within each quadrat was 
recorded and their respective heights measured using a 
ruler. Four trees were assessed for root structure within R. 
mucronata stand. For each target tree, all prop roots were 
counted and the vertical height at the point of attachment 
to the tree truck measured. 

Results

Sediment accretion rate was found to be highest upstream 
of the estuary in forest block A and the accretion rate 
declined seawards. The height of the pneumatophores 
ranged from 1.9±4.13cm to 15.8±4.13cm. Forest block 
A, which also recorded highest sediment accretion 
levels had the greatest occurrence (38.46%) of A. marina 
pneumatophores with an average height of 9.85±3.53 
m. Reduced frequency (30.77%) of pneumatophores 
characterized by the average height of 11.11±2.88 m 
and 5.46±3.46 m was recorded in forest block B and in 
forest block C respectively. This scenario was however 
not observed 10 m from the bank of Umba River in 
forest block A and could be attributed to the erosion 
taking place at this site which jeopardized tree growth. 
The mean of perpendicular heights of the points of 
attachment of the prop roots on R. mucronata trunks 
decreased seaward, i.e. 1.66±0.74 m in forest block A to 
1.07±0.43 m in forest block B and 1.01±0.46 m in forest 
block C. 

Conclusion. 

The ability of mangroves to cope with root burial varies 
between species. The pneumatophores of A. marina 
may increase in number and be able to extend upwards 
while R. mucronata may be able to develop higher root 
arches. This coping mechanism was observed in the Vanga 
mangroves where there were more pneumatophores 
upstream at forest block A in which the highest sediment 
accretion rate was recorded. Similarly, the mean vertical 
height of the highest point of the arch of prop roots on 
R. mucronata reduced seaward with decreasing sediment 
accretion. Root adaptations take time but mangroves 
could adjust to gradual burial in this manner if sediment 
deposition doesn’t exceed a given amount. 

Keywords: sedimentation; mangrove root morphology 
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Background

Micronutrient deficiencies account for more than a 
million premature deaths annually and reduce national 
GDP by up to 16%. Sub Saharan Africa, including the 
Western Indian Ocean region, has some of the highest 
rates of undernutrition globally, highlighting the need 
for food policies focused on improving nutrition, rather 
than simply increasing volumes of food. Although 
often overlooked, fish are a rich source of bioavailable 
micronutrients essential to human health. Yet, a lack of 
understanding of the nutritional composition of most 
fish and how nutrient yields vary among fisheries has 
hindered policies needed to effectively harness the 
potential of fisheries for food and nutrition security. 

Methods and Results 

Here, using the concentration of seven nutrients in 
more than 350 species of marine fish, we estimate 
how environmental and ecological traits predict 
nutrient content among marine finfish species. We 
use this predictive model to quantify spatial patterns 
of nutrient concentration from marine fisheries yields 
globally and compare nutrient yields to the prevalence 
of micronutrient deficiencies. We find that species from 
tropical thermal regimes contain higher concentrations 
of calcium, iron, and zinc; species from cold thermal 
regimes or those with a pelagic feeding pathway contain 
higher concentrations of omega-3 fatty acids; and smaller 
species contain higher calcium, iron, and omega-3 fatty 
acids. Catches from a number of WIO countries (S. Africa, 
Seychelles, Tanzania, Mozambique), represent some of 
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the highest concentrations of Calcium, Iron, Selenium, 
Vitamin A, Zinc, and protein globally. However, there is 
no relationship between nutrient concentrations and 
total fisheries yield, suggesting the amount of fish caught 
is not currently associated with nutritional quality. For a 
number of countries with inadequate nutrient intakes, 
the nutrients available in marine finfish catches exceed 
the dietary requirements for coastal (within 100km) 
populations, and a fraction of current landings could be 
particularly impactful for children under 4 years of age. 

Conclusions

Our analyses show that fish-based food strategies have 
the potential to substantially contribute to food and 
nutrition security in the WIO and globally, but retaining 
a greater proportion of the catch locally and ensuring 
access to this nutrient-rich food, are key to achieving 
this potential. 
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Impacts of plastic in the stone town harbor area, 
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Plastic pollution has become an anthropogenic crisis 
worldwide particularly in developing countries include 
Zanzibar Island. The population growth, tourism and 
lack of proper municipal waste management system 
contribute to alarming amounts of plastic waste that enter 
the Zanzibar waters. This is devastating for the diverse 
marine ecosystem that provides valuable resources to its 
flora and fauna and to its human inhabitants. In this study, 
micro-plastic at the sea surface as well as macro-plastic on 
coastal beaches was quantified to determine the effects of 
plastic pollution in the area by use of a standard plankton 
net methodology. This study contributed to the first set 
of baseline information regarding plastic at stone town 
waters. It was determined that there are approximately 
172,061.01 micro-plastic floating particles at the sea 
surface in the Stone Town area. This Micro-plastic was 
found in 94% of sea surface samples and macro-plastic 
was found in 64.76% of coastal beach survey quadrats. 
This findings reflects that, the population size in this 
coastal environment is proportional to the micro- and 
macro-plastic abundance in the area. Furthermore, if the 
population of Stone Town is limited to a single-use plastic, 
it would greatly mitigate plastic waste concentration, 

including by up to 43%. This study will contribute to plastic 
waste awareness as well as offer recommendations for 
more successful waste management strategies the help 
conserve the marine ecosystem. 

Keywords: Plastics, Impact and Marine animals. 
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Background 

The Glorieuses archipelago, located north of the 
Mozambique Canal, is composed of two main 
coral islands: “Grande Glorieuse” and “Lys” island 
representing 5km² on a reef complex of 196km², very 
well preserved despite some illegal fishing activities. No 
bio-physicochemical monitoring of water quality has 
ever been carried out in this pristine environment. The 
aim of this study is to establish an initial mapping of the 
quality of the archipelago’s waters, enabling long term 
monitoring strategies to be proposed in order to have 
better management of this area. 

Methods 

During three missions (September 2015, May 2016 and 
March 2018), different parameters were sampled on 24 
stations according to the following actions: 1) Acquisition 
of physical-chemical parameters in the water matrix 
(temperature, salinity, dissolved oxygen, pH, nutrient 
salts) and the sediment matrix (particle size, total carbon, 
carbonates, organic matter) 2) Completing existing and 
upcoming data on other biological status (phytoplankton) 
and physical-chemical parameters programs: Phytoplankton 
sampling for biomass assessment (chlorophyll and 
phaeopigments) and enumeration (micro, nano and Pico 
phytoplankton) 3) Develop an initial status of chemical 
contaminants (water and sediment matrices): For the water 
matrix, installation and analysis of passive samplers for 
hydrophilic substances and for the sediment matrix, analysis 
of the remainder for hydrophobic substances 4) Collect 
data on the patterning of the water column (seasonal/
daily thermocline, homogeneity, climate change) to help 
understand habitat distribution: Realization of vertical 
temperature/salinity profiles, high frequency temporal 
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monitoring for temperature, and even conductivity 5) 
Collect data on soft substrate benthos as an indicator 
of marine environmental quality. Use of this indicator is 
based in particular on the fact that the sedimentary zones 
assimilate and integrate environmental changes over time, 
which are then reflected in the structure of communities: 
Sediment collection by grab sampler or corer to define the 
composition and structure of the communities. 

Results

The bio-physico-chemical parameters of the water 
column show a very high homogeneity between stations 
and seasons. Glorieuses waters are (ultra)oligotrophic, 
well oxygenated, low turbidity with low concentrations of 
nutrients and chlorophyll a 2) Phytoplankton communities 
are characteristic of tropical environments, dominated by 
picoplankton (genus Synechococcus and Prochlorococcus) 
and the microplankton dominated by diatom assemblages 
3) Chemical contaminants are almost absent with only 6 
molecules exceeding detection limits, including metalochlor 
and phenanthrene 4) The hydrological parameters along 
the water column are also very homogeneous, indicating a 
significant mixing of water masses 5) The phyisco-chemical 
parameters of sediments are also very homogeneous 
between stations with poor organic matter concentration. 
Likewise for the benthic macrofauna (abundance and 
diversity). Benthic community composition is related to 
habitat in relation to sediment depth and stability. 

Conclusion 

Despite the high homogeneity of water quality data, it is 
possible to identify 3 sectors with different characteristics. 
1) Area 1 (North North West Grande Glorieuse): waters 
richer in nutrients and (Pico)phytoplankton with sediments 
richer in organisms. Downwind area enjoying an “island 
effect” for water enrichment 2) Area 2 (reef band between 
the two islands): coral shoal with strong hydrodynamism and 
therefore a significant mixing of the waters leading to poorer 
population of benthic organisms and low concentrations of 
nutrients and phytoplankton pigments 3) Area 3 (North): 
Deeper and populated by marine phanerogams, the water 
quality is very homogeneous (very low nitrates). In addition, 
benthic communities that are also highly homogeneous 
indicate a classical oceanic influence. Based on these results 
and conclusions, management recommendations are made 
in the selection of sampling stations by sectors, lists of 
parameters and sampling periods. 

POSTER
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Background

The small-scale (subsistence and artisanal) sub-sectors, 
constitute the backbone of marine fisheries in most 
developing countries, especially in the Western Indian 
Ocean (WIO) region. In Mozambique, according to the 
2012 census, it was estimated that more than 315 000 
people were directly involved in artisanal and subsistence 
fisheries. In 2015, artisanal fisheries contributed with 
208 000 t representing 85.6% of total catches. Given 
the socio-economic importance of small-scale fisheries 
and challenges associated with its management, user 
participation has been advocated as essential. The 
application of local knowledge to support planning and 
management of small-scale fisheries has thus, gained 
widespread acceptance and use. One of the simplest ways 
of acquiring and make use of local knowledge is mapping 
of fishing areas. Within the WIO, participatory mapping of 
fishing areas has been successfully achieved in Madagascar, 
Kenya and Mozambique. The main method used includes 
drawing habitat maps and fishing areas, and transpose 
these into GoogleEarth maps, which is then validated by 
the fishers. While these are largely advocated as being cost 
effective, the accuracy is generally not robust. Here we 
report on a quick, easy and cost effective method to map 
and characterize fishing areas used mostly by artisanal 
and subsistence fishers within and adjacent to the Ponta 
do Ouro Partial Marine Reserve (POPMR), southern 
Mozambique. 

Methods

We used a combination of local knowledge and current and 
readily available satellite mapping and Global Positioning 
System techniques, to map artisanal fishing areas, within 
and adjacent to the western side of the POPMR. General 
data regarding habitat types and characteristics were also 
collected in the field in order to complement information 
available from the literature. Data were collected in 
four working days between June and July 2017. The area 
was divided in three main strata, following the reserve’s 
subsistence and artisanal catch monitoring system, namely: 
Inhaca island, Santa Maria and Mabuluco. For each stratum, 
a GoogleEarth map of the area was printed on A3 paper 
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and discussed with experienced fishers familiar with the 
area, usually the leader of the community fishing council. 
The names of the fishing areas were previously obtained 
from the subsistence and artisanal catch monitoring 
system and their rough limits were identified and 
confirmed by the fisher. A shallow draft, 19-foot catamaran 
ski-boat, powered by twin 90 HP, four-stroke motors 
was used to travel within the perimeter of each area, as 
indicated by local fishers which joined the surveying team 
on board. The boat was equipped with a Garmin GPS/
fishfinder combo (Garmin echoMap CHIRP 94SV), which 
tracked the perimeters of the areas. Notes on the general 
characteristics of the area, including the bathymetry and 
bottom type, were taken making use of the fish-finder on 
board, the local knowledge of the fisher as well as a GoPro 
camera which was lowered to the bottom with weights 
and set in a time-relapse photo mode. The tracks of each 
day’s work were transferred to Garmin’s free mapping 
software (Homeport 2.2.10) from which the coordinates 
of the perimeters were extracted and transferred to 
GoogleEarth. The maps produced were then discussed 
with the fishers for amendments and validation. 

Results

Data collection in the field was completed in 27 h 20 min 
at an average speed of 22km/h with a cost of about 3.61 
U$D/km2 . From the Inhaca lighthouse in the north to 
the Maputo river mouth in the south, a total of 29 fishing 
areas were identified and mapped, within a stretch of 
coast of about 70km, with a total area of 289.3km2 and a 
perimeter of 385.4km. The fishing areas included isolated 
intertidal sand banks, seagrass beds, estuarine channels, 
as well as intertidal muddy areas adjacent to the coast. 
The fishing areas covered on average 10.0km2 (SD=12.0), 
and varied immensely in size (0.3–50.1km2). A map of 
the fishing areas has been produced and shared both in 
digital and hardcopy format with relevant stakeholders. 
The map is being used in the planning and management 
of coastal resources use within the reserve. 

Conclusion

The methodology used is quick, cost-effective and, given 
the readily available techniques and resources used, it 
can be easily replicable. 
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Background 

Similar to the other western boundary currents (WBCs) 
of the world, the Agulhas Current, the largest WBC 
in the southern hemisphere, strongly influences the 
oceanographic conditions of its adjacent shelf system. 
As a result of limited societal drivers, such as largescale 
fisheries and marine mining, the southeast African shelf is 
one of the least studied and under-sampled shelf systems 
in South Africa. As a result of this in situ sample deficit, 
the majority of previous studies conducted in the region 
have used satellite data and model output. Few studies, 
using limited in situ data, have been carried out at either 
a bay-scale, which fall short of accurately identifying 
the larger surrounding oceanographic features, or they 
have been conducted at a larger scale with a coarser 
resolution, which unsuccessfully captured the finer detail 
of the shelf circulation. Understanding hydrographic 
variability on the shelf, as well as the processes 
influencing it, is crucially important for understanding 
the functioning of the numerous Marine Protected Areas 
(MPAs) along this coast, and is essential for their effective 
management. In order to address the lack of in situ data 
in the region, a collaborative venture between the South 
African Department of Environmental Affairs (DEA) and 
the African Coelacanth Ecosystem Programme (ACEP) 
Phakisa Ocean Cruises Initiative funded two shelf-
wide multi-disciplinary research cruises which were 
conducted during January/February (austral summer) 
and July/August (austral winter) 2017, to establish a 
baseline of shelf-wide environmental conditions. 

Methods 

In order to identify and characterise the physical 
oceanographic processes modifying hydrographic 
conditions on the shelf, this study used a combination 
of satellite data and highresolution in situ data, acquired 
during the two hydrographic surveys. Vertical profiles of 
temperature, salinity, dissolved oxygen and fluorescence 
were collected, between the surface and 1000 m 
depth, using a Conductivity, Temperature and Depth 
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(CTD) Sea-Bird Electronics (SBE) 911+ instrument. 
Conservative Temperature and Absolute Salinity, 
calculated according to TEOS-10, were used to map 
surface and bottom distributions of these parameters. 
Water masses were identified using Temperature-
Salinity (TS) plots in combination with neutral density 
criteria. Discrete seawater samples were collected at 
selected depths for the analysis of chlorophyll a and 
macro-nutrients. Chlorophyll a samples were analysed 
using the flourometric technique and used to calibrate 
vertical fluorescence profiles. Nutrient samples were 
analysed either manually (phosphate, nitrite) or using a 
Lachat Autoanalyzer (nitrate, silicate) and used to map 
surface and bottom distributions of the macro-nutrient 
concentrations. Satellite altimetry was obtained from 
the Copernicus Marine Environment Monitoring Service, 
and daily maps of delayed-time merged sea level anomaly, 
overlaid with geostrophic velocity anomaly vectors were 
used to identify the general circulation on the shelf, as 
well as identify any mesoscale variability. 

Results 

The same five water masses, Tropical Surface Water 
(TSW), Subtropical Surface Water (STSW), South 
Indian Central Water (SICW), Red Sea Water (RSW) 
as well as Antarctic Intermediate Water (AAIW), were 
observed throughout the upper 1000 m of the water 
column during each survey. TSW and STSW occupied 
the upper 200 m of the water column, while SICW was 
generally found between 400 m and 800 m, and RSW 
and AAIW usually occurred below 700 m. Indications of 
seasonality in temperature and salinity were observed 
across the shelf, within the upper waters (TSW and 
STSW) but not within the deeper water masses (SICW, 
RSW and AAIW). There was a ~4 °C difference in 
maximum surface temperatures between the two 
surveys, with higher temperatures in January/February 
than in July/August. In January/February, the surface 
salinity observations were frequently below 35.22 g kg-1, 
contrasting with July/August when they exceeded that 
value. The low salinity values across the shelf, as well as 
those located in close proximity to the Mzimvubu river 
mouth during austral summer, were observed as a result 
of the influence of higher rainfall and the subsequently 
stronger river outflow. The Agulhas Current, as well as 
cyclonic mesoscale eddies along the inshore edge of the 
Current, were observed to strongly drive conditions on 
the shelf region during each survey. Several upwelling 
mechanisms, which uplifted colder, nutrient-rich water 
from deeper layers onto the shelf, were identified during 
each survey. Divergence-induced upwelling, driven by 
the offshore deflection of the Current from the coast 
as a result of the widening shelf, was observed in the 
southern part of the region. Ekman veering in the 
bottom boundary layer, driven by the interaction of the 
Current with the slope topography, was observed at 
some locations, and was found to essentially prime the 
lower levels of the shelf with cold nutrientrich water. 
Ekman pumping associated with the cores of cyclonic 
eddies, also introduced nutrient-rich water onto the 

shelf. Wind-driven upwelling, induced by offshore Ekman 
transport and vertical mixing, was responsible for the 
surfacing of this cold (10-15 °C) nutrient-rich water 
from below at several inshore sites. These upwelling 
mechanisms, which introduce cold nutrient-rich water 
into an essentially mesotrophic shelf-environment, 
strongly impact ecosystem functioning, as evidenced 
by substantially higher chlorophyll a maxima (5.00 mg 
m-3) during January/February 2017 as opposed to much 
lower values in July/August (3.00 mg.m-3). The shelf-wide 
dissolved oxygen levels (>3 ml l-1) during both surveys 
suggested that oxygen availability adequately facilitates 
the survival of the existing shelf biology. 

Conclusion 

This study described hydrographic conditions from 
the first two shelf-wide high-resolution surveys of the 
southeast shelf of South Africa, providing a baseline 
of environmental conditions across the shelf, and the 
processes affecting it. This baseline environmental 
information is crucial for understanding the functioning, 
and for effective management, of the numerous Marine 
Protected Areas along this coast. Although further 
research is needed to determine the relative importance 
of these processes, it is necessary that their temporal 
variations be monitored to understand if and how they 
may change in the context of a changing climate. 
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Suitability of quality indices based on plankton 
communities to tropical marine systems was assessed 
by comparing twenty-three relevant indices including 
water chemistry and biological components (bacteria, 
phyto- and zooplankton), during field studies performed 
around Glorieuses Islands (November 2015 and May 
2016), and Mayotte lagoon (May 2016). According to 
2006 Water Framework Directive reference thresholds, 
we determined indices based on “good status” in terms 
of chlorophyll biomass index, “good status” in terms 
of picoplankton (size<2µm) abundance index and 
“very good state” in terms of nanoplankton (2 to 20 
µm) abundance. No significant difference between the 
two ecosystems was detected in terms of chemical 
descriptors. By contrast, significant differences were 
observed according to biological characteristics: no 
loricates ciliates were found at Glorieuses whereas 
abundant in Mayotte, high density of picoeukaryotes 
and Synechococcus with an elevated SYN / PROC ratio 
(Synechococcus versus Prochloroccoccus cell densities) 
in Mayotte compared to Glorieuses, linked to larger 
terrestrial nutrient inputs. Eleven different microalgal 
pigments were identified and quantified by HPLC, 
among which “Zeaxanthin” related to picocyanobacteria 
(SYN and PROC) and green algae was important both 
in Glorieuses and Mayotte. “Fucoxanthin” (related to 
bacillariophyceae) was consistant in both ecosystems, 
but predominant at two stations of Mayotte. “Peridinin” 
(related to Dinoflagellates) was found at each station in 
Mayotte, but only at one station in Glorieuses (GLO 2). 

In terms of bacterial contamination pressure, no evidence 
of faecal contamination (coliforms and streptococci) was 
noted at Glorieuses whereas two stations in Mayotte 
(M’Bonzi and Tanakari) exhibited high contamination level 
and poor water quality compared to WFD (EU Water 
Framework Directive) thresholds. We have adapted 
several other indices documenting trophic status of the 
ecosystem, such as the IPI “integrated phytoplankton 
index” developed by Spatharis & Tritis (2010), the PHY-
HAB “5 indices between microphytoplankton parameters 
and Harmful Algal Bloom” developed by Herrera-Silveira 
& Morales-Oleda (2009), and the TRIX index developed 
by Vollenweider et al. (1998). The Menhinick, Evenness 
and Abhab (abundance of harmful species) indices would 
be the most discriminating for qualifying oligotrophic 
tropical water masses at large spatial scale but not at 
the scale of the present study. Only indices integrating 
the autotrophic (and not heterotrophic) compartment 
provide relevant information on the state of health of the 
two systems studied. It is obvious that the trophic status 
of the environment is very crucial and it is necessary in 
future to develop other indices based on threshold for 
oligotrophic waters.
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Background

Loggerhead sea turtles (Caretta caretta) in the South 
West Indian Ocean (SWIO) occupy many different 
habitats and change their diet and feeding area from 
open ocean to coastal regions, at the ontogenetic shift 
from juveniles to adults around seven to 12 years of 
age. It was originally hypothesised that this ontogenetic 
shift from oceanic to neritic habitats was unidirectional. 
However, recent reports have indicated that some 
adults can either undergo a second shift back to oceanic 
habitats, or never leave these environments, except to 
reproduce. Understanding their habitat use provides 
important information to design effective conservation 
strategies for this threatened species. Satellite tags are 
used to track movement and habitat use between areas 
that can be thousands ofkms apart, but it is logistically 
and financially constrained. To this end, stable isotope 
analysis of an animal’s tissue coupled with an assessment 
of its epibiotic “hitchhiking” organisms can be used 
to investigate sea turtle habitat use. The aim of this 
study was thus to combine carbon and nitrogen stable 
isotope analysis with epibiont community composition 
to determine foraging habitats of loggerhead sea turtles 
nesting in South Africa. 

Methods 

Biopsy samples were taken from the flippers of 170 
nesting loggerhead turtles and used for carbon (ẟ13C) 
and nitrogen (ẟ15N) stable isotope analysis. Samples 
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were analysed at the Stable Isotope Analysis Laboratory 
of the Mammal Research Institute (Pretoria, South Africa) 
using a mass spectrometer. Epibionts were collected 
from each turtles’ carapace and identified and classified. 
To identify distinct turtle foraging grounds, the number 
of clusters that best represented the distribution of the 
isotope signatures was determined through akmeans 
clustering analysis. The presence of macrofaunal 
epibionts on the carapace of turtles was used to further 
examine if habitat specific epibionts were matched with 
the clustering of loggerheads based on stable isotope 
analysis of the turtle. 

Results 

Two foraging groups were identified based on relative 
enrichment/depletion of ẟ13C. Epibiont community 
structure was significantly different between the foraging 
areas, identified from the stable isotope signature, with the 
open-ocean pelagic species Lepas spp. occurring in higher 
abundances on individuals with depleted ẟ13C isotope 
signatures. Three neritic epibionts (Hyale grandicornis, 
Hyachelia tortugae and Podocerus africanus) were the other 
habitat-specific species driving community assemblages, 
with higher occurrence and abundance on turtles with 
enriched ẟ13C isotope signatures. 

Conclusion 

This study revealed two foraging habitats for loggerhead 
sea turtles nesting in South Africa, on the East African 
seaboard, based on complimentary evidence from stable 
isotope analysis of turtle flipper tissue and its epibiont 
community composition. This bimodal foraging strategy 
of using either oceanic or neritic environments is 
similar to reports from other regions. These results thus 
successfully applied a cost-effective set of complimentary 
techniques that can be used to infer habitat use patterns 
for many individuals within a population. We thus 
introduce a useful tool for conservation planning that 
can be applied to a variety of migratory species. 
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This study intended to come up with an understanding 
of the impact of artisanal fishing on coastal communities’ 
incomes in Mkinga District, Tanga region. Both secondary 
and primary data were collected. Secondary data 
were collected through internet search, government 

documentation units at different levels and universities’ 
libraries. Primary data were obtained through 
administering a questionnaire to artisanal fishers and 
other players in the marketing chain while a checklist 
was used to collect data from focus group discussions 
and key informant interviews. There was also physical 
observation of the situation in the field. The study 
involved a total of 125 fishermen who were selected 
randomly for interview. Gross Margin (GM) and 
Marketing Margin (MG) were analysed using Statistical 
Package for Social Sciences (SPSS). Results shows the 
socio-economic status by the respondents were generally 
poor. A high proportion of the fishers depend on fishing 
for livelihoods, they had low level of education where 
majority (44%) had primary education, and 30% did not 
attend any formal education while 16.8% had Quranic 
education. Only, 8.8% had secondary education and no 
one out of the 125 respondents attended any tertiary 
education. The poor socioeconomic profile affects the 
performance of the artisanal fishers and their income 
earning. A computation of gross margins revealed that 
artisanal fishers earned the lowest (12.2%) followed 
by middlemen (16.9%), retail processors (27.2%), 
wholesalers (25%) and un-processing retailers (18.6%) 
with gross margin of Tshs 443.6, 612.2, 907.2, 675 and 
987 respectively. Despite, the artisanal fishers earned 
lowest gross margin than other players the fish income 
contribute highly (83.8%) to the total household incomes 
suggesting that an improvement of fish sector could lead 
to high impact on artisanal fishers’ wellbeing. Factors 
affecting artisanal fishers incomes were reported to be: 
lack of credit to purchase modern fishing and storage 
equipment’s, high cost of fishing gears, poor roads, low 
bargaining power, inadequate extension services and lack 
of market information. The study conclude that in order 
to enhance artisanal fisher’s incomes the government in 
collaboration with other stakeholders should address 
the observed constraining factors affecting artisanal 
fishers’ incomes. 
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Although the dynamics of coastal resources are largely 
determined by the impacts of human users, spatially-explicit 
social data are rarely systematically integrated into coastal 
management planning in data-poor developing states. In 
order to develop a community-based mangrove payments 
for ecosystem services (PES) initiative in the Bay of Assassins 
in the southwest Madagascar, we used two participatory 
approaches with 10 coastal communities to investigate the 
dynamics and spatial distribution of the mangrove resources 
they use: public participation, geographic information 
systems and concept modelling workshops. In each village 
we conducted participatory mapping of land and marine 
resource use with different livelihood groups. Using printed 
satellite images, and concept modelling workshops we 
developed concept models of the mangrove social-ecological 
system (including identification of threats and underlying 
drivers and proposal of targeted management strategies). 
Each community then proposed mangrove zoning consisting 
of strict conservation zones, sustainable use zones and 
restoration zones. Following validation and ground-truthing, 
the zones and management strategies proposed formed 
the basis of the zoning and management plans for the 
mangrove. Participatory approaches proved a simple and 
reliable way to gather spatial data and better understand 
the relationships between the mangrove and those who 
use it. Moreover, participation stimulated mangrove users 
to consider resource trends, the impacts of their activities, 
and required management actions, promoting a collective 
‘buy-in’ for the PES project. Since participation extended 
beyond research to the development of management zones, 
rules and strategies, we believe that community ownership 
of the project has been strengthened and the chances of 
successfully conserving the mangrove improved. 

Keywords: Community-based natural resource 
management, Concept modelling, Conservation, 
Participatory mapping, Public participation GIS, 

POSTER
Sea level variability in Pemba, north of 
Mozambique 

CLOUSA MAUEUA1, SINIBALDO CANHANGA1, 
DAVID COTTON2 
1Instituto Nacional de Hidrografia e Navegação, Karl 
Marx ave., PO. Box: 2089, Maputo, Mozambique. 
2Satellite Oceanographic Consultants Ltd, 49 Seal Road, 
Stockport, SK7 2JS, UK 

Email: clousamaueua@gmail.com

Background 
Sea Level (SL) variability has been a concern for the 
population that lives in coastal zone. The rise in SL 
increases the water depth and impacts the tides in 
terms of their dynamics and amplitude. In this study we 
evaluate the SL change and tidal change in a station at 
Pemba harbour, on the northern Mozambique coast. 

Methods 

This study is part of the Coastal Risk Information 
Service (C-RISe) project that aims to assess the risk of 
the coastal sea level rise. The sea level data used in this 
study are in a metric and were not adjusted in ‘revised 
local reference’. These data were obtained from a tide 
gauge at Pemba harbour that is located in Pemba Bay 
at a position: Latitude -12.96°S and Longitude 40.55°E. 
The data comprise monthly mean since September 
1970 to November 2015, with some gaps of missing 
data in between that period. The processing involved a 
stochastic dynamical method to obtain a linear trend. 

Results 

Pemba station shows a semi-diurnal regime with the 
lunar constituent M2 giving more contribution within the 
astronomical components. The sea level in this station has 
annual and inter-annual variability. The months October-
December showed no linearity between the analysed 
years: in 1971 the mean level increased from October 
to November and then decreased from November to 
October; in 2007 the tendency was reversed and; in 
2015 the trend from 1971 is repeated. The mean SL 
had it lowest value, below 230mm during 2009. Within 
the data of 2009 and 2015, the months of February 
and March showed the highest values. These were, for 
2009: February- 243mm, March- 235mm, and for 2015: 
February250mm, March- 251mm. An estimate of the SL 
trend showed a rise 0.0183mm per year. 

Conclusion 

With these results we conclude that the Sea level is 
highest in February-March and lowest during September-
October. With regards to the trend a slow rise of the SL is 
observed at Pemba Bay, although this value not significant 
enough to induce an increase in high water levels.
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Background 

Several sea cucumber species (Echinodermata: 
Holothuroidea) are fished, mostly for export of the 
dried product (Beche-de-mer or trepang) for oriental 
consumers. Previous studies had analysed the historical 
trends at the world-scale until 2014. In the Western 
Indian Ocean (WIO), these fisheries have a long history 
and several programmes have tried to ameliorate 
their management as they appear to be now mostly 
overexploited. This up-date presents the most recent 
data available for the WIO and discusses the trends and 
possible management tools. 

Methods 

Previous studies, including a Masma project (2000 
– 2014) and several FAO meetings and publications 
have allowed interactions between scientists studying 
holothurians within and outside the WIO. Information 
has therefore been recently gathered through a 
questionnaire conducted to prepare an up-to-date 
review for the WIO region, and through access to the 
most recent yet unpublished available data (2015 to 
2017) on: the status of the holothurian fisheries in the 
different countries through the evaluation of the catches 
and/or the processed product, the present management 
and /or its recent changes- 

The imports of beche de mer and other products coming 
from the WIO countries, in the major market hub Hong 
Kong SAR, where it appears under several categories. 

The FAO yearly statistics on this commodity, by country 
and global. The different data are analysed and the 
synthesis prepared shows the main characteristics for 
the region and the problems encountered for the last 
years. The regulations in the different countries when the 
information is available, have been compiled. 

Results 

• Detailed results are presented for the countries in the 
WIO, which responded to the enquiry on their yearly 
catches and their present management: these are from 
La Réunion (and Iles Eparses), Madagascar, Mauritius, 
Mayotte, Mozambique, Oman, Seychelles, Tanzania 
and South Africa. The up-date from Sri Lanka in the 
Eastern Indian Ocean (EIO) is particularly important, 
given that the CITES Conference of Parties coming 
in May 2019, which will consider the proposed listing 
for teat fish (Holothuria fuscogilva, H. nobilis and H. 
whithmaei). The responses from countries highlighted 
recent improvements in management. Some countries 
have adopted catch quotas, fishing ban or other size 
regulations. These options are discussed in relation to 
increase of illegal catch. 

• Imports into Hong Kong market had been presented 
until 2016. The last data for 2017 show the 
importance of this hub for the imports coming from 
sixteen countries from WIO. There has also been 
evidence to suggest a shift in trade routes into main 
markets in mainland China, with Viet Nam emerging 
as an interim destination between Hong Kong and 
mainland Chinese markets which is worth further 
investigations.

• FAO world statistics had been used to present 
the changes during the last decade of the tropical 
fisheries up to 2014 ; this study is an update for the 
last years available 2015- 2017, concentrating on the 
WIO countries. 

Conclusion 

The recent trends shown by these data sets reveal that 
demand for holothurians is still very strong. Long term 
declines in catches are observed in many WIO countries. 
Some difficulties in all the statistics come from the unit used 
(fresh or dry weight), which still needs more attention. A 
regional approach is needed to follow the future trends and 
use comparable management tools. These are necessary to 
be able to follow the stocks and overcome the problems 
with IUU fishing and trade.
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POSTER
Benefits of Remote Sensing in Science and 
Management – Case Study of Eddies and 
Productivity of Kenyan Coast. 

DAINA MATHAI, HARRISON ONG’ANDA AND 
EDWARD KIMANI 

The Government of Kenya successfully launched the 
Blue Economy in 2018 and aquatic scientists are excited 
as this is a platform to make a difference in marine 
science and Management. Satellite Oceanography such as 
Remote Sensing and Geographic Information Systems can 
revolutionize and be a key role in understanding the dynamics 
and complementing Marine Science and Management. 
Researchers at Kenya Marine and Fisheries Research 
Institute have been collecting baseline data on pelagic fish 
resources in the 0-100m depth through fish hydro-acoustics. 
NetCDF formatted data is routinely downloaded from the 
USGS OceanColor site to complement the on-going work 
undertaken on the RV Mtafiti. The data collected by the 
SeaWIFS, MODIS and other sensors is used to inform the 
Sea Surface conditions. The data is processed by converting 
the NetCDF data into GeoTIFF through the GDAL/
OGR module in SAGA GIS software once the necessary 
georeferencing and descaling of the data is carried out. The 
resulting raster data is analyzed to isolate the necessary 
contrasts for identification of eddies and productivity 
patterns. The hydro-acoustics biomass data collected 
through the month of November-December 2016 gave 
fish biomass estimate of 5.5 ton/km2 with SS chlorophyll 
maximum of 7 mgm-3. Depiction of sea surface heights 
in the surveyed block indicates minimal upwelling. These 
satellite products will therefore be useful in understanding 
the fisheries resource potential and associated oceanic 
variables when the surveys for NEM and SEM seasons are 
completed , thus assisting in fisheries resource allocation 
and exploitation in Kenya.

ORAL – Wednesday, G2, 1220
Modelling tidal effects in the Mozambique Channel 
and implications for tropical cyclones
 
D. MAWREN AND C.J.C. REASON 

Oceanography Dept., University of Cape Town, Private 
Bag X3, Rondebosch 7701 South Africa 

Email: chris.reason@uct.ac.za

Evidence exists of the increasing frequency of occurrence 
of strong tropical cyclones (categories 3-5) in the South 
West Indian Ocean, including the Mozambique Channel, 
in recent decades. When they approach the coast, 
these systems can cause large loss of life and significant 
damage to coastal communities and ecosystems. Various 
properties of the upper ocean such as tropical cyclone 

heat potential, mixing length temperature, mixed layer 
depth, and barrier layer thickness have been linked to 
the intensification of tropical cyclones. However, little or 
no work has been done on the ability of tidal effects 
in relatively confined regions such as the Mozambique 
Channel to influence these upper ocean characteristics 
and hence tropical cyclone behaviour. 

Here, various experiments using the Regional Ocean 
Modelling System (ROMS) are conducted, with and without 
tidal forcing, in a high resolution configuration of the 
Mozambique Channel region to investigate the influence of 
tidal effects. The model is driven at the surface by NCEP 
CFSR winds and heat fluxes. On seasonal time scales, the 
tidal forcing simulation shows warmer temperatures in the 
upper layer particularly near strong ocean currents (North 
East Madagascar Current and South East Madagascar 
Current). Warming near these currents is intensified during 
winter due to the southeast trade winds, while in summer, 
poleward advection of warmer waters south of 16-17o S 
seemed more prominent. The model runs with tidal forcing 
included also give a better representation of upper ocean 
temperature and salinity, sea surface height distribution and 
associated geostrophic currents compared to observations 
than the case when there is no tidal forcing in the model. 
On weather time scales, these changes in the upper ocean 
structure, especially near the coast or in shallow regions can 
alter the intensity of passing tropical cyclones. The model 
results show that when a tropical cyclone encounters a 
warm anticyclonic eddy in the Mozambique Channel, the 
SST cooling by the cyclone was substantially reduced, the 
mixing length temperature is increased and the mixed layer 
is deepened. In the case of tidal forcing included, the mixed 
layer is deepened by up to 6m, the sea surface height is 
raised by about 0.2m and the eddy kinetic energy of the 
upper ocean increased by 600cm 2 s 2 . Furthermore, the 
model shows a better representation of the position of the 
eddy compared to altimetry when tidal forcing is included 
than the case when there are no tidal effects. These changes 
in upper ocean characteristic and eddy position are likely to 
be important for TC evolution. 

POSTER
Influence of land use change on greenhouse gas 
emission in a tropical wetland in Kenya. 

D.N. KINYUA1 , T. HEIN2 , N. KITAKA1 , R. ONDIEK1, L. 
MERBOLD3 , P. MUTUO3 

1Egerton University, Njoro, Kenya. 
2University of Life and Natural Sciences, Vienna, Austria. 
3International Livestock Research Institute, Nairobi 
Kenya. 

Wetlands exert effects on both global and regional climate 
change through the storage of carbon and the emission 
of potent greenhouse gases (methane, nitrous oxide and 
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carbon dioxide) into the atmosphere.  While greenhouse 
gas emissions have been well studied in the temperate 
wetlands, similar studies are almost absent in sub-Sahara 
Africa wetlands, which are currently under intense 
anthropogenic pressure. Drive for economic growth, 
agricultural practices and urban development have been 
reported to be the major threats to wetlands and their 
biota, mainly through drainage, clearing and reclamation 
for subsistence crop production. Consequently, wetlands 
in Africa continue to be converted into farmland thereby 
altering the hydrology of the wetlands resulting in less 
carbon sequestration leading to increased emission of 
GHG. Carbon sequestration in natural ecosystems such 
as wetlands, is one of the options proposed to reduce 
the GHG effect. Hence there is need to understand 
the emissions of the GHG from natural wetlands and 
whether conversion into farmlands influences their 
emissions. A study was conducted between December 
2017 and January 2018 in Anyiko wetland, Siaya County, 
Kenya to assess the influence of wetland conversion into 
farmland on GHG (CH4, CO2 and N2O) emissions using 
the static chamber method. The study compared CH4, 
CO2 and N2O emissions between farmland (unfertilized 
cocoyam farms) and natural areas of a tropical wetland. 
Overall farmland had a tendency of higher greenhouse 
effect as compared to the natural wetland. The study 
found that farmland was a probable sink for CH4 with 
flux ranging between -0.07 to 0.09 mgm¯² h¯ ¹, and a 
source for CO2 and N2O (221.86±17.86 mgm¯²h¯ ¹, 
187.06±25.41 µgm¯²h¯¹ respectively). While unconverted 
area was a source for CH4, flux ranged from 5.32 to 40.59 
mgm¯²h¯¹. Conversion of wetland to farmland results to 
increased oxidation of OM, consequently, a reduction 
in CH4 emission, while CO2 and N2O fluxes increases. 
Continued drainage of wetlands without preserving their 
ecological integrity will eventually result in ecosystem 
disservices such as turning wetlands from carbon sinks 
into sources. 

ORAL – Wednesday, LT2, 1600
Weakening Macroalgal Feedbacks by Shading to 
Assist Coral Recovery 
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GENDRON, GILBERTE3, BARLOW, JOS4, GRAHAM, 
NICK5 
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Macroalgae are increasingly replacing corals as dominant 
benthic settlers on tropical reefs using effective self-
reinforcing feedback mechanisms to ensure their 
dominance. For instance, macroalgae can form dense 
fields and supress coral-supporting processes, such 
as herbivory, or the next algal generation can use the 
decaying plant material of the previous generation as 
nutrients. Research suggests that the feedback regime can 
be manipulated to tip the scales back in favour of corals. 
We attempted this feedback manipulation using shade to 
weaken algae-reinforcing processes and reinstate algae-
destabilising processes, such as herbivory. 

We implemented our feedback manipulation by shading 
algal plots of different sizes (small: 4 m²; large: 9 m²) 
for six weeks and recorded the changes it induced to 
the underlying benthos and associated fish community. 
For this, we used submerged shade sails that we built 
on top of dense Sargassum fields. As predicted, the 
sails reduced the algae’s ability to photosynthesise. 
Photosynthetic efficiency (Y(II), measured using pulse-
amplitudemodulation chlorophyll fluorometer) of 
Sargassum halved at week five of the experiment. After 
six weeks of constant shading, we recorded a 25% 
macroalgae cover reduction under small sails and a 
52% reduction under large sails. This doubling in algal 
clearance suggests that effectiveness scales with shade 
sail size. We tested the regrowth-potential of turf algae 
under shaded conditions using settlement blocks. Small 
shade sails reduced algal regrowth by 23%, while large 
sails reduced regrowth by 82%. The fish community 
associated with experimental plots showed a four-fold 
increase in herbivore biomass, doubling of planktivore 
biomass, and appearance of previously absent piscivores 
throughout the experiment. Coral reef fishes were 
visibly attracted by the shading structures. 

Three months after removal of the shade sails, the 
Sargassum fields almost completely regrew. During 
this regrowth period, herbivore bites taken from the 
experiment’s substrate were recorded and displayed 
a significant decoupling from algal growth. The more 
the Sargassum regrew, the less bites were taken from 
experimental plots by herbivores. An exception to this 
trend were herbivore scrapers (i.e. parrotfish) which 
showed no reduction in bites for two months after 
removal of shading structures in 9-m² plots. We present 
a novel method to investigate and manipulate coral-algal 
feedback mechanisms. Our study is the first to succeed 
in weakening macroalgal feedbacks via the alteration of 
the light regime to clear open settlement space. Our 
findings add to the knowledge of coral reef recovery 
and have promising implications for local coral reef 
management. Future studies need to expand our pilot 
findings using larger experimental plots for longer time 
frames, investigate whether corals can regrow under 
shaded conditions, and uncover whether parrotfish 
feeding scales with increased area of macroalgal clearing
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Creating a Blue Port: Building ecological resilience 
and addressing youth unemployment in Durban Bay 
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Background

Globally, ports are highly important in trade and 
transportation networks, have major significance as 
import and export facilities and the development of 
surrounding coastal and urban areas. They also afford 
benefits shared by a range of stakeholders including 
commercial shipping, local businesses and residents, 
recreational clubs, nature conservation, and tourism. 
However, ports are also hotspots for pollution related to 
the different operations they support which impact on 
the environmental and social sustainability. The Durban 
port, which is considered an estuarine bay, situated on 
the east coast of South Africa, is a modern, well-equipped 
and highly industrialized port, and one of the busiest in 
Africa. Whilst the bay remains highly significant from an 
ecological perspective, it is considered a degraded and 
highly transformed ecosystem. Unfortunately, the natural 
Durban bay environment has been further degraded 
due to pollution (solid waste and effluent), runoff from 
the city and other industrial activities. The uMbilo, 
uMhlatuzana and aManzimnyama rivers that supply 
freshwater to the bay all receive runoff form residential 
and industrial areas. In addition to the current degraded 
system and continuous input of pollution, the Durban 
Port experienced an extreme storm, during which over 
2200 million (49 tons) plastic pellets (nurdles) were 
released into the Port and were subsequently dispersed 
into the Indian Ocean along the entire eastern seaboard 
of South Africa. The challenges experienced responding 
to a pollution event of this magnitude, really highlight 
the growing scourge of marine plastic pollution. There 
is a growing global movement of citizens appalled by the 
state of our rivers and beaches and an urgent need for 
plans to prevent and address these issues. 

Methods 

This problem presents an opportunity for a co-ordinated 
project to create action-based research to restore 
the natural functioning of the bay, create awareness to 
prevent further degradation and a clean environment 
that further stimulates nature-based industries as well 
as improving efficiencies of industrial activities in the 
port. Building off the foundation of WILDTRUST’S “Blue 
Crew” and Recycling projects, the Blue Port project will 
focus on progressively cleaning up the natural ecosystem 
in the port, restoring habitats and most importantly, 

reducing the solid waste. This will be done through 
the establishment of a local workforce, which enables 
capacity building and work-place experience for local 
unemployed youth. 

Results 

WILDTRUST’S “Blue Crew” is a team of previously 
unemployed women deployed daily on the Durban 
and Richards Bay coast to collect waste from beaches 
preventing it from getting washed back into the ocean. 
This team enabled the collection and recycling of 32 
089.6 kgs of waste this past year. For four months in 2018, 
the Blue Crew expanded from its normal fourperson 
teams to include a team of 80 people; 20 tons of waste 
was collected in a relatively small section of the Durban 
Port during this time, demonstrating the potential impact 
when activating at scale. The Durban Blue Crew were 
also among the first responders in the nurdle spill crisis 
in October 2017. The Blue Port project intends to 
expand on these successes, increasing intensity through 
larger teams, starting with a scale up to 50 people, and 
strategic zoning of clean-up operations. 

Conclusion 

The project’s ultimate goal is to establish the profile and 
reputation of Durban port, not only as the busiest port 
in Africa and premier destination for efficient shipping 
services, but also as a prime contributor to a vibrant 
blue-green economy that creates jobs while ensuring 
sustainability for the future. 

Keywords: Recycling, ecosystem resilience, pollution 
Theme: Pollution: Source, Fate and Social and 
Environmental Impacts
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Assessment of factors affecting juvenile penaeid 
shrimp distribution in nearshore nursery areas 
in Maputo Bay reveals substantial variation in 
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Background 

Due to complex interactions of biotic, abiotic and landscape 
factors, the nursery value of nearshore habitats shows large 
geographical variation, even for the same habitats within 
systems. It is therefore important to assess the factors 
affecting juvenile distribution within nurseries for an efficient 
conservation of coastal ecosystems and management 
of commercial fishery resources. Some penaeid shrimp 
species are reported to have a preference for mangroves 
as nursery habitat, whereas other are more widespread, 
occurring in seagrass beds, mud flats, mangrove channels, etc. 
Although temporal and spatial variations of juvenile penaeid 
shrimp in different shallow water habitats are relatively well 
described the factors controlling juvenile shrimp abundance 
and distribution within and between coastal areas are still 
poorly understood, including the importance of mangroves 
for juvenile recruitment. The aim of this study is to expand 
the investigation on spatial and temporal pattern of three 
commercially important penaeid shrimp species in Maputo 
Bay, southern Mozambique (Penaeus indicus, Metapenaeus 
monoceros and Metapenaeus stebbingi), and to identify factors 
that influence their distribution and abundance within four 
estuarine and coastal nursery areas. Quantitative data on 
juvenile shrimp densities, abiotic, biotic environmental 
variables and landscape factors were obtained and analysed 
for two different seasons. 

Methods 

To assess how the distribution of juvenile shrimp in 
shallow habitats varies in relation to physical and biological 
variables, sampling of penaeid shrimp, potential shrimp 
predators, distance to mangrove habitats and other 
biological and physical variables were carried out based 
on standard sample collection and measurement methods, 
in four potential nursery areas in Maputo Bay: Incomati, 
Espírito Santo, and Maputo River estuaries, and the Bembe 
area during two different seasons (dry and wet). 

Results 

The results showed that the nursery areas were 
distinctly different in e.g. salinity, sediment composition, 
and predator abundance, and suggest that different 
factors were affecting the distribution of shrimp in each 
area. In the most exploited estuary, Espírito Santo, which 
2 showed the overall highest number of shrimp, the 
density of all species appeared to be driven by turbidity. 
However, in Maputo River estuary the distribution of 
all shrimp species was best explained by the amount of 
benthic microalgae and the extent of mud and sandflats, 
whereas different factors appeared to affect each species 
in the Incomati River estuary. In the coastal area Bembe, 
the content of clay in the sediment (or the hydrodynamic 
environment) appeared to drive shrimp densities, 
resulting in a species-specific distribution. 

Conclusions 

The results suggest that the distribution of juvenile 
penaeid shrimp is driven by complex interactions of 
abiotic, biotic and landscape factors that may differ 
between apparent similar areas, making it difficult to 
generalize and define what constitute a good nursery 
area for these species. Instead the result suggests that 
the juvenile shrimp can make use of many different 
types of coastal environments as nursery areas, including 
both estuarine and marine areas. Overall, the results 
suggest productive mud- and sandflats, with or without 
fringing mangroves, constitute key nursery areas for 
penaeid shrimp in the study area. Maputo Bay is the 
second largest commercial shrimp fishing ground in 
Mozambique and this study may contribute with valuable 
scientific information to support a nursery area oriented 
sustainable management of the penaeid shrimp fishery.

POSTER
Reproductive biology and commercialization 
of mangrove crab (Scylla serrata, Forskal, 1775) in 
Zambézia province, Mozambique 

DANIEL OLIVEIRA MUALEQUE1, EURICO MORAIS2, 
CARLOTA AMODA3, ZACARIAS SECANHE4

Mozabique Institute of Fisheries Research, Zambezia 
Delegation 

Email: dnllvr7@gmail.com

Background 

The mangrove crab (Scylla serrata, Forskal, 1775), is a 
crustacean of the order Decapoda, and family Portunidae 
that is associated with mangrove forest. Fishing for this 
species in Mozambique is a traditional activity involving 
mainly artisanal fishermen. In Zambezia province, despite 
increasing pressure from fishing for this resource, there 
are still no studies that could help fisheries management. 
In this context, the present study intends to determine the 
reproductive period and the sexual maturity size of the 
species, to help the fishery management of the resource. 

Methods 

Was sampled between November 2016 and October 
2017, in Taicom Mozambique, Lda (a company that 
bought and exports to the Asian market), 579 individuals, 
of which 169 were females and 410 males. During the 
sampling, morphometric measurements were made 
and the stages of sexual maturity were determined 
and export data were also used. It was assumed that 
there was reproductive synchrony between males and 
females and therefore for the study of reproductive 
biology only females with a carapace width ranging 
from 6.5 to 16.5cm (11.5±3.0cm) was used. For the 
study of reproductive biology were macroscopically 
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determinate gonad maturation stages and estimated the 
gonadosomatic index, gonadal condition factor and size 
of sexual maturity. The catches of all companies were 
added to estimate the total catch exported. 

Results 

The results indicate that the species presents a continuous 
pattern of spawning. However, the peak occurs in the 
month of April and between September and October, 
which according to the results of the analysis of the sexual 
maturity size occurs when the individuals reach 9.80cm 
of the carapace width, although the spawning interval is 
9,5 to 10,12cm of the carapace width. The recruitment 
season, which indicates the period when new individuals 
are incorporated into the population, occurs in the 
months of January to March. Were exported 893,2 ton 
of live crab to the Asian Market between 2016 and 2017. 
Conclusion 

The mangrove crab spawns every month of the year. 
However, the peak occurs in the month of April and 
between September and October, when the individuals 
reach 9.80cm of the width of the carapace, or 9.50cm for 
those of early spawning or 10,12cm for those that spawn 
late; The recruitment season, which indicates the period 
in which new individuals are incorporated into the 
population, occurs in the months of January to March; 
893.2 tons of live crab were traded between 2016 and 
2017 at an average price ranging from 90-150.00Mt / kg 
and exported to the Asian market, China and the crab 
rejected because of its smaller size or weight or even, 
molting stage is returned to the fisherman

Keywords: Reproductive period, sexual maturity, 
commercialization, Scylla serrata, Zambézia, Mozambique
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Catch structure of Lobsters in Southeastern 
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Majority of domestic catch of lobsters in Madagascar 
is found in Southeast coast. In this Island, 5 species of 
lobsters are present (Panulirus homarus, P. longipes, P. 
ornatus, P. penicillatus, P,.versicolor) and the P. longipes and 
P. homarus dominate the catch. The fishing technics are 
totally small-scale (traditional) – by trap, snorkeling 
and net. Data from regional fisheries authority reports 
catches have declined, likely due to over-exploitation. 
Data from 2000 to 2018 show that catch trend has 

decreased but not very strong (r 2=0,3) and the annual 
catch is around 200 tonnes. Surplus model analysis of 
this data show also that lobster stock in this region is 
fully exploited. Data from socio-economic survey and 
catch survey show that CPUE per canoe per day is still 
benefit for fisherman during the last 4 years (CPUE = 
1,22 per canoe per day). Seasonality Test of the catch 
confirms as well that the maximum of the production 
happens in January and in April to May. The test shows 
that 70.91% of production are dependant on the season. 
Those results are very important and used to regularly 
verify the duration and the season of national closure, in 
additional to the reproduction data. 

Keywords: Lobsters, Southeast coast Madagascar, 
catch, seasonality
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Background 

The Western Indian Ocean comprises ten countries 
- Comoros, France, Kenya, Madagascar, Mauritius, 
Mozambique, Seychelles, Somalia, South Africa and 
Tanzania. Countries of the region are predominantly 
transforming from economies dominated by high levels 
of dependence on ecosystem services (in agriculture, 
tourism, fisheries and other sectors), to middle-income 
levels through manufacturing and the emergence of the 
fourth industrial revolution. At the same time, they are 
going through a phase of rapid population growth, and new 
discoveries of fossil fuel deposits of regional and global 
significance will likely boost development. As a result of 
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these drivers of change, economic growth in the region 
is expected to be amongst the highest globally over the 
next several decades. Within this context, the question of 
how to deliver a blue economic future that is equitable, 
sustainable, just and inclusive, as defined by all countries 
in the Sustainable Development Goals (SDGs) and the 
African Union’s Agenda 2063, is a challenge that the region’s 
countries and many in civil society and business want to 
address. This paper presents our work on the value and 
importance of ecosystem assets to coastal societies and 
a ‘transformative scenarios process’ that explores how 
Western Indian Ocean countries may navigate the future 
under different development pathways. 

Methods 

Services from ocean ecosystems and natural assets of 
the Western Indian Ocean were valued by the Boston 
Consulting Group using an economic analysis method 
developed from similar global and regional studies. Ten 
sectors that directly depend on living ocean ecosystems 
(excluding e.g. shipping) were evaluated and grouped 
into three classes: direct outputs from the ocean (e.g. 
fishing), direct services from the ocean (e.g. marine 
tourism) and ‘adjacent benefits’ from the coastline 
(e.g. coastal tourism). The Transformative Scenarios 
Process (TSP) method was applied over a 1-year period 
with three regional workshops attended by over 100 
participants from across different countries, sectors 
and constituencies (www.wiofutures.net). TSP is based 
on bringing influential and thought-leaders together 
through multiple facilitated 2 meetings to discuss a sets 
of problems and build narratives that illustrate a range 
of potential futures. The process was integrated with 
national and regional preparations and discussions on 
SDG 14 and Voluntary Commitments for the UN Ocean 
Conference in June 2017. 
Results 

The living ocean assets of the region were valued at 
US$333.8 billion in 2015, producing an annual output 
of US$ 20.8 billion, 4 th in line compared to the GDP 
of the region’s countries. Valuable long term assets 
include fisheries, mangroves, seagrass beds, coral reefs 
and the coastline itself, while coastal and marine tourism 
generated over 70% of annual income. However, the 
health of the region’s ocean is declining, putting at risk 
its productivity and the livelihoods and jobs dependent 
on it. Drivers of change that produce negative impacts 
include excessive and destructive fishing, climate change, 
unsustainable practices and growth in coastal and marine 
economic sectors, of which some depend on ecosystem 
health for their productivity (e.g. tourism) and others 
don’t (e.g. oil and gas, shipping). Four scenarios were 
developed, differentiated by what participants decided 
are the two most impactful and uncertain drivers of 
change (i.e. critical uncertainties) for the region: the 

quality of governance and the level of investment. These 
formed two axes, contrasting high versus low quality 
of governance and high versus low investment. Four 
narratives result from these, expressing the fortunes 
of a given country over a generation, from 2018-2035. 
The narratives use the metaphor of an ocean journey, 
reflected in their titles - ‘slow but sure’, ‘riding the 
wave’, ‘pirate ship’ and ‘all pain no gain’. These evoke the 
potential wealth from the sea, the role of coastal and 
maritime trade in the countries’ histories and futures, 
and the importance of ocean and coastal ecosystems in 
providing income and non-income benefits to people, 
such as livelihoods for the poor and adaptive capacity to 
climate change. The ‘blue economy’ scenario (‘riding the 
wave’) is characterized by strong investment and good 
governance and illustrates the many benefits of these, while 
the other three scenarios illustrate the negative influence 
of poor investment, poor governance, or both, on the lives 
of citizens and the national economies. Further work will 
look at how these scenarios relate to current baselines 
in countries and what their effect on future economic 
development might be. This will help stimulate discussion 
on how to improve both investment and governance 
processes, including policy trade-offs, to deliver on a 
sustainable blue economy, and maximize opportunities 
for positive outcomes. The paper will present challenges 
and potential solutions to a sustainable blue economy 
embedded in the traditional linear economic paradigm 
of over-exploitation of materials, fossil fuel dependence, 
environmental pollution from waste products and 
a lack of attention to the negative consequences of 
demographic change. The alternative circular economic 
model provides opportunities for transformation, with a 
focus on sustainable economic and social development 
and prosperity, renewable and efficient energy models, and 
approaches that empower participation and planning by all 
sectors of society and business. 

Conclusion 

Currently, while the health of the Western Indian Ocean 
is better than the global average, it is undergoing decline 
through inadequate governance and unsustainable 
development. Using scenarios in planning processes 
may illustrate opportunities to ensure the equitable, 
sustainable, just and inclusive development expressed 
by the countries’ emerging blue economy aspirations 
and policies, and avoid the mistakes of ‘resource curse’ 
decisions focused on short term development and profits. 

Keywords: Sustainable Development Goals, Blue 
Economy, Scenarios, governance, investment East Africa
.
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POSTER
Metagenomic Barcoding of Microbiomes from 
Seagrass Found in Coastal Kenya Using 16s rRNA 
sequencing 

DAVIES KIAMBI KAIMENYI 

Seagrasses are unique flowering plants that live entirely in 
the marine environment. They form large meadows that 
provide habitats for marine life and physical anchoring 
systems. Microbes have been found to have a significant 
effect on many eukaryotic organisms’ health and has been 
proposed to be used as an indicator which can guide its 
sustainable exploitation. For economic exploitation of 
this resource, such as by establishing a healthy seagrass 
stand that can be harvested for human snack, livestock 
feed or fertilizer, its sustainability needs to assessed. 
This study proposed to characterize the abundance and 
diversity of microbiomes associated with Thalassodendron 
ciliatum, and Enhalus acoroides; leaves and roots and their 
surrounding water and sediment. Environmental DNA 
samples were extracted from the target microbiomes 
of the 2 species, using Mobio DNA extraction kits, PCR 
amplified using universal 16S primers, the amplicons 
purified and submitted to 16S sequencing. The resulting 
cleaned sequences were analyzed using the Quantitative 
Insight Into Microbial Ecology (QIIME) bioinformatics 
pipeline. Overall, the most dominant phyla associated with 
both species was Proteobacteria, Bacteriodes, Cyanobacteria, 
Actinobacteria Caldithrix and Acidobacteria. E. acoroides 
associated samples showed higher organism diversity 
compared to T. ciliatum associated samples, in all alpha 
diversity metrics. Beta diversity analyses showed that, 
rhizosphere samples tended to cluster closer together 
than phyllosphere samples, but water sample replicates did 
not group together at all in both sites on the PCoA plot. E. 
acoroides associated samples exhibited higher proportions 
of microbes present in primary nutrient cycles, and fewer 
microbes associated with pathogenicity and heavy metals 
than T. ciliatum associated samples. Fecal indicator bacteria 
were absent at both sampling sites. T. ciliatum will serve 
better as fertilizer than animal feed due to the relatively 
high proportion of suspected pathogenic bacteria genera 
as well as decomposer bacteria present in its microbiomes. 
E. acoroides, will be more feasible as human and animal feed 
due to the virtual absence of pathogenic bacteria genera 
and observed presence of large numbers of bacteria 
associated with primary nutrient cycles. 

ORAL - Monday, LT1, 1200 
Fishery Characteristics and Stock Status of Indian 
Ocean Striped Marlin (Tetrapturus audax) and Black 
Marlin (Makaira indica) 

DENHAM PARKER1, HENNING WINKER1, 
CHARLENE DA SILVA1 AND SVEN KERWATH1 

1Branch: Fisheries Management, Department of 
Agriculture, Forestry and Fisheries, Private Bag X2 
Vlaeberg 8018, South Africa 

Background 

Striped marlin and black marlin are considered non-
target species of the industrial fisheries that operate 
throughout the Indian Ocean. For striped marlin, longlines 
account for around 69% of total catches in the Indian 
Ocean, followed by gillnets (24%), with remaining catches 
recorded under troll and handlines. Recent data indicates 
the countries with the highest marlin landings include 
Indonesia (drifting longline and coastal longline), Taiwan 
(drifting longline) I.R. Iran (gillnet) and Pakistan (gillnet). 
Previous assessments determined the striped marlin 
stock status to be overfished and subject to overfishing, 
while black marlin stock was subject to overfishing and 
overfished in recent years (IOTC, 2017). Consequently, 
both species remain a conservation concern. 
Methods 

Total nominal catch of striped marlin and black marlin, 
spanning from 1950 to 2017 and disaggregated by 
fleet, was obtained from the IOTC Secretariat. Relative 
abundance indices were made available in the form of 
standardized catch-per-unit-of-effort (CPUE) time-
series, which were assumed to be proportional to 
biomass. This stock assessment was implemented 
using the Bayesian state-space surplus production 
model framework JABBA, version v1.2 (Winker et al., 
2018a). To assess both species, we considered several 
alternative specifications of the Pella-Tomlinson model 
type based on two differing nominal catch data time-
series, two differing CPUE time-series combinations and 
three differing r priors and associated input values of 
BMSY/K. Model diagnostic tools that were run on the 
chosen base-case scenarios included a CPUE sensitivity 
analysis that iteratively removed a single CPUE time-
series and compared the predicted vectors of biomass 
By, fishing mortality Fy, the ratios By/K, By/BMSY and Fy/
FMSY. A retrospective analysis (Mohn, 1999) was also 
implemented by sequentially removing the most the 
recent year (retrospective ‘peel’) and refitting the model 
over a period of ten years (i.e. 2017 back to 2007). 

Results 

Nominal catches of striped marlin in the Indian Ocean were 
highly variable, peaking in 1987 with a total of 8,729 tons. 
For both Taiwan, China CPUE indices (NW and NW) the 
predicted CPUE showed a good fit to the observed CPUEs 
and these are seemingly more informative to the model than 
that of the Japanese indices. All scenarios produce B/BMSY 
trajectories that steadily declined from the late 1970s to 
around 2010 before levelling at the approximate current B/
BMSY estimates. However, a steady increase of F/FMSY since 
the 1970s has continued unabated. Individual Kobe biplots 
were similar among all scenarios and each indicated a >99% 
probability that the Indian Ocean striped marlin stock is 
overfished and currently subjected to overfishing. Nominal 
catches of black marlin in the Indian Ocean were relatively 
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low prior to 1990, and only exceeded 2,500 tons for the 
first time in 1992. Thereafter, catches increased significantly 
to a maximum of 21,070 tons in 2017. Relative abundance 
(CPUE) estimates steadily decline from 1979 until 2005, 
after which signals for a general positive (increasing) trend 
become evident. All scenarios produce B/BMSY trajectories 
that steadily declined from the late 1980s to when it levelled 
in 2005. Thereafter, B/BMSY increased from 2008 to 2017. 
Individual Kobe biplots were similar among all scenarios 
and each indicated that the biomass remains above BMSY 
despite two of the four scenarios indicating that overfishing 
(F/FMSY >1) may be occurring. The retrospective analysis 
produced highly variable stock status estimates with 
strong evidence of an undesirable retrospective pattern 
and highlighted the poor performance with regards to 
the robustness of estimates and forward projections of B/
BMSY and F/FMSY in the black marlin assessment. 

Conclusion 

The results of the striped marlin assessment are broadly 
comparable with the previous (2017) assessment, 
suggesting that the stock remains overfished and subject 
to overfishing. The robustness to the retrospective 
analysis results provides a degree of confidence in the 
predictive capabilities of the assessment and, therefore, 
the assessments ability to inform management decisions 
by means of future projections under alternative 
quota. Further catch restrictions for this species are 
recommended. In contrast, the results of the black marlin 
assessment suggest severe model misspecification which is 
likely a result of poor quality input data (catch and CPUE). 
The observed increasing CPUE trend in conjunction with 
a significant increase in catch since ~2010 pushes the limits 
of biological plausibility. As a result, the surplus production 
function exhibits a strong, systematic retrospective 
pattern, which arises from compensating for simultaneous 
increases in catch and relative abundance by inflating the 
pristine biomass estimate (K). The observed systematic 
deviations in the retrospective analysis results provide 
little confidence in the predictive capabilities of the 
assessment and, consequently, the assessment’s estimated 
fishery management reference points should not be used 
to inform management decisions. It is recommended that 
further scrutiny be applied to black marlin catch and effort 
data for the Indian Ocean. 

ORAL – Wednesday, G2, 1640
Gaps in our knowledge of threatened shark and ray 
species in the Western Indian Ocean 

DAVE VAN BEUNINGEN, DR RHETT BENNETT 

Wildlife Conservation Society – Madagascar and 
Western Indian Ocean

Email: dvanbeuningen@wcs.org

Background

The Western Indian Ocean (WIO) represents a global 
hotspot of shark and ray biodiversity, with 130 shark and 
86 batoid species (rays, skates, sawfishes, guitarfishes and 
wedgefishes). However, the WIO is also characterized 
by extensive legal and illegal fisheries. Shark and ray life 
histories are not resilient to disturbances and, due to 
overexploitation, 25% of all shark and ray species found 
in the WIO are classified as either Critically Endangered, 
Endangered or Vulnerable on the International Union 
for the Conservation of Nature (IUCN) Red List of 
Threatened Species. Despite this, knowledge on the 
biology, ecology and threats of shark and ray species 
in the WIO remains limited, when compared to other 
regions. This assessment assimilated all available data on 
threatened shark and ray species in the WIO, to identify 
gaps in our current knowledge regarding their biology, 
ecology and current threats – information critical for 
enhancing their protection and sustainable management 
in the WIO. 

Methods

A database was compiled with all known threatened 
shark and ray species in the WIO, including information 
regarding their taxonomy, distribution, reproductive 
ecology, movement, connectivity, population genetic 
structure, habitat and threats. Data were sourced 
from the scientific literature, grey literature and online 
databases. 

Results

While many new species have been identified in the 
WIO in the past few decades, there remains taxonomic 
uncertainty among several threatened shark and ray 
families, such as Pristidae (sawfishes), Rhinobatidae 
(guitarfishes) and Rhinidae (wedgefishes), and uncertainty 
over the distributions of several threatened species, such 
as the pelagic thresher shark (Alopias pelagicus), shorttail 
nurse shark (Pseudoginglymostoma brevicaudatum) and 
smalltooth sawfish (Pristis pectinata). Male and female sizes 
at maturity are known for 85% and 69% of threatened 
sharks and rays in the WIO, respectively; however, mating 
season and locality are known for only 36% and 17% of 
species, respectively, and nursery localities for just 34%. 
Approximately 46% of threatened shark and ray species 
in the region are migratory or potentially migratory, 
while 14% are resident, yet the movement patterns of 
40% remain unknown. Population structure is known for 
49% of threatened shark and ray species, however much 
of the existing information refers to stocks outside the 
WIO. Fishing is the principal threat to sharks and rays in 
the WIO, and several families are targeted by industrial 
and artisanal fisheries. Mobulidae (manta and devil rays) 
are primarily targeted for their gill rakers, while Rhinidae 
and Sphyrnidae (hammerhead sharks) are primarily 
targeted for their fins, yet the scale of the threats to 
these and other threatened shark and ray species remain 
poorly known. 
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Conclusion

Effective conservation and management of populations 
of wild animals requires a comprehensive understanding 
of the biology, ecology and threats of species. Although 
these aspects are known for some of the threatened WIO 
shark and ray species, there remain major gaps in the 
information required for their effective management. This 
review of existing information on threatened shark and 
ray biology, ecology and threats in the WIO has identified 
several crucial knowledge gaps that should be addressed 
as a matter of urgency, including reproduction, age and 
growth, movement, population genetic structure and 
improved understanding of threats at all life stages. 

POSTER
Strategic Adaptive Management (SAM) for Marine 
Protected Areas; Implementation initiatives and 
lessons learned in Mnazi Bay Ruvuma Estuary 
Marine Park (MBREMP) 

DAVIS G.ORIO, AMOS SINGO AND MUSSA ALLY

Mnazi Bay Ruvuma Estuary Marine Park (MBREMP), P.O. 
Box 845, MTWARA 

Email: davis.orio@marineparks.go.tz

Mnazi Bay Ruvuma Estuary Marine Park (MBREMP) is one 
of Tanzania’s Marine Protected areas under Marine Parks 
and Reserves Unit (MPRU). The Park is situated at the 
southern tip of Tanzania bordering northern Mozambique 
along Ruvuma River. MBREMP is administratively located in 
Mtwara Rural District, covering 650km2 of which 230km2 
is terrestrial area and 420km2 is water mass including three 
small islets, Estuary and part of Ruvuma River. MBREMP 
was established as the second marine park in Tanzania 
in 2000 through government Act. No. 29 of 1994. Since 
then various conservational activities has been carried out 
with notable changes in terms of resources use trends 
and restoration of the coastal and marine ecosystems. The 
dynamics in resources use trends and status consequently 
has demanded up to date management approaches to 
take onboard emerging challenges like increasing in 
population, climate changes and over exploitation of the 
resources. To ensure management actions and decisions 
are at least taken in a right course regarding prevailing 
conditions in the resource use trends, MPRU has adopt 
SAM program to continually and regularly updates and 
informs management on decision making. In adaptive 
management taking on board minor and major changes 
in the resources use trends and status is helpful for parks 
resource sustainability and local communities’ livelihood 
security. In other way SAM has been a tool to back up 
park’s General management Plan, which is prepared and 
set for review after ten year in case of MBREMP SAM- 
the Strategic Adaptive Management program in Tanzania 
marine parks started in 2014 in Mafia Ireland Marine Parks 
(MIMP) and scaled up in MBREMP at 2016. Now more than 

90% of all MBREMP’s staff and more than 30 community 
members are aware and actively participates in SAM 
program activities. In collaboration with local communities, 
in past three years (2016-2018) MBREMP successful 
implemented coral reef benthic cover surveys, sea grass 
surveys, mangrove forest monitoring, beach cleaning 
practices and awareness initiatives The results have shown 
recent status of the park’s resources that has improved 
management practices and foster good relationships 
between MBREMP and her local community. On coral 
reef surveys, 12 permanent transects were established on 
four sites (three transect on each site) where the benthic 
cover were estimated on quarterly bases, the result 
shows MBREMP’s benthic coral cover is estimated to be 
45%, where some reefs like Inner-Membelwa reef cover 
exceeding 70% on average while parch reefs of Matenga 
have 26% coral cover. On other hand sea grass shoot 
density were estimated using a quadrant of 0.0625m2 
from four sites surveyed, and the average sea-grass shoots 
density in MBREMP was found to be 91.25 per 0.0625m2 
from four sites surveyed quarterly for consecutive three 
years during SAM implementations. In some areas pure 
stand of seagrass kelp were observed while in many areas 
average of two species per 0.0625m2 were observed. The 
common species including Syringodium spp, Halodule 
spp, Thalassia hemprichii, and Halophila ovalis. Species of 
Thalassodendron ciliutum observed relatively deep than 
other species. Syringodium spp is infact the most abundant 
species followed by Halodule and T. hemprichii in MBREMP. 
Trash collection was also conducted monthly under SAM 
program. Where various proportion of pieces of trashes 
were identified and measures accordingly. Trash composed 
of plastic bottles, rubber materials, plastic bags, nylon 
ropes, tins, pieces of nets metals and aluminum foils which 
all could have negative physical and biological effects to 
marine and coastal ecosystems. In proportional wise per 
100m2 Ruvula beach, plastic bags had larger proportion 
46% compared to other type of trashes found. Rubber 
materials contribute 29%, nylon ropes 9% and metal, tin, 
and alluminium materials all together contribute 9.5% 
while other trashes had 6% of all trashes Implementation 
of SAM has got useful impacts to marine protected areas 
on various dimensions. Generally has strengthens park- 
community relationships in particularly managing of the 
resources and sharing of useful information derived 
from the data. On the management side SAM program 
has largely contribute to updated information on the 
resources status for decision making as well as facilitating 
surveys for large number of marine and coastal ecosystem 
surveyed. The program has generally motivated staffs 
and local communities to work together to achieve 
conservation objectives while they learning through doing. 
The motives behind SAM program are the participatory 
aspects in development of the conservation objectives as 
well as its implementations. To conclude, SAM program 
has positively contributed to informed decision making in 
the park management procedures at field level adaptively 
and largely reinforced participatory spirits in the Park’s 
resource management 
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Study of the diversity and effect the vibrios on 
Holothuria scabra raised at the IOT in Toliara 
(Madagascar) 

DIANA NELLY ZAFINIRINA, RAKOTOVAO JEAN MARI

1Indian Ocean Trepang (IOT) Society, Avenue de France 
Mahavatsy II B.P 1057, Toliara - 601- Madagascar. 
2Institut Halieutique et des Sciences Marines (IH.SM), 
BP 141 - Route du Port, Avenue De France,Toliara 
-601- Madagascar. 

Marine aquaculture products often don’t meet quality 
requirements due to the appearance of diseases on 
animal’s organs. Different studies relate it to a bacterial 
origin. This study was conducted from November 2016 
to June 2017 in partnership with IH.SM and IOT. It aims 
to confirm whether Vibrionnacae can be considered to 
cause disease occurrences on the H. scabra in tegument. 
The research was conducted in two steps: the isolation of 
vibrio species which may contaminate H. scabra at different 
stages of its development (bacterial culture), then, effect 
study of each identified species on the survival and the 
health of H. scabra. The study revealed two unconfirmed 
bacterial colonies, three predominant Vibrio cholerae, 
V. alginolyticus, V. vulnificus SAC+ colony, one SAC- type 
colony V. parahaemolyticus. Some SAC+ germs have been 
detected in the hatchery.  As a consequence, they are 
particularly abundant on juveniles and adults phasic. It 
seems that the larvae of H. scabra are more susceptible 
(or vulnerable) to vibrio attacks. Moreover, the mortality 
rate during auricularia stage was 67,1% for an attack of 
V. cholera and 69,1% when attacked by V.parahaemiliticus. 
However, without nutrition, H. scabra juveniles and adults 
are resistant to the attacks of these bacteria except for 
V. parahaemolyticus, where 13,3% of H. scabra individuals 
showed disease symptoms. Finally, the presence of here 
mentioned germs threatens the sea cucumber growth 
performance. However, because of a series of treatment 
that are applied, consumer’s health is not affected. 

Keywords: Disease, Holothuria scabra, vibrio, variety, 
effect, IOT.
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Phylogenetic diversity of intertidal sponges along 
the KwaZulu Natal coast 
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Background 

Sponges fall under the phylum Porifera and are important 
both commercially and  ecologically. Commercially they 
produce a host of marine drugs and  commercially 
important products such as anti-biofouling agents. 
Ecologically they add habitat complexity and contribute 
to the nitrogen nutrient cycles.  Variability amongst 
sponge species exists to provide a level of resilience, 
the more diverse a species is the better adapt they 
are at surviving perturbations at a population level. 
The increasing effects of climate change has been 
known to  disrupt entire populations and drive many 
species to extinction. Sponges along the KwaZulu Natal 
(KZN) coast have mainly been identified using  macro- 
morphological characteristics according to the Two 
Oceans Guide book. This guide indicates that there are 6 
intertidal sponge species along our coast one  of which 
is Cliona celata a boring sponge which could pose a risk 
to our rocky  shores. Boring sponges can bore through 
calcium carbonate shells and rocks allowing them to set 
up home wherever they choose. Although morphological 
identification is useful there are a lot of discrepancies 
with identifying species  using only morphological 
characteristics. Cryptic species make identification by 
morphology extremely difficult and sponge pigmentation 
does not always indicate different species. Hence, this 
study aimed to determine the species diversity of 
intertidal sponges along the KZN coast by using the Two 
Oceans Guide book, photographing sponge colonies 
and further analyzing samples using spicule  morphology 
and genetic analysis. It is hypothesized that species 
distribution of  intertidal sponges will not differ along 
the coast nor within sample sites. 

Method 

Sponge samples were photographed and a 5cm3 sponge 
voucher was cut out of  the colony and placed in honey 
jars with 70% ethanol. Vouchers were subject to 3 70% 
ethanol washes to remove secondary metabolites and 
pigmentation. For  spicule analysis sponge tissue was 
dissolved in bleach and the remaining spicules were 
placed on stubs and sputter coated with gold three 
times for Scanning Electron Microscope (SEM) viewing 
and photographs. For the genetic analysis a 1cm3 
sponge tissue was processed and Deoxyribose Nucleic 
Acid (DNA) was extracted using an adapted Phenol-
Chloroform Isopropanol (PCI) extraction method. The 
DNA pellet was stored in Tris-EDTA (TE) buffer. DNA 
was amplified, gel electrophoresis was performed to 
ensure correct amplification. The samples were sent for 
sequencing and the resulting ABI  files were aligned and 
analyzed by statistical program R. 
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Results 

Spicule analysis revealed 2 different classes of sponges 
namely the Desmospongia and Calcareous sponges. 
Morphological identification revealed 11 different species, 
however genetic analysis in R determined that there were 
7 species when phylogenetic trees were constructed. 
Haplotypes and distance matrices confirmed  the 
findings in the phylogenetic trees, overall there were 19 
haplotypes identified indicating high diversity.  AMOVA 
results showed that when species were sorted according 
to site they revealed a significantly lower variance within 
populations as opposed to among populations. All species 
were combined and the p-value for the molecular variance 
was significant with a p-value of 0.0093 which does not 
exceed the significant 0.05 cut off value. 

Conclusion 

During majority of biodiversity surveys sponges are often 
overlooked as they are found in hard to reach places, like 
overhangs and crevices. The Two Oceans Guide book was 
successful in identifying 3 out of the 7-species identified 
genetically. However, the large majority of sponges 
identified were not found in the Two Oceans guide book. 
This conclusion opens up opportunities for a more 
thorough study to be undertaken to produce a detailed 
species guide book on 68 sponges. The hypothesis 
which stated species diversity would not be different 
between and  within sites was rejected with a p-value 
less than 0.05. More variability among sites and less 
variability within sites was indicated by lower variances 
within  populations. The different sites experience 
different biotic and abiotic factors, this results in a larger 
molecular variability between sites. Areas that have 
higher diversity would be much stronger populations in 
terms of resilience than areas that have a lower species 
diversity. These areas with higher diversity would be 
hotspot areas that would benefit from protected areas. 
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Long term monitoring data reveal a size decline in 
loggerhead turtles nesting in South Africa 
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Background 

Although sea turtle populations have exhibited signs 
of recovery since nesting beach protection efforts, 
long term monitoring (>30 years) allows identifying 
underlying trends otherwise non-detectable, which 

may be essential in evaluating the effectiveness of 
management strategies. Loggerhead (Caretta caretta) 
and leatherback (Dermochelys coriacea) turtles nesting 
in South Africa have been continuously monitored since 
1963, representing one of the longest running sea turtle 
beach monitoring program in the world (>55 years). 
These previously depleted population are believed to 
be recovering as illustrated by increased nest numbers 
and proportion of first time nesters (neophytes) in the 
nesting cohort. However, there might be evidence that 
the individual size of nesting females has decreased 
over time and based on the assumption that smaller 
turtles have smaller reproductive output and fitness, we 
question whether first time nester size is decreasing 
and if that could affect current and future reproductive 
output and ultimately population growth, despite an 
apparent increasing population. The present study 
thus aimed to assess temporal trends in female size of 
loggerhead turtles nesting in South Africa during the 35 
year period 1980-2015. 

Methods 

All nesting data were collected by the provincial 
conservation authority Ezemvelo KZN Wildlife in 
accordance with their legislated conservation mandate. 
Daily night patrols were conducted on foot and trained 
observers recorded the date, species, carapace size 
(straight carapace length: SCLmin: from anterior nuchal 
notch to posterior notch), straight carapace width (SCW: 
widest points) for loggerheads, and curved carapace 
length and width (CCL, CCW) for leatherbacks. A 35-
year time series (1980-2015) of nesting beach survey was 
used to assess trends in neophyte and remigrant turtle 
sizes over time for both species using linear models. 

Results 

Loggerhead neophyte mean SCL (±SD) varied from of 
873.5±42.01 to 846.3±32.34 mm (range 620-998 mm, 
n = 7518) from 1980 to 2015, indicating a 27.2 mm 
decrease in size. The linear model showed a significant 
1.35 mm decline in mean neophyte size which equates to 
47.2 mm over the 35 years period (-1.35 mm per year, p 
<0.0001). Mean CCL (±SD) varied from of 1615.0±87.05 
to 1599.5±126.14 mm (range 765-2075 mm, n = 2970) 
from 1969 to 2015 for leatherbacks and the linear model 
showed a non-significant stable trend in mean size over 
the 35 years period (p <1.00, R2 = -0.00034). 

Conclusion 

While loggerhead turtles in South Africa are a conservation 
success story and the population is growing, the study 
revealed that nesting females are decreasing in size by 
2.7cm over the past 35 year. Such a decline represents a 
significant change for a long-lived, slow-maturing species 
such as loggerhead turtles, especially considering growth 
rates declining with increased body size, and little or 
no growth following maturation. Thus, despite 54 years 
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of conservation efforts the decline in individual female 
size indicates that threats are occurring outside nesting 
grounds. This could suggest that South African turtles may 
be responding to an environment with limited resources 
by maturing sooner and diverting energy from growth 
and maintenance to reproduction. Although we could not 
determine the specific reasons for this decrease in size, 
we speculate that this decline may be driven by a decrease 
in ocean productivity due to climate change or by bycatch 
in fishery (removing larger size classes). Since body size 
is also directly correlated to reproductive output in sea 
turtles, smaller females may have lower reproductive 
potential which may affect hatchling fitness, survival 
and ultimately population growth. The study shows that 
protecting females on nesting grounds is not enough to 
guaranty population growth if survival is not ensured at 
subsequent life stages at sea (Crouse et al., 1987; Crowder 
et al., 1994; Chaloupka & Limpus, 2001; Bjorndal et al., 
2005; Margaritoulis, 2005; Mazaris et al., 2006).
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In the South West Indian Ocean there are significant 
coastal populations whose lives and economic security are 
vulnerable to the consequences of climate variability and 
change. The coastlines in this region are highly exposed 

to storm surges, and coastal ecosystems are sensitive 
to climate change. Access to improved information on 
sea level, wave and wind extremes can inform efforts to 
protect coastal communities and safeguard economic 
activity. The information can also help to improve 
industrial and commercial competitiveness in the 
maritime sector. A key objective of the UK Space Agency 
funded C-RISe project is to support the development 
of local capacity to access, process and apply satellite 
data to coastal risk management. TO meet this objective, 
two series of training workshops have been organised 
and held in Mozambique and Madagascar, in 2017 and 
2018. The first workshops “Wind, Wave and Sea Level 
Information from Satellites” were held in October and 
November 2017, at the Universidade Eduardo Mondlane, 
Campus Universitário Principal, Maputo, Mozambique, 
and at the Direction Générale de la Météorologie, 
Antananarivo, Madagascar. This first series of workshops 
aimed to provide an introduction to satellite data in 
oceanographic applications and examined the strengths 
and limitations of technologies used to measure wind, 
waves and sea level from satellites, as well as the main 
applications of this data. Participants gained hands-on 
experience in accessing and analyzing different types of 
satellite data. The second series of workshops, “Tools 
to Apply Satellite Data to Coastal Risk”, were held in 
October 2018, at the Universidade Eduardo Mondlane, 
Campus Universitário Principal, Maputo, Mozambique, at 
the Centre National de Recherches Océanographiques, 
Nosy Be, Madagascar and at the Direction Générale de 
la Météorologie, Antananarivo, Madagascar. This second 
series focussed on the application of C-RISe satellite data 
products, and satellite data more generally, to monitor 
and understand the changing nature of risk due to a 
changing marine climate. Applications include shipping 
safety, port developments, navigation and coastal erosion, 
coastal defence planning, fisheries, marine and coastal 
ecosystem management. Both sets of workshops were 
presented through a mix of taught material, exercises, 
demonstrations and one-to-one discussions on the 
application of satellite data within C-RISe Use Cases. This 
poster will summarise the workshop contents, discuss 
the lessons learned and provide links to the training 
material. C-RISe is funded by the UK Space Agency 
under the International Partnership Programme. The UK 
Space Agency’s International Partnership Programme 
(IPP) is a five-year, £152 million programme designed to 
partner UK space expertise with overseas governments 
and organisations. It is funded from the Department 
for Business, Energy and Industrial Strategy’s Global 
Challenges Research Fund (GCRF).
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It is well established that global sea level is increasing 
and that large-scale weather patterns are changing. 
However, across large parts of the world, there is a lack of 
observational data from in  situ instrumentation available on 
which to implement evidence-based approaches to coastal 
adaptation. In the South West Indian Ocean, Mozambique, 
Madagascar and Mauritius have large coastal populations 
whose lives and economic security are vulnerable to the 
consequences of climate variability and change. Access 
to improved regional information on coastal risk factors 
(sea level, wave and wind extremes) will improve plans 
to protect coastal communities and safeguard economic 

activity. This information also contributes to improving 
industrial and commercial competitiveness in the maritime 
sector, which is heavily dependent on access to accurate 
relevant oceanographic information In the past it has been 
difficult to retrieve satellite altimeter data close to the 
coast, due to land contamination of the return waveform. 
Using an innovative coastal processor, developed by 
researchers at the National Oceanography Centre in 
the UK, a new satellite altimeter sea level dataset for the 
South West African coastline has been generated. These 
data are now being validated against available tide gauge 
data and analysed for regional characteristics in sea-level 
variability, including long-term sea-level trends. These data, 
together with climatological ocean wind, wave and surface 
current data are being provided through C-RISe, a Coastal 
Risk Information Service, to partner organisations in 
Mozambique, Madagascar and Mauritius to inform decision 
making and reduce the impact of coastal inundation and 
increasingly variable weather patterns. The three main 
objectives of C-RISe project are: 

• Deliver a Coastal Risk Information service, 
providing satellite-derived information about 
coastal vulnerability to environmental threats such 
as sea-level rise and extreme wind and wave events. 

• Apply and evaluate the C-RISe service through a 
set of Use Cases, applying the CRISe products to 
end use applications meeting local priorities. 

• Build local capacity to use satellite data for strategy 
development, governance and management of coastal 
areas to increase resilience to coastal hazards. 

A key objective of C-RISe is to support the development 
of local capacity to access, process and apply satellite data. 
This is achieved through more than 30 Use Cases, led 
by partners in Mozambique and Madagascar, which are 
evaluating the C  RISe service in different application areas, 
including: maritime safety, coastal erosion, coastal defence 
planning, fisheries, and marine and coastal ecosystem 
management. The C-RISe data sets are available through 
an online Data Portal developed and implemented by 
CSIR specifically for the project. Local users are also being 
trained in the use of marine satellite data to quantify coastal 
hazards and incorporate this information into ongoing 
programmes. Two series of training workshops have 
been organised and held in Mozambique and Madagascar: 
“Wind, Wave and Sea Level Information from Satellites”, 
and “Tools to Apply Satellite Data to Coastal Risk”. This 
presentation will introduce the project, summarise key 
findings, and present high level results from the Use 
Cases, highlighting areas of most benefit and greatest 
future interest. C-RISe is funded by the UK Space Agency 
under the International Partnership Programme. The UK 
Space Agency’s International Partnership Programme 
(IPP) is a five-year, £152 million programme designed to 
partner UK space expertise with overseas governments 
and organisations. It is funded from the Department 
for Business, Energy and Industrial Strategy’s Global 
Challenges Research Fund (GCRF). 
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The aquaculture industry is developing significantly 
throughout the world, thus becoming a viable 
alternative to sustain the decline in capture fisheries. 
The Government of Mauritius contemplates on making 
coastal- and ocean- related activities major contributors 
in developing and expanding the Ocean Economy of 
the island, and has identified aquaculture as one of such 
activities in the foreseeable future. At present, owing to 
the growing population of Mauritius and increasing arrival 
of tourists, demand for seafood is expected to increase. 
Artisanal collection by hand-picking of adult bivalves from 
the coastal waters of Mauritius has been practiced since 
long back. Recently, the culture of edible bivalves such 
as oysters, clams and mussels in barachois is gradually 
gaining momentum in our local waters. However, not 
many are involved in the culture of bivalves and limited 
scientific information on the favourable site and growth 
conditions remains available on bivalve culture in 
Mauritius. It is thus imperative to understand the local 
conditions under which bivalves have optimum energy 
available to maximize their growth. This study therefore 
aimed at determining the growth and survivorship of the 
oyster Saccostrea cucullata, which is consumed locally, in 
order to support local entrepreneurs and to ensure a 
sustainable barachois-based oyster culture industry. The 
objectives were 1) to characterize a local barachois-
based oyster farm in terms of seawater physico-chemical 
properties and to investigate whether the survivorship 
of S. cucullata is influenced by those conditions; and 
2) to assess the distribution and density of micro-
phytoplankton, and chlorophyll a concentration in the 
barachois in order to determine the relationship between 

the growth of S. cucullata and food availability. This study 
was carried out at Le Petit Barachois, a local barachois 
located along the north-east coast of Mauritius at Poudre 
d’Or, at three stations (S1, S2 and S3) with depths less 
than 1.5m.  At present, along with S. cucullata, mussels 
(Modiolus sp.), clams (Gafrarium sp.) and mud crabs (Scylla 
serrata) are also being cultured in the barachois. S1 is 
located adjacent to the oyster culture area. S2 is situated 
near a water outlet where adjacent sea water enters 
and leaves during flood and low tides, respectively. This 
station was subject to more vigorous and constant water 
movement. S3 was found towards the end of the oyster 
culture zone where there is the presence of an outlet 
which allows water circulation within the barachois. 44, 
72 and 40 S. cucullata spats were placed at stations S1, 
S2 and S3, respectively, in June 2018 and monitored over 
four months (at an interval of approximately 4 weeks) 
from August to December 2018, in terms of S. cucullata 
growth rate (shell length, width and height), percentage 
survivorship, sea surface temperature (SST) and dissolved 
oxygen (DO) and nutrient levels (phosphate, nitrate and 
silicate). In December 2018, micro-phytoplankton density 
and chlorophyll a concentration were evaluated for 
each station using spectrophotometric methods. At the 
end of the four months, S. cucullata survivorship order 
among the three stations from highest to lowest was 
S2 (87.69%) >S1 (85.71%) >S3 (85.00%). SST recorded 
during the study period ranged from 25oC to 34oC. In 
November 2018, all stations experienced a peak in SST 
in the order of S3 (34oC) >S1 (32oC) >S2 (31oC). For S1 
and S3, highest DO (8.35 and 10.64 ppm, respectively) 
was recorded in September 2018 and lowest (4.49±0.04 
and 4.80±0.05 ppm, respectively) in November 2018. 
For S2, DO was highest (8.16±0.04 ppm) in August 
2018 and lowest (3.89±0.04 ppm) in November 2018. 
Consequently, mortality rates were in the order of S3 
(15.0%) >S1 (10.0%) >S2 (3.4%) from November to 
December 2018. Highest nitrate level was recorded at 
S2 (0.070±0.007 mgL-1), followed by S1 (0.055±0.006 
mgL-1) and S3 (0.040±0.006 mgL-1), highest phosphate at 
S1 (0.527±0.090 µmol/cm3), followed by S2 (0.453±0.058 
µmol/cm3) and S3 (0.435±0.039 µmol/cm3), and highest 
silicate at S3 (3.988±0.820 µmolL-1), followed by S2 
(3.045±0.536 µmolL-1) and S1 (2.945±0.108 µmolL-1). 
Micro-phytoplankton densities varied as 2.72±0.07 x 105 
cellsL-1 at S1, 1.25±0.12 x 105 cellsL-1 at S2 and 1.89±0.12 
x 105 cellsL-1 at S3. Chlorophyll a concentrations 
were positively correlated with micro-phytoplankton 
densities. After four months, the monthly growth rates 
for S. cucullata shell length, width and height were 
0.092, 0.030 and 0.063cmmo-1 at S1, and 0.057, 0.041 
and 0.103 atcmmo-1 S3. Growth rate calculations at S2 
resulted in negative values which may have arisen due 
to the mortality of larger samples over the study period, 
and thus were not considered. The results indicate that 
nutrient availability was not a limiting factor in controlling 
microphytoplankton densities. Not all stations in a 
barachois may provide the optimal conditions for oyster 
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survival. Micro-phytoplankton density of 1.25±0.12 x 105 
cellsL-1 is adequate enough to sustain oyster survivorship, 
while SST of more than 32oC may significantly and 
adversely impact survivorship. Temperature determines 
the solubility of oxygen in water. In November 2018, 
the lowest DO values were recorded at all stations 
when SST peaked. It has been reported that oyster 
heart rate increases with increasing temperatures and 
valvular activity becomes abnormal, affecting feeding and 
gas exchange. This may lead to oyster mortality. Thus, 
while demarcating potential barachois-based oyster 
culture sites, it is crucial to consider an area which has 
a good amount of flushing, which helps in maintaining an 
optimum SST for oyster survivorship. A combination of 
the aforesaid factors is required to attain a high level of 
survivorship. The outcome of this study may assist oyster 
culturists to opt for the most favourable barachois-
based culture conditions in order to optimize the yield. 
Moreover, the findings may support further demarcation 
of most suitable barachois-based oyster culture sites 
around Mauritius. 

Keywords: barachois, chlorophyll a, micro-
phytoplankton, oysters, Saccostrea cucullata
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With global capture fisheries remaining stagnant now, 
fish farming has a significant role to play in human 
food security if alternatives to fishmeal are successfully 
established at a lower trophic level, especially from 
outside the human food chain. As spirulina species are 
well known for their good amino acids and crude protein 
composition, we examined the effect of locally found 
spirulina species (Arthrospira fusiformis) as a potential 
fishmeal substitute in the growth performance, survival 
rates and biochemical composition of Rufiji tilapia 
(Oreochromis urolepis urolepis) fry at 0.5 g initial weight. 
The substitution levels included 0 (Control), 5, 15, 25, 
35 and 100% of fishmeal-spirulina replacement in feeds 
for O. urolepis urolepis fry cultured using full strength 
salt water (33±2 ppt) in 100 L basins for 2 months. A. 
fusiformis was isolated from Momela Lakes in Arusha 
National Park, Tanzania. Significantly (p<0.05) higher final 

weight, 8.48 g, average daily weight gain, 0.132 g, specific 
growth rate, 4.47, feed conversion ratio, 2.08 and protein 
efficiency ratio was exhibited by fish fed with 5% fishmeal 
substitution. There was no effect on survival rates and 
biochemical composition between fish fed on different 
experimental diets. It is suggested that the Momela 
lake spirulina could be a good growth promoting plant 
protein when used as protein supplement to Rufiji tilapia 
mariculture. 

Keywords: Rufiji tilapia, growth performance, spirulina, 
biochemical composition, mariculture.
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Scientists are known to be weak at communicating their 
findings beyond their peers. The causes are multiple: 
communication to a wide audience is not felt as a primary 
assignment, the messages are increasingly complex and 
cannot be reduced easily to simple statements, and 
scientists avoid absolute answers to pressing questions 
from society when they are not entirely confident that 
such answers are correct. In addition, the attention span 
of the public can be (perceived as being) too short by 
scientists. Yet, society has a right to call upon scientists. 
The scientific process is borne mostly by public 
funding and society, the latter of which so righteously 
expect justification and feedback on the utilisation and 
output of funds. Inversely, scientists, whether covering 
fundamental or applied fields, cannot shy away from 
communicating their findings to the public, for instance 
on environmental challenges to name but one. Tropical 
coastal conservation is complex, because it combines 
ecological borderlines and transition zones, with local 
and global processes (through ocean connectivity and 
the spatial scale of coastal problems) and intense human 
pressure. Coastal systems further confront private 
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interests and ‘commons’, as the property and interests of 
all, and hence also the responsibility of all. Often pressure 
and conflicts are strongest towards the narrow coastal 
fringe. In the framework of the VLIR-UOS funded project 
’Green Dyke’ in Sri Lanka (2008-2014), we developed a 
Coastal Resources Awareness Centre (CORAC), which 
essentially is a fixed and a mobile version of a targeted 
exhibition and associated communication activities to a 
wide and complex audience. In this centre we highlighted 
the ‘green dykes’ or natural land barriers being coastal 
and marine ecosystems (with a main focus on mangroves) 
protecting the coastline against sea-borne hazards and 
providing goods and services for the livelihood of the 
local population. Drawing on this experience, the authors 
present their approach in Sri Lanka and combine this 
with a reflection on the multiplicity of roles that can be 
taken on by scientists, from advocacy to honest broker-
ship. The experience in Sri Lanka can serve as a source 
of inspiration for coastal ecosystems’ public awareness 
campaigns elsewhere.

Keywords: Complexity of coastal conservation, 
communication for commitment to and comanagement 
of our ‘commons’: how to convey such conundrums? 
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Artisanal fisheries play a very important socio-economic 
role in the life of communities living along the coastal 
zone. The study aimed to evaluate the socio-economic 
impact of line fishing in Pemba and Metuge, northern 
Mozambique. For that, semi-structured interviews were 
carried out with a total of 101 line fishermen from 
February to May 2018 with the purpose of describing 
the profile of line fishermen, to understand their 
motivations for using this gears and the incomes that 
comes from the exploitation of fishing resources using 

the fishing line. Data were processed and analyzed in 
SPSS 17.0. In Pemba and Metuge, line fishing is practiced 
exclusively by men between the ages of 18 and 65. 
Fishermen have a numerous families and their level of 
education is low, with 87% of those interviewed with 
the primary level (1st - 7th grade). The low level of 
education of fishermen is related to the fact that the 
practice of this fishery does not require any training 
for its execution and frequently, its skills are a social 
heritage. The lack of employment was cited as the main 
factor that determines the practice of fishing and the 
preference of fishermen for the hand line fishing focuses 
on the accessibility of acquiring this gear considered 
cheap. The income from this activity is low, and is related 
to the quality of fish caught and the price at which it 
is marketed. In general, line fishing has a positive socio-
economic impact on the lives of fishermen in Pemba 
and Metuge as it provides employment opportunities 
for the fisherman to meets the basic daily needs, such 
as feeding and schooling of children, buying household 
appliances and maintaining fishing equipment. 

Keywords: Artisanal fishing, Hand line, Fishermen, 
Pemba and Metuge
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Background 

The performance assessment of ocean models used in 
ocean studies is a critical step needed to determine the 
strengths and weaknesses of the data it produces, which 
will then guide the application the data in a study. The 
method of assessment used varies widely but is primarily 
determined by the availability of in situ data, which can 
be in the form of time series or periodic snapshots in 
time and space. Presented is a performance assessment 
approach based on available observational time series, 
sea level and sea surface temperature data that was 
used to assess a model’s ability to reproduce certain key 
processes that strongly govern coastal dynamics. 
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Methods 

The Regional Ocean Modelling System (ROMS) was 
applied to resolve high resolution ocean processes 
along the eastern Agulhas bank on the south eastern 
coastline of South Africa as part of a study into bay 
scale ocean dynamics in St Francis Bay and Algoa Bay. An 
offline nesting approach was used to provide a simple 
and computationally inexpensive means of conducting 
numerous model runs with modified forcing in order 
to assess the coastal ocean response under specific 
conditions. Nested model domains of ¼° (SAnL0), 1/12° 
(SAnL1), and 1/32° (SAnL2) spatial resolution were forced 
at the surface with hourly wind forecast model data and 
run in an inter-annual configuration from 1st January 
2011 to 31st December 2015.  The output of SAnL2 was 
then used to provide lateral ocean boundary conditions 
for a 1/108° (SAnL3) model domain covering St Francis 
and Algoa Bay. For the assessment, the Agulhas Current 
in the SAnL1 and SAnL2 model runs was first evaluated 
against the observed boundary layer transport from the 
Agulhas Current Time Series Experiment. Using specific 
isolevels and examination of the standard deviation in 
sea surface height between the model and the AVISO 
DUACS gridded Absolute Dynamic Topography product 
then provided a simple method of quickly evaluating the 
overall Agulhas current in the model domain. Finally, sea 
surface temperature isotherms were compared between 
the model and the MODIS SST4 monthly averaged sea 
surface temperature products, providing a simple and 
straight forward method of assessing seasonal ocean-
atmospheric heat exchange as well as wind and current 
driven surface circulation patterns. 

Results 

The mean transport was in good agreement between 
SAnL2 and observations, although SAnL1 was lower 
than observations. Variability was considerably lower in 
both runs compared to observations. A power spectral 
analysis shows that this difference in variability is mostly 
occurring at periods longer than 10 days. Daily averaged 
seasonal transport cycles of both SAnL1 and SAnL2 
are comparable to observations, although sub-seasonal 
variance is higher than normal. Along the western edge 
of the Agulhas current the 0.8m isolevels matched quite 
closely between SAnL1 and AVISO until approx. 36o  
south, where the AVISO isolevel deviated to the east 
of SAnL1 at the south western extent. The southern 
extents of the 0.8m isolevel was similiar for both 
SAnL1 and AVISO although the mean 0.8m isolevel area 
coverage in SAnL1 was slightly more than AVISO. The 
mean position of the retroflection and ring shedding 
region was identified using a standard deviation in sea 
level of more than 0.2m, which was larger and further 
west in SAnL1 than AVISO, indicating a later than normal 
retroflection with more Atlantic leakage than would be 
expected. Over the entire domain SAnL1 exhibited a 
mean warm bias when compared to MODIS, with a 

peak difference occurring in May. The 23oC isotherm 
was generally positioned further south in SAnL1 than 
MODIS, with a greater distance in austral winter than 
summer. SAnL2 also exhibited a mean warm bias, with a 
peak difference occurring in February. The area of water 
between the south eastern coast and the 20oC, 18oC 
and 16oC isotherms was used to compare the seasonal 
cycling of cooler coastal waters over the shelf between 
the SAnL2 model and observation. For all temperatures 
below 20oC the mean coverage in MODIS was larger 
than SAnL2, with the largest difference between the 
16oC isotherms. 

Conclusion 

The Agulhas boundary layer transport assessment 
yielded lower variability than observed. In general, 
this lower variance was not unexpected as mesoscale 
eddies will lose energy when traversing a one-
way nested model boundary between the SAnL0 
and SAnL1 model domains. This was an acceptable 
compromise as there was still good agreement 
between mean transport values and that the modelled 
current was still providing adequate interaction 
with coastal processes that would be expected in 
the study region. The isolevel assessment confirmed 
that the Agulhas current was following its expected 
course up to the retroflection region and that there 
were no early retroflections for the model period. As 
early retroflections would have significantly altered 
circulation over the shelf, this was a desirable outcome. 
The fact that the retroflection was further west than 
observations, as well as the increased leakage into the 
Atlantic, would have negligible influence on the shelf 
and coastal circulation patterns of the study area. The 
general warm bias found in the isotherm assessment 
was not unusual for ocean models in this region. The 
bias was acceptable for the purposes on the model, 
since the timing of the seasonal cycles agreed well 
with observations. 
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Monthly shore-based assessment of artisanal catches 
were conducted in 2017 in Ngomeni within Ungwana Bay, 
and in Kipini and Ozi within the lower Tana Delta, Kenya. 
Commercially important fin fish species were also used 
to assess the ecological vulnerability to climate variability 
for the respective communities within these fishing 
zones. Artisanal catches were characterized in terms 
of species composition and fishing effort in relation to 
the corresponding marine (Ngomeni), estuarine (Kipini) 
and riverine (Ozi) fishing zones. Exposure, sensitivity, 
and adaptation as indicators were determined through 
a critical review of existing literature, socioeconomic 
survey, and use of long term temperature and rainfall 
data from 1983 to 2015. Distinct catch composition (R = 
0.270, P = 0.001) was observed across the three zones, 
and these significantly differed between seasons (R = 
0.332, P = 0.001). These differences were attributed to 
more abundant Chirocentrus dorab in Ngomeni and more 
abundant Arius africanus and Clarias gariepinus in Kipini 
and Ozi, respectively. Gillnet-dhow and gillnet-fibreglass 
boat combinations in Ngomeni, and basket trap-canoe in 
Ozi landed significantly larger Scomberomorus commerson 
and Arius africanus (each p = 0.0001), respectively. Higher 
species diversity was observed in the marine-dominated 
Ngomeni for dhows than in the estuarine dominated 
Kipini for the same craft type. The lowest species 
diversity was associated with the riverine-dominated 
Ozi for canoes. Significant differences in catch rates 
were observed in the 3 fishing zones and between the 
seasons (p = 0.001; p = 0.021), respectively. Fishing zones 
location and craft types attributed to this distinctness 
in catches. By using composite index, Ngomeni and Ozi 
fishing communities indicated high levels of vulnerability 
of 0.9 and 0.8, respectively. Due to high vulnerability 
level and poor adaptation capacity by the local fishing 
communities in these fishing zones, the artisanal fisheries 
may face a threat of unsustainability. 

Keywords: Artisanal fisheries, Climate change, 
Ecological vulnerability, Catch characterization, 
Ungwana Bay, Lower Tana Delta, Kenya
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Herbivorous fishes perform important functions on coral 
reefs, and their feeding actions shape the capacity of reefs 
to both resist, and recover, from disturbance. Relatively 
little is known, however, about which ecological features 
of reefs influence the distribution of these important 
fishes, or how their biomass is altered by human actions. 
We examined whether, and how, the benthic habitat 
characteristics of reefs (e.g. reef type, complexity, coral 
cover) and marine reserves combine to influence the 
biomass of herbivorous fishes. We focused on different 
functional groups of herbivorous fishes, with a species 
level analysis of rabbitfishes, as this family comprises the 
bulk of the local artisanal fisheries on Seychelles reefs. 
The biomass of herbivorous fishes was shaped by the 
habitat characteristics of individual reefs, but not by the 
presence of marine reserves. Herbivore biomass was 
greatest in areas with high live coral cover, and also 
positively correlated with the cover of coral rubble 
and dead coral. Fish functional groups were, however, 
located in distinct habitats on local reefs: browsers were 
positively correlated with reef complexity, the cover of 
live coral and macroalgae; detritivores were positively 
correlated with dead coral cover; and scrapers were 
positively correlated with coral rubble. The biomass of 
locally exploited rabbitfishes was also influenced by the 
features of reef habitats, but not the conservation status 
of individual reefs. Siganus sutor and S. argenteus were 
strongly associated within areas of dense macroalgae, 
whereas S. corallinus was associated with areas where 
the cover of live coral was high and epilithic algal matrix 
cover was low. Our results show that existing marine 
reserves in the Seychelles do not appear to support 
increased fish biomass compared to nonprotected areas 
and that other factors, such as benthic conditions of 
reefs seem to be driving the distribution of fish biomass. 
This suggests that this might lead to spatial separation 
in the distribution of different forms of herbivory, and 
possibly reef resilience, in the Seychelles.
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Broadbill Swordfish (Xiphias gladius) is one the pelagic species 
found in the tropical oceans, including the Kenya waters. 
The species is targeted by longline fishers, both offshore 
and inshore waters. There is paucity of information and data 
on the Swordfish fishery in Kenya coastal waters. The study 
was conducted in five sites along the Kenya coast in Lamu, 
Kilifi, Mombasa, Malindi and Watamu between August 2015 
and December 2016. Data was collected on a monthly 
basis from the catches landed by artisanal fishers employing 
different methods of fishing. A total of 319 individuals were 
sampled. The objective of this study was to investigate 
the spatial and temporal distribution, length frequency 
distribution, growth parameters, catch rates, mortality rates, 
biomass and fishing gear selectivity for the Xiphias gladius. 
The Lower Jaw Fork Length (LJFL) to the nearest centimetre 
(cm) and weight (W) to the nearest Kilogramme (Kg) was 
used to plot length/weight relationship curves to estimate a 
and b. The Length-Frequency data and gear selectivity were 
analyzed using FISAT (ELEFAN) and vonBertalanffy. Virtual 
Population Analysis (VPA) using FISAT II was performed to 
show survivors and the losses due to natural and fishing 
mortalities, steady state biomass, yield and Maximum 
Sustainable Yield (MSY). Catch per Unit Effort (CPUE) was 
computed by dividing mean weight of fish caught (Kg) with 
the mean number of fishing crew for every fishing trip. 
There is evidence of temporal and spatial variation of fish 
catch rates in the Kenya coastal waters. A total of 8785Kg of 
Swordfish was landed during this sampling period with Old 
Town (Mombasa) accounting for 94.6% of the catch. High 
catches were recorded from May to December. October 
2015 recorded the highest catch of 1621 Kg. The weight 
ranged from 4kg to 101 Kg with an average of 27.53 Kg. 
Combined fishing gears show that Swordfish ranged from 
79cm to 245cm JFFL with most individuals in the length 
class of 66cm. The growth parameters were; Asymptotic 
Length, L∞ = 208cm; Growth coefficient, K = 0.28/ year; 
the theoretical age at length zero, t0 = 0.18; and growth 
performance index, ϕ = 4.08. Mortality rates were; Total 
mortality, Z = 1.13/ Year; Natural mortality, M = 0.44/ Year; 
Fishing mortality, F = 0.69/Year; Exploitation rate, E = 0.61/ 
Year. The selectivity of all fishing gears combined; Lc 25 = 
89.9cm LJFL, Lc 50 = 98.3cm LJFL, Lc 75 = 106.7cm LJFL. 

Mortality rates and fishing gear selectivity for longline; Z 
= 1.29/ Year, M = 0.44/ Year, F = 0.85/Year, E = 0.66/ Year. 
The selectivity of all fishing gears combined; Lc 25 = 91.4cm 
LJFL, Lc 50 = 99.6cm LJFL, Lc 75 = 107.9cm LJFL. This 
suggests that longline is highly selective of larger individuals 
as opposed to other fishing gears. Virtual Population 
Analysis (VPA) shows that mortality due to fishing pressure 
is experienced between 75cm – 135cm midlength. Steady 
state biomass = 63.38 tonnes/year; Yield = 7.16 tonnes/Year 
and Maximum Sustainable Yield (MSY) = 15.3 tonnes/Year. 
The yield is lower than the biomass and MSY indicating that 
the stocks are healthy, hence under exploited. Potentially 
this artisanal longline swordfish fishery 1 can be developed 
and sustainably managed to improve the socio-economic 
wellbeing of the local fishing communities. 

Keywords: Kenya, Coastal waters, Swordfish (Xiphias 
gladius), length, weight, distribution, mortality, growth, 
sustainable, management 
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Background 

The small and medium pelagic fishery in Kenya is multi-
species, multi-gear and multi-fleet. Fishing gear used include: 
cast nets, gill nets, beach and reef seines, hook and line 
vertical line, long line and trolling line, and more recently 
the use of ring nets. The use of ring nets and reef seines has 
become common along the Kenya coast. Scientific data for 
these fishing gears is still inadequate despite already having 
the draft final Ring Net Fishery Management Plan, and the 
small and medium pelagic management strategy in place. 
The aim of this study was to establish a baseline survey 
for the ring net fishery to support the fishery management 
plan and to be in line with Ecosystem Approach to Fisheries 
(EAF) recommended by the FAO. 
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Methods 

The study was conducted along the Kenyan coast 
where ring net and reef seine fishing operate to 
contribute scientific information needed to support 
development of management plans for ringnet gear and 
small and medium pelagic fishery. A series of shore-
based catch assessment surveys were conducted for 
Vanga, Gazi, Takaungu, Kilifi and Uyombo areas along 
the Kenyan coast where ring net and reef seine fishing 
operate. Growth parameters, mortality estimates, 
selection analysis, yield models and species-gear-site 
combinations were determined using standardized 
methods. Species identification was done using van der 
Est, 1981; Smith and Heemstra, 1986; Lieske and Myers, 
1994. The individual fish total length was measured to 
the nearestcm using a fish measuring board. 

Results 

Results indicated relatively low catch-per-unit-effort 
(CPUE, Ring net: 296.5±38.3; Reef seine: 55.1±7.7 kg 
vessel-1 day-1) and this differed (p <0.05) among the 
fishing areas. Catch composition was different between 
the vessel-gear combinations. Overall species richness 
was higher for the reef seines compared to the ring nets. 
Majority of the species landed were demersal and reef 
associated species, and mostly under-sized individuals. In 
view of the narrow range of natural mortality coefficient, 
EMSY, E0.1 and Eopt, recorded herein, it could be 
indicative that size and growth rate do not influence 
natural death in the small and medium pelagics. 

Conclusion 

Current findings should be treated as indicative with 
more data likely to make a betterinformed status of the 
ring net small and medium pelagic fisheries resources. 
Thus, long-term data surveys are needed to update the 
recorded findings for further application in management 
plans. 

Keywords: Ring net; Catch-Per-Unit-Effort; Catch 
composition; growth; mortality; Kenya. 
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Background 

Chlorophyll-a (Chl-a), an index of phytoplankton 
biomass, is an important ecosystem indicator in the 
marine realm and forms the basis of the marine food 
chain. The spatiotemporal variability of phytoplankton 
biomass is influenced by trade winds of North East 
monsoon (November to March), and the South East 
monsoon (April to October). Water mixing and 
fresh water discharge from rivers also contributes to 
seasonal variability of Chl-a concentrations. Although 
few studies have discussed the seasonal pattern of 
Chl-a variation at specific sites of interest along the 
coast of Tanzania, no study has explored the pattern of 
Chla variation along the entire coast of Tanzania. In this 
study we are using a coastal stretch extending from 
-4.5oS to-10.4oS and encompassing the Tanzania coastal 
waters located west of 41.0o E to explore the seasonal 
and spatial pattern of the distribution of Chl-a along the 
Tanzania coastal waters. 

Methods 

In order to explore the north-south variation of the 
Chl-a distribution along the coast of Tanzania (which 
is approximately 800km), the coastal area was divided 
into three Provinces (North, Central and South). The 
data used for this study consisted of nearly 20 years 
of Chl-a datasets, acquired from the European Space 
Agency’s Ocean Colour Climate Change Initiative (ESA 
OC-CCI). The OC-CCI product consists of merged 
and bias-corrected Chl-a data from the Sea-Viewing 
Wide Field-of-View Sensor (SeaWiFS), Moderate 
Resolution Imaging Spectroradiometer (MODIS), 
Medium Resolution Imaging Spectrometer (MERIS) 
and Visible Infrared Imaging Radiometer Suite (VIIRS) 
satellite sensors. Level 3, monthly, mapped Chl-a data 
were acquired at a spatial resolution of 1km, processed, 
analyzed and graphical plots on Chl-a climatology and 
other relevant information were produced using Matlab 
and excel for final synthesis of the data. 

Results 

Analyses of the 20 years dataset revealed that, the 
highest Chl-a concentration (0.46mg/m3) occurred 
in August during the Southeast monsoon when the 
condition is characterized by heavy rainfall, strong wind 
energy, low temperatures and high clouds. However 
the lowest levels of Chl-a (0.32mg/m3) occurred in 
November during the Northeast monsoon when the 
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condition is characterized by relatively low wind speeds 
which give rise to stratification of the coastal waters 
and tends to prevent the mixing of the water column. 
The results further revealed that relatively higher 
levels of Chl-a were observed during the southeast 
monsoon season, especially from July to September, 
than during the northeast monsoon season, especially 
from December to February. Furthermore, the results 
showed that highest concentration of Chl-a (0.43g/
m3) were found in the central province of Tanzania, 
compared to the northern and southern provinces 
which had Chl-a values amounting to 0.34 g/m3 and 
0.22g/m3 respectively. 

Conclusion 

The results of this study suggest that the chlorophyll-a 
concentration in Tanzania coastal waters varies 
seasonally and between the three provinces. The highest 
Chl-a concentrations occurred in Southeast monsoon 
especially in August and the lowest in Northeast 
monsoon especially in November. Also the central 
province had the highest Chl-a concentrations followed 
by Northern Province, while lowest values of Chl-a 
were found in the Southern province. This information 
could support the efforts of ecosystem management, 
and inform fisheries stakeholders as well as regional 
managers on the water quality of coastal Tanzania and 
its Open Ocean. 

Keywords: Chlorophyll-a Concentrations, 
Phytoplankton Biomass, SE and NE Monsoon, Northern, 
Central and Southern Provinces.
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Background 

Lack of continuous physical, biological and chemical 
data is the major challenge that hinders understanding 
of the spatial and temporal variability of plankton in the 
Western Indian Ocean region. To address this challenge 
the Second International Indian Ocean Expedition (IIOE 
2) was initiated. One of the projects under IIOE2 was 
the SA Agulhas II research and training cruises specifically 
designed to address country gaps within the Indian 
Ocean African Rim. 

Methods

Data were collected during the October 2017 cruise 
(Mozambique and Tanzania) and July 2018 cruise (Tanzania 
and Comoros). Downcast measurements of the CTD 
was used to obtain profiles of temperature, oxygen, light 
and fluorescence along the sampling transects. Profiles 
were aligned to standard depths with intervals of 0.5 
meters from the surface to the maximum depth of each 
profile. Profiles were stitched along transect to create 
hydrographic section. 250ml of water from the CTD along 
the profile was analyzed onboard, using the fluorometric 
method, to determine chlorophyll-a concentrations. 

Results 

Preliminary results from Tanzania shows that 
chlorophyll-a concentrations were highest (maximum 
fluorescence) in the depth ranging between 60 - 70m with 
relatively highest concentrations found in the southern 
Tanzania, coinciding with river Ruvuma discharge (the 
Largest coastal River in Southern Tanzania), a dominant 
factor that may increase nutrients and support the 
higher Chlorophyll-a concentrations. In Mozambique 
the data analysis shows that the surface chlorophyll a 
was generally very low, with values ranging from 0.04 
mg.m-3 in the offshore regions to 1.80 mg.m-3 in the near-
shore region, just south of the Zambezi River mouth. 
The higher values of chlorophyll a were also observed 
off Beira and south of Angoche. The high concentrations 
of chlorophyll-a observed off Beira and south of Angoche 
are mainly derived from the high nutrient loads injected 
by the various rivers running to the Bank. Conversely, 
chlorophyll a concentration in the coast water of 
Comoros revealed maximum fluorescence ranged from 
the surface to maximum depths of ~80m. The benthic 
topography of the Comoros Islands may be a large 
influence on the chlorophyll production and will need 
to be explored. Other factors that may contribute to 
observed variability in chlorophyll a, for both regions, 
include temperature-induced stratification of water 
masses, oxygen-limitations, and light intensity and 
nutrient availability. 
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Conclusion

The study suggest that the variation of chlorophyll-a 
concentration is influenced by physicochemical 
parameters and possibly due to nutrient loading 
from freshwater discharge into the coastal waters. 
Understanding of in-situ distribution and variation 
of chlorophyll-a concentration allows the ground-
truthing of remotely sensed data that is used as a proxy 
for primary production and therefore is very useful 
information to fisheries managers and monitoring water 
quality control. 

Keywords: Chlorophyll-a concentration; CTD; 
Comoros; Tanzania; Mozambique
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Harmful algal blooms (HAB) leads to a negative impact of 
the environment that imply massive mortality of fish and 
marine mammals, men as well as a great economic loss 
due to reduced tourism and fishing . The study consists of 
a retrospective view of the ICAM incident that occurred 
in northeastern Antsiranana in December 2017 using in-
situ coupled satellite data retrieved during this period. 
The variables studied are the chlorophyll concentration 
obtained from the MODIS Aqua products for the monthly 
climatological analyzes from 2017 to 2018 and the 
daily variability of the parameters of the ICAM event in 
Antsiranana for a shorter period. The goal is to detect the 
areas and periods that are presumed to be favorable for 
the emergence of HAB. The results showed that ICAM 
occurred at 35 days after plankton bloom conditions 
were met. This makes it possible to consider setting up 
routine surveillance and establishing an early warning 
system. Nevertheless, several studies including improved 
spatial resolution of chlorophyll-a concentration as well 
as various studies on physical and biological interactions 
need to be taken into account in order to fully meet the 
goal of monitoring blooms from space. 

Keywords: HAB; ICAM; Chlorophyll-a concentration; 
MODIS Aqua
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Background

Ecosystem functioning on coral reefs is dependent 
on several ecological functions that in many cases are 
performed by different groups of fish. Using a functional 
group approach when studying biodiversity and reef 
functioning is therefore useful to understand potential 
effects of overfishing and climate change and to direct 
management actions.  Many species of fish utilize separate 
habitats as juvenile and adults, of which mangroves and 
seagrasses are well recognized nursery habitats. These 
species are called nursery species and connect different 
habitats in the seascape through ontogenetic migrations. 
Little is known how presence and arrangement of fish 
nursery habitats influence adult reef fish communities 
on reefs in the Western Indian Ocean (WIO), and 
consequently ecological functions. Depending on what 
functional groups that are represented in the juvenile reef 
fish assemblage in seagrass meadows and mangroves, fish 
functional richness on reefs may change along distance 
gradients from nursery habitats due to varying export of 
recruits. Reefs where functional richness is low may be 
more vulnerable to stresses, indicating low resilience to 
disturbances. To effectively manage the coastal seascape, 
it is hence important to incorporate information on 
functional groups. The aim of this study was therefore 
to 1) characterize the juvenile reef fish assemblages 
in seagrass meadows and in mangroves with regards 
to functional traits and 2) investigate how functional 
richness, evenness, divergence and vulnerability of 
the adult fish community changes in relation to the 
arrangement of nursery habitats in the seascape, with 
implications for resilience and management. 

Methods

A database of fish functional traits was combined with fish 
abundance and biomass data in seagrasses, mangroves, 
and on reefs within the seascape of Bazaruto Archipelago, 
Mozambique. Functional traits included nursery habitat 
use, trophic group, maximum size, schooling behavior, 
depth distribution and position in the water column. To 
investigate effects of nursery habitat arrangement on reefs 
with a functional groups approach, functional richness, 
functional evenness, functional divergence and functional 
vulnerability was calculated for the fish assemblages on 
reefs scattered in the seascape at different distances 
from nursery habitats. Generalized linear models were 
used to examine how these functional characteristics 
changed in relation to nursery habitat arrangement in 
the seascape, together with habitat characteristics such 
as depth and coral cover. 
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Results

Seagrass meadows contained a functionally more diverse 
juvenile reef fish assemblage compared to mangroves; 
including herbivores, invertivores, omnivores and 
piscivores. Mangroves lacked herbivores, and contained 
a large proportion invertivorous species. As expected, 
the reefs encompassed a diverse set of functional 
groups. Nursery habitat use had a strong effect on the 
reef fish community. Reefs far from seagrass meadows 
and mangroves supported lower abundances of nursery 
species, which in some cases displayed different functional 
traits compared to the non-nursery species. For example, 
nursery species of parrotfish (Labridae: Scarini) were 
mainly represented by scrapers, while reefs situated 
further away had a higher proportion of non-nursery 
excavating species. Apart from seascape variables, depth 
had a strong effect on functional richness but mainly for 
non-nursery species. 

Conclusions

Nursery habitats can increase functional diversity on 
reefs, but does not always increase functional vulnerability. 
This was due to that functional traits of nursery species 
did not overlap with those of non-nursery species in 
all cases. For the design of marine protected areas, it 
may be useful to define which ecological functions that 
are most critical for reef ecosystem health and choose 
geographical placement of reserves based on which 
functional traits within the fish assemblages that would 
provide critical/key ecological services.
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Background 

Coral reefs are rapidly disappearing globally and a 
greater understanding about the factors impacting them 
negatively is urgent. Invasive seaweeds have shown to alter 
coral reef habitats by causing phase shifts from a coral 
to a macroalgal dominated state with severe negative 
ecological effects and dramatic coral reduction. Herbivory 
has been documented to buffer these changes, but top 
down control of non-native seaweeds is less common 
as many herbivores prefer native species. In Tanzania, 
South-east Asian fast-growing strains of the macroalgae 
Eucheuma denticulatum have been introduced through 
seaweed farming practices. As this species also occurs 
naturally in the Western Indian Ocean (WIO), an ongoing 
introduction as well as potential negative ecological 
consequences are difficult to detect. However, recent 
studies using molecular methods have shown that South-
east Asian E. denticulatum dominate wild eucheumoid 
populations around Zanzibar (Unguja) Island, potentially 
altering the herbivore top down control of macroalgal 
densities. Further, Southeast Asian E. denticulatum are 
documented to overgrow and outcompete reef-building 
corals in other geographical locations. If this is also 
the case in the WIO area is unknown. In this study we 
investigated interactions between E. denticulatum and reef 
building corals on Ungjua Island, Zanzibar, in the presence 
and absence of herbivores. Further, we investigated if E. 
denticulatum prefer to grow on live or dead Acropora sp. 
to evaluate if it is the structural complexity itself rather 
than coral tissue that provides a suitable habitat. This was 
done by studying growth rates and holdfast development 
in introduced and native E. denticulatum on i) live and 
dead branches of Acropora sp. and ii) in the presence and 
absence of herbivores. Additionally, we estimated coral 
and macroalgal health between treatments. 

Methods 

The study was performed during 28 days in Jambiani, 
southern Zanzibar (Unguja), Tanzania, (S6° 18.701’ E39° 
33.547’) between October and November 2018. To 
investigate the effects of macroalgae (E. denticulatum) 
overgrowth on coral and growth substrate preference 
(live or dead coral) of E. denticulatum, fronds of 
macroalgae were tied to 20 living and 20 dead colonies 
of Acropora spp. Further, the potential effect of herbivory 
by fishes and urchins was tested by covering 20 of the 
samples with herbivore exclusion cages. Coral health 
was estimated at the start of the experiment and 
thereafter once a week until experiment termination. 
Visual inspections and Pulse-Amplitude-Modulation 
(PAM) fluorometry were used to detect stress on each 
coral sample (e.g. bleaching, discoloration of tissue). At 
the termination of the experiment, all coral colonies 
were measured (height), photographed and visible 
bleaching effects or scars were noted. Coral health status 
was estimated according to a 5 degree scale where 1 
= no visual effects of discoloration, bleaching or scars 
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and 5 = completely bleached with necrotic tissue. The 
macroalgae were carefully removed and the location of 
attachment (on living coral, coral peg or dead coral) and 
status of attachment (not attached/attached) was noted. 
Samples were weighed and photographed and health 
status was estimated according to the same 5 degree 
scale used for the coral samples. Molecular analysis 
using mitochondrial cox2-3 spacer was used to separate 
introduced (South-east Asian origin) from indigenous 
individuals (East African origin). To estimate herbivore 
pressure a standardized point count census method for 
fish was conducted were fish abundances were visually 
investigated. Fish surveys (N=20) were conducted in the 
vicinity of the experimental site (within a radius of ~200 
m). All fish were identified to the lowest taxonomical 
level possible and feeding guild was assigned to each 
species using FishBase. 

Results 

No significant effects on coral health by South-east 
Asian or East African E. denticulatum were found when 
measured by PAM (ANOVA; f-value = 0.229, df = 2, p 
>0.05) or visually estimated (ANOVA; f-value = 1.81, df 
= 2, p >0.05). Further, when investigating if E. denticulatum 
prefer to grow on live or dead Acropora sp, no effects 
on macroalgae biomass was found. However, the stress 
response was significantly higher in algae exposed to 
live than dead coral (Kruskal-Wallis rank sum test, chi-
square = 16,425, df = 1, p <0.001). No algae were able 
to attach to live coral but did attach to dead coral and 
coral mounting pegs. Herbivory was the only factor 
that significantly impacted biomass of E. denticulatum; 
biomass loss was significantly higher in open treatments 
compared to closed ones (ANOVA; f-value = 61.93, df 
= 1, p <0.0001). Inventory studies on fish assemblages 
showed that macroalgal feeding species (such as Siganus 
spp. and Naso brevirostris) were present. 

Conclusion

Algae did not attach to llive coral and coral health was 
not impacted by the presence of E. denticulatum, nor by 
algal origin (introduced vs indigenous). The biomass of 
E. denticulatum did not differ depending on substrate 
(live or dead corals) but algae health was negatively 
impacted by interactions with live coral. The biomass 
of E. denticulatum was influenced by herbivory; fronds 
exposed to herbivores had a lower biomass than caged 
fronds. The present study shows that E. denticulatum does 
not pose a strong threat to live corals. However, shading 
effects and potential competition for space by coral 
recruits in areas with dense populations of E. denticulatum 
needs further investigation. As herbivory is shown to be 
an important factor in reducing macroalgal biomass, it 
is important to maintain large and viable populations of 
macroalgal feeding fish. 
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Background 

To offset the continuous degradation of tropical reefs, 
coral reef restoration initiatives are rapidly gaining 
support worldwide. Coral reef restoration, through coral 
mariculture in nurseries and restocking of degraded reefs 
with nursery-grown corals, aims to improve the state of 
reefs to create higher resilience against disturbances. 
However, one of the limiting aspects of coral mariculture 
is the fight against fouling that hampers the performance 
of coral fragments through shading, polyp retraction and 
smothering. It has been suggested, but not experimentally 
investigated, to perform coral mariculture near natural 
reefs to allow roving herbivorous fish to visit the 
structures and consume fouling organisms. In contrast, 
other studies advise to isolate coral nurseries from 
the natural reef in order to eliminate the negative 
impacts of corallivory (i.e. predation on coral) by fish 
and invertebrates, but also quantification of the impact 
of corallivores is lacking. Hence, quantitative studies 
on the effects of herbivory and corallivory on coral 
in mariculture are needed. This study aims to address 
this knowledge gap by answering the following research 
question: What is the net impact of the local, reef-bound 
fish community at Wasini Island on the performance of 
corals in mariculture? It was expected that the benefit 
of grazing of fouling by herbivorous fish outweighs the 
cost of coral consumption by corallivorous fish in coral 
mariculture. 

Methods 

The net impact of the fish community on coral mariculture 
was determined by experimental exclusion of fish from 
mid-water coral nursery structures located at a patch reef 
at Wasini Island, Kenya (4°39’34”S, 39°22’56”E). The fish-
exclusion study was conducted from April to July 2016 
(100 d). Three treatments were designed: a caged, uncaged 
and cage-control coral nursery. The nursery design 
consisted of a PVC cross holding ten coral fragments 
(Acropora verweyi), held afloat by a 1.5-l PET bottle and 
kept in place by a 10-kg sinker. The caged treatment had a 
0.5 x 0.5 x 0.25m3 cage made of galvanised monkey wire 
(1.3 x 1.3cm2 mesh size) attached around the nursery, 
preventing access for fish. The uncaged treatment lacked 
such a cage and thus provided unrestricted access to all 
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fish. The cage-control resembled the caged treatment, but 
had two sides of the cage removed, so that fish would 
have access to the nursery. Per treatment, fifteen replicate 
nursery units were deployed and placed near (i.e. within 
1 m) of a coral patch to encourage the interest of reef-
bound fish. Coral performance, development of fouling, 
herbivory and corallivory were compared between the 
caged and uncaged nursery structures to determine 
whether the fish community had a net positive or net 
negative impact on coral in mariculture. The cage-control 
treatment was compared with the uncaged treatment 
to check if any differences in coral survival and growth 
might be caused by the physical presence of the cage itself. 
Coral performance (growth and survival) was measured 
monthly. The specific growth rate (SGR) of coral 
fragments was determined by measuring the increase in 
Ecological Volume (EV) of each fragment. EV is defined as 
the total volume occupied by a coral, including the volume 
of water between its branches. Percentage colony survival 
was estimated for each fragment. To link patterns found 
in coral performance to the activity of fish, we quantified 
fouling, herbivory and corallivory. Remote underwater 
video identified fish species and quantified the number of 
bites directed at fouling organisms (herbivory) and coral 
fragments (corallivory). As bite size scalesto fish body mass, 
number of bites were transformed to mass-scaled bites 
and standardized for time (bites g min-1) to estimate the 
impact of feeding. At the end of the 100-day experiment, 
fouling was collected, categorized, sun-dried and weighed. 
Coral predation was quantified by identifying all new bite 
marks monthly. To characterize the local fish community, 
the fish community structure and fish abundance were 
determined using stationary fish census. 

Results 

All data are presented as mean±SE. Over time, the 
treatments differed significantly in SGR (two-way 
mixed ANOVA; F2,39 = 18.20, p <0.001), survival 
(two-way mixed ANOVA; F2,40 = 17.96, p <0.001), 
fouling (MANOVA; F2,36 = 24.23, p <0.001), herbivory 
(MANOVA; F2,40 = 11.50, p <0.001) and corallivory 
(MANOVA; F2,40 = 5.35, p = 0.009). SGR in the caged 
nursery structure (0.0047±0.0010 d-1) was significantly 
lower than in both the uncaged (0.0078±0.0010 d -1) 
and cage-control (0.0099±0.0010 d -1) nursery structures 
(Tukey; p = 0.003 and p <0.001, respectively). Average 
survival in caged nursery structures (89±3%) was 
significantly lower (Tukey; p <0.001) than in both the 
uncaged (98±2%) and cage-control (99±1%). At 484±43 g 
m-2 , total fouling density was significantly higher (Games-
Howell; p <0.001) in the caged treatment than in both 
the uncaged (61±15 g m-2) and cage-control (78±17 g 
m-2). Macroalgal density was more than 100-fold higher 
in the caged treatment. The uncaged (83±35 bites g min-

1) and cage-control (74±21 bites g min-1) treatments 
did not differ significantly in grazing pressure, with 
rates being substantially lower in the caged treatment 
(0±1 bites g min-1) (Games-Howell; p <0.01). Grazing 

on the nursery structures was strongly dominated by 
a single species of surgeonfish, Ctenochaetus striatus, 
which took a sum of 205,096 mass-scaled bites (77% of 
total standardized bites). C. striatus was also the most 
abundant roving herbivorous fish present (155 fish ha-1) 
in the study area. A total of 1450 mass-scaled bites on 
coral tissue were recorded for the uncaged and cage-
control treatment. The most dominant fish targeting 
coral tissue were: Chaetodon melannotus, Chaetodon 
trifasciatus and Chaetodon kleinii. Every month, bite marks 
on coral skeleton were found on average on 10% of the 
coral fragments. 

Conclusion 

The uncaged and cage-control treatments generated 
equivalent results on nearly all aspects, indicating that cage 
artefacts have not confounded the results of this study. C. 
striatus and other grazing fish forestalled the development 
of an abundant fouling community on the uncaged and 
cage-control nursery structures. Thus, the role of roving 
herbivorous fish in controlling algal biomass on coral 
nursery structures has been clearly demonstrated. Growth 
and survival after 100 d were high for the uncaged and 
cage-control fragments. The observed decreases in survival 
and growth of caged coral are most likely attributable 
to competitive mechanisms of fouling organisms, such 
as overgrowth, shading and abrasion, in particular by 
macroalgae.  A 9% higher survival and a 40% increase in SGR 
in the uncaged treatment indicate meaningful advantages 
of growing coral near natural fish communities. This study 
on Acropora verweyi maricultured near natural reefs shows 
some negative impact of corallivory on growth of coral 
fragments, but this is not nearly offsetting the beneficial 
effects of herbivory, as reflected by the better growth 
and survival in the uncaged and cage-control nurseries. 
As hypothesised, the advantage of having biological fouling 
control by herbivorous fish is shown to outweigh the 
negative impacts of incidental corallivory on the survival and 
growth of A. verweyi. Coral that was easily accessible to the 
natural fish assemblage attained very high levels of survival 
and good coral growth without the need of human-assisted 
cleaning for a period of 100 d. Such free animal-assisted 
cleaning not only promotes coral survival and growth, but 
also reduces human cleaning time and thus project costs, 
ultimately benefitting the restoration of reefs.
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Background 

This paper examines the benefits flowing from a coastal 
seascape through seafood trade to various social 
groups in two distinct small-scale fishery case studies. A 
knowledge gap currently exists in relation to how benefits 
from a fishery, and the associated trade, are ultimately 
distributed. Specifically, how market structures and 
relations, and the combined dynamics of the local fishing 
society, can mediate these flows. Previous research into 
improved fisheries governance for food and livelihood 
security has failed to integrate the structure of the 
market place as well as the multidimensional nature of 
actor relations that influence extractive behaviour. 

Methods 

Using a value chain framework, this paper takes a 
relational approach to study these gaps. Surveys (In-depth 
interviews, structured interviews) and observations were 
conducted in two fisheries (Unguja, Zanzibar and Iloilo, 
the Philippines) as part of a comparative analysis including 
market-types, assistance networks, and income inequality. 

Results 

Chain structures, gender roles, and levels of 
contractualization within the two cases differed vastly, 
appearing to give rise to different types of income 
inequalities and barriers to participation. The Zanzibari 
market place is characterized by a large number of 
trading agents and on-the-spot transaction types, 
local consumers play an important role in market 
dynamics, and are frequently involved in contracts 
through predetermined arrangements. In contrast, the 
Philippine system is more highly contractualized, where 
fishers and trading agents are predominately tied to 
each other via these arrangements, and products are 
directed toward wholesale and retail. In addition, there 
is a higher concentration of trading agents within the 
market. Philippine market exchanges revolve more 
around provision of financial capital while in Zanzibar 
reciprocity is more frequent, although in both systems 
social standing and obligations play a role in determining 
market structures. In Zanzibar trading agents engaging 
customers in predetermined sale arrangements earn 
relatively more than their counterpart freelancers, 
however at the production level no income differences 
are seen between those with or without arrangements.

Conclusions 

Both cases stand to be further integrated into the 
international seafood market, which raises questions 
over how certain actors will benefit, based on their 
current participation and access. 

Results emphasize the need for more evidence in regards 
to benefits flows and how aspects such as gender 
and transaction forms impact them. This is necessary 
for governance decisions around fisheries, poverty 
alleviation, and increased global market integration. 
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MPAs can be crucial for sustainable conservation 
strategies, however they are only effective if designed with 
due consideration of adjacent coastal communities who 
rely on those areas for their livelihoods, food security and 
cultural practices. Based in South Africa, the objective of 
my research is to investigate the different perceptions of 
stakeholders about the rezoning of Africa’s oldest marine 
protected area and the resulting contestations over 
community rights and access, protection vs. use, and the 
implications for marine governance and human rights. In 
South Africa, MPAs created prior to 1994 (the end of 
the Apartheid era) disregarded local communities access 
rights to the coast and removed access entirely, with no 
consultation, marginalizing local people. 

In December 2016 the Tsitsikamma National Park Marine 
Protected Area was rezoned from a no-take to a partially 
open protected area with the aim of re-addressing 
historical exclusion and provide equitable access 
and benefits to adjacent communities. However, the 
rezoning was conducted for the interests of recreational 
fishers, while there was inadequate consultation with 
the community. The location of open access areas for 
angling has increased the tension between the regulating 
authority and the community. There has also been a 
subsequent national outcry from the public, conservation 
non-governmental organization (NGO) representatives, 
fisheries scientists and marine biologists who view 
the re-zoning as having been politically motivated, and 
detrimental towards marine conservation objectives. 
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To examine this situation and the implications for 
sustainable marine governance, my research draws on 
56 semi-structured key informant interviews from the 
nine different communities adjacent to the Tsitsikamma 
MPA, as well as with scientists, NGO and government 
officials. A focus group with eight representatives from 
South African National Parks (the regulating authority) 
was also undertaken. Several key findings emerge from 
this research. First, a lack of consultation and feedback 
in regard to regulation changes leads to mistrust of 
other stakeholder groups and increased contestation. 
Second, different stakeholder groups can perceive the 
same situation in different ways, but there are shared 
perspectives about suitable consultation and contextually 
appropriate management inputs. Had those shared 
perspectives been incorporated as a baseline to decide 
what rules should be implemented, a regulation change 
that is perceived as acceptable across all stakeholder 
group would have been more likely. Third, using a bottom-
up transdisciplinary approach that combines inter-
generational local ecological knowledge, management 
practice from practitioners and expert knowledge 
from researchers would be the foundation for a more 
legitimate set of access rules that the managing authority 
and communities could legitimately and effectively use to 
govern marine resources. In conclusion, without careful 
consideration of community needs and benefits balanced 
with environmental goals in the context of marine 
governance, opposition and inequality will emerge and 
undermine opportunities for sustainable social and 
ecological outcomes. 
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Coral reefs are facing severe pressures from both global and 
local anthropogenic impacts, which have led to reductions 
in key ecosystem processes, and subsequent increases in 
fleshy macroalgae. Local stressors such as nutrient runoff 
can be locally managed, which could subsequently increase 
the potential for reefs to recover from larger-scale impacts 

like climate change. However, it can be difficult to quantify 
the source or content of these nutrients, as they are subject 
to large spatio-temporal variations in the environment. 
Macroalgae have been widely established as an effective 
bioindicator for measuring bioavailable nutrients over large 
spatio-temporal scales using stable isotopic and elemental 
analyses, which, if the macroalgae are naturally available at 
relevant sites, can be useful in both identifying and tracing 
additional nutrient loads that can be potentially detrimental 
to reefs. Other bioindicators have also been highlighted 
in the literature, but few attempts have been made to 
simultaneously test and quantify multiple bioindicators in 
the field as part of environmental monitoring programmes, 
which is key in this period of high reef disturbance. In the 
current study, the precision and cost-effectiveness of a 
suite of potential bioindicators were collected from coral 
reefs across the Inner Seychelles islands and investigated to 
determine how well each of them captures nutrient regimes 
both within and across different reefs, particularly those 
facing different stages of degradation from anthropogenic 
disturbances. The selected bioindicators included brown 
and green macroalgae, turf algal assemblages, cyanobacteria, 
soft corals, zoanthids, sponges, and sediment from up to 21 
different reefs (nine of which are macroalgal dominated, 
and 12 of which had recently undergone mass coral 
mortality from the 2016 bleaching event), which were 
all analysed for both nitrogen and carbon stable isotopic 
and elemental signatures (ẟ15N, ẟ13C,%C,%N, and C:N 
Ratio). In addition, the cost-effectiveness of each of these 
techniques was assessed in terms of cost (time investment, 
expenses) and effectiveness (precision, sampling availability). 
For measurements of ẟ15N, the three bioindicators that 
showed consistently low average coefficient of variation 
(CoV) values, both within and between reefs, were green 
macroalgae (3.60±0.50) and brown macroalgae (4.07±0.28), 
as well as for measurements of nitrogen content (%N), 
where the average CoV was 7.53±1.29 and 11.3±1.02, 
respectively. However, zoanthids (Palythoa sp.) were also 
much less variable than the other bioindicators from 
similarly higher trophic levels, as they had an average CoV 
of 14.3±1.30% for%N, relative to 30.4±6.21% for soft 
corals, and were present at 19 out of 21 sites (7 macroalgal-
dominated reefs; 12 dead-coral reefs), whereas brown 
macroalgae (Sargassum sp.) were collected from 16 sites (9 
macroalgal dominated reefs; 7 dead-coral reefs) and green 
macroalgae (Chlorodesmis sp.) from only 13 (7 macroalgal-
dominated reefs; 6 dead-coral reefs). This therefore provides 
useful information about the types of bioindicators which 
are not only accurate and precise enough to detect nutrient 
regimes, but which might be useful if comparisons are needed 
between reefs in different conditions. However, different 
functional groups of macroalgae can respond differently 
to increases in nutrient loads, as the overall average%N in 
green macroalgae from was 4.32±1.29%, whereas it was 
1.10±0.02% in brown macroalgae. This could be because 
Chlorodesmis is thought to be a slower-growing type of algae, 
as it has a greater nutrient storage capacity than Sargassum, 
so it might not respond as quickly to any increases in 
anthropogenic loads, and therefore not accurately reflect 
any environmental changes in their tissues, even if its 
measurements are still consistently precise. It therefore 
emphasises the need to take into account any biological 
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mechanisms of nutrient uptake, assimilation and/ or storage 
when choosing a specific bioindicator to determine nutrient. 
The cost-effectiveness analyses in this study also helped to 
improve confidence in the choice of a bioindicator, using 
the stable isotope method, as this study found that the type 
of bioindicator and working task have a significant effect 
on the time taken (cost, in h) to collect, process, prepare 
and analyse samples to measure for nutrient signatures in 
their tissues, as does the interaction between them. Though 
sediment was available at all 21 sites and turf algae at 20, and 
were two of the easiest bioindicators to locate and collect 
in the field, they were both poor indicators without any 
additional treatment or process, as the calcium carbonate-
heavy sediment contained such little nitrogen on average 
(0.04±0.01%) that it was more difficult to detect nitrogen-
related signatures during the stable isotopic analyses 
compared to the other types. Though additional measures 
can be taken to increase the precision of these kinds of 
bioindicators, such as acidifying subsamples, or separating 
out the turf algal assemblages into individual functional 
groups before analysing them separately, this only increases 
the time taken to use them for such purposes, and so their 
“cost”. Applying a combination of these approaches could 
therefore aid both scientists and local managers in selecting 
suitable bioindicators for precisely and cost-effectively 
investigating nutrient regimes over different spatial scales, 
or else reefs that are facing different levels of degradation, 
which could subsequently inform them about any areas of 
concern where anthropogenic runoff might be impacting a 
disturbed reef’s recovery potential. 

Keywords: Coral reefs; nutrient regimes; pollution; 
stable isotopes; macroalgae; environmental monitoring; 
bioindicators; regime shifts
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Background 

The sustainable governance and management of small-
scale fisheries (SSF; or artisanal fisheries) is challenging 
due to their complexity and diversity. Small-scale 
fisheries system dynamics emerge from the interactions 
of diverse entities, large-scale drivers and diverse social, 
ecological and ecological contexts, making the outcomes 
of interventions unpredictable. This unpredictability 
is exacerbated by a lack of data about ecological and 
social dimensions. In this paper we introduce agent-
based modeling as a methodological frontier to tackle 
the complexity and interconnectedness of SSF. Agent-
based models (ABMs) are gaining popularity as a 
method for combining qualitative and quantitative data 
to understand the underlying processes of an empirical 
phenomenon. Because ABMs can be used as interactive 
and collaborative modeling tools they are also known 
for their ability to bring together fisheries workers, 
government representatives, and researchers across 
disciplines, and thus provide an avenue of reconciling 
different knowledge bases, assumptions, and goals. Even 
though there is a strong connection between the main 
methodological qualities of ABMs and the challenges for 
improving SSF management, only few ABM studies are 
found in the peer-reviewed literature. The studies tend 
to be participatory ABM projects of a particular localized 
case; or more theoretically oriented to understand the 
emergence of certain phenomenon. Although ABMs 
are still the exception among fisheries models, ABMs 
are more common in large-scale fisheries. In this paper 
we discuss the usefulness of agent-based modeling 
and review their application in published small-scale 
fisheries models. The potential of agent-based modeling 
to represent the diversity and interactions from the 
bottom-up, to understand emergent phenomena such 
as over-fishing and social inequalities, which makes them 
particularly interesting for small-scale fisheries. 

Methods 

We reviewed the literature on the application of ABMs 
in SSF. We identified 12 papers based on the criteria that 
the models should include both social and ecological 
entities and be linked to governance, management 
or policy issues. Forrester et al (2014) specifically use 
ABMs in the WIOMSA region. We also analyzed the 
ABM approach to identify its usefulness for different SSF 
research questions, and management and governance 
problems. 

Results 

Our review finds a wide range of motivations, purposes 
and research designs, such as understanding of a 
phenomenon, a decision-support tool, or participatory 
tools, across the small number of agent-based studies 
applied to small-scale fisheries. The published models were 
used to understand a number of different phenomena, 
such as increased harvests emerging from cooperative 
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forms of management; factors facilitating the emergence 
of self-governance; increased harvests in relation to the 
placement of marine protected areas; the emergence of 
either fishing cooperatives or patron-client relationships 
as the dominant form of self-governance; the emergence 
of balanced harvesting; long-term effects of tourism and 
urbanization on coral reef health and fisheries causes 
of overfishing and environmental (reef) degradation. We 
identified three different uses to the way the ABMs were 
employed. The primary use of the first approach was to 
explain how some SSF phenomena can come about, and 
to explain the mechanisms (i.e. factors and processes) 
that were effective. The second use was to use the models 
as policy assessment tools to identify and explain the 
mechanisms behind why some policy, or way of organizing 
the fishery, may be better than another. The third use was 
to use the ABM as a participatory tool, as pioneered by 
the Companion Modeling team (https://www.commod.
org) through role-playing games. Forrester et al. (2014) 
develop their models through participatory approaches to 
understand the complexities in implementations of Beach 
Management Units in Kenya. 

Conclusion 

Because agent-based models can deal with the 
complexity of small-scale fisheries, they provide an 
interesting method for improving our understanding 
of contextualized generalizations of mechanisms and 
how they generate a phenomenon of interest in small 
scale fisheries. However, agent-based modeling is not 
a panacea. Time, resources, and active collaboration 
between those involved in designing and developing an 
agent-based model are of major concern for a successful 
outcome of the modeling project. 
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Background

Without drastic efforts to reduce carbon emissions 
and mitigate globalized stressors, tropical coral reefs 
are in jeopardy. Strategic conservation and management 
will require identifying the environmental conditions 
and socioeconomic characteristics associated with 
scleractinian coral assemblages – the foundation species 
of coral reef ecosystems. 

Methods

We compiled coral community abundance from 2,584 
Indo-Pacific sites – including the Western Indian Ocean 
reefs of Chagos, Kenya, les Iles Eparses, Madagascar, 
Maldives, Mozambique, Reunion, Seychelles, and Tanzania 
– to evaluate the influence of 21 climate, social, and 
environmental drivers on reef coral assemblages using 
hierarchical Bayesian mixedeffects regression models. To 
consider strategic management strategies, we also assessed 
(i) above or below a threshold of >10% cover of coral 
taxa important for structural complexity and carbonate 
accretion, and (ii) their exposure to severe thermal stress 
during the 2014-2017 global coral bleaching events. 

Results

Higher abundances of framework-building corals were 
typically associated with: weaker past thermal disturbances 
and longer recovery intervals from past bleaching events; 
slower human population growth; reduced access to 
human settlements and markets; and less agricultural use. 
Based on our dataset, we to propose a framework of three 
management strategies (protect – recover – transform) 
for coral reefs in the Anthropocene. We identify a subset 
of reefs (n = 449, or 17.4%) that meet the criteria for 
protecting potential ecological refuges, amidst other 
locations that may ultimately be priorities for recovery 
actions (n = 1405, or 54.4%) or transformation away from 
reef-dependent livelihoods (n = 728, 28.2%), and discuss 
their application to the WIO. 

Conclusions

Our findings can guide urgent management efforts for 
coral reefs, by identifying key threats across multiple 
scales and strategic policy priorities that might sustain 
a network of functioning reefs in the Indo-Pacific, 
including key sites in the Western Indian Ocean, to avoid 
ecosystem collapse.
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This study aims at understanding the current ecological 
characteristics of mangroves of the Rufiji delta. Specifically, 
the study examines variations in floristic composition 
and structural attributes of the delta. Also, the study 
assessed the species composition of fauna (bird as a 
representative) and relative abundance, status based on 
IUCN, habitat preference and their migratory status. The 
Rufiji delta was stratified into three zones: Northern, 
Central and Southern delta. Data were collected through 
field surveys and key informant interview. Data analysis 
involved the determination of species richness, abundance 
for flora and fauna and structural attributes (stem density, 
basal area, mean diameter and height of trees. Analysis 
of Variance were used to ANOVA A total of 10 tree 
species were identified, 8 were mangroves while 2 were 
non-mangrove tree species. Avicenia marina was most 
abundant tree species in the delta. The Southern delta 
had lower diversity, mean height, diameter, and basal area 
compared to the other zones of the delta. Stem density 
decreased with increasing DBH size class conforming to 
the reverse ‘J’ shape, indicating that the mangrove forest 
is undergoing normal recruitment or recovering from 
previous anthropogenic disturbances. Of all structural 
parameters, only height was significant higher (P = 0.001) 
in the Northern zone. A total of 94 species of birds were 
observed in the forest, of which Olive sunbird Cyanomitra 
olivacea was the most abundant. The major threats to 
mangroves in the delta include illegal harvesting and change 
in water flow regime. Conclusively, the delta has a diverse 
of ecological resources ranging from flora and fauna, which 
are threatened by natural and anthropogenic pressures. 
Investing in protection and restoration is recommended 
for sustainable management of the mangroves in the delta.

Keywords: Ecological resources, Flora, Fauna, 
Anthropogenic disturbance 
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Net Primary Productivity (NPP) in terms biomass 
increment of the forest is important for understanding 
their estimate cutting cycles, carbon sequestration tells 
the rate at which CO2 is captured and stored in plants, 
which is important for carbon credits in the evolving 
carbon market. On other hand, litter fall informs on 
organic biomass available as food to a wide variety of 

detritus feeding organisms inhabiting the mangrove 
forests. Therefore, this study aims at determining NPP of 
Mangrove Forest in the Rufiji Delta, Tanzania. Specifically, 
the study examines species composition and structural 
attributes; determine NPP in terms of biomass increment, 
carbon sequestration and litter fall as well as their 
variation of NPP across zones within the delta. Stratified 
and purposive sampling were used to select only 15 
out of 50 circular georeferenced plots of 0.04 ha from 
the East African Mangrove Carbon Project (EAMCP). 
The plots were distributed equally in three blocks A, B 
and C i.e. seafront, middle and landward, based on salt 
concentration. In each plot, all trees were measured and 
re-measured after two years. Moreover, the diameter 
bands were installed in the same plot to three live trees 
of different dbh classes (large, medium and small) for 
monitoring of diameter growth. Bands reading data was 
recorded every after 4 months for period of two years. 
For litter fall, in each plot, four square top litter-traps 
of 50×50cm dimensions were placed at North, South, 
East and West ends of the sampling plots, at heights well 
above the highest tidal level to avoid tidal water. Litter fall 
was removed from each trap every month for a period 
of 2 years. Collected litter was sorted into leaves and 
petioles; buds, flowers and fruits; and twigs, branches and 
barks. Sorted samples was oven dried at 60oC until the 
constant mass. Comparison among structural attributes, 
NPP in terms of biomass and litter fall between plots 
and zones was conducted using ANOVA. Tree AGB and 
BGB were computed allometric models developed for 
mangroves of Tanzania. Litter fall was analysed as the rate 
of fall in gDW m-2day-1 and later obtained data was up-
scaled to per hectare basis per year, and then the average 
of the two years was computed to obtained NPP of the 
forest in terms of litter fall. Preliminary results show 
C. tagal was the most abundance species in the study 
site. The landward site has the highest, followed by the 
middle while the seaward side was the least. However, 
no significance difference was detected (p >0.05). in 
terms of species, A. marina had the highest biomass 
increment rate while C. tagal had the least. NPP in terms 
of Carbon sequestration and litter fall follow the same 
trend. Conclusively, NPP in the delta varies across zones 
and species. More long time, more than two years is 
recommended to establish more NPP pattern of the 
mangrove forest of the Rufiji 

Keywords: NPP, biomass increment, carbon 
sequestration, litter fall
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Background 

Although mangrove forests are limited in species diversity, 
they are both ecologically and biologically important 
habitats with high primary productivity and a complex 
trophic network. In many places though, mangroves have 
been severely threatened by anthropogenic activities, 
exposing them to degradation and loss, in turn leading to 
losses in genetic diversity. Avicennia marina (Forssk Vierh) 
is the most widespread mangrove species along the coast 
of East Africa. Knowledge on the genetic composition 
of this generalist mangrove species is important in the 
development of conservation and management strategies. 
We set out to investigate the individual genotype, genetic 
diversity and structure of A. marina from Kenya and 
Tanzania to inform development of mangrove management 
strategies and genetic conservation. 

Methodology 

Six populations, two from Kenya (Gazi and Vanga) and 
four from Tanzania (Jasini, Moa, Kwale and Tanga) were 
identified in the transboundary area of Kenya and 
Tanzania. For each population, two transects of 100 m 
long and 20 m width were established and a total of 675 
individuals of A. marina was sampled. Genomic DNA was 
extracted and purified using the E.Z.N.A SP plant. 10 
polymorphic microsatellite primers were used to amplify 
DNA. PCR products were sequenced to reveal fragments 
for scoring. Micro checker, Gene marker, GeneAlex, 
FSTAT, Barrier, SPAGeDi and Structure software were 
used for genetic data analysis. Bayesian clustering analysis 
was used to assess gene migration between populations. 

Results 

Null alleles and large allele drop out were present in 
some loci of all populations which results of genotyping 
error. Observed heterozygosity (Ho) and allelic richness 
(Ar) was 0.498 and 4.6 respectively. The pairwise 
fixation index was FST = 0.044 (P<0.001) between the 
populations, however low genetic differentiation (FST 
0.027 - 0.064) within individuals as indicated with an 
inbreeding of FIS = 0.102. The kinship coefficient of A. 
marina populations ranged from Fij = 0 (no kinship at a 
distance of 1.4km) to Fij= 0.019 and significant at short 
distance of 0.9km. Bayesian clustering analysis revealed 
five gene pool groups with high mixing of individuals 
within the populations.

Discussion and Conclusion 

A deficit of heterozygosity numbers within a population 
influences the presence of null alleles. The moderate 
genetic diversity found in this study is suggestively 
caused by a continuing mangrove disturbance that results 
to genetic variation within individuals. However, low 
but significant (P<0.001) genetic population structure 
was detected among populations. The movement of 
gene through propagule dispersal between population 
was high as illustrated by Bayesian clustering analysis, 
this justifies that, mangrove population is genetically 
connected. This genetic connectivity may be attributed 
by oceanographic processes such as the East African 
Coast Current (EACC) which might be responsible for 
propagule dispersal in the region. This information forms 
part of the scientific baseline data that is being utilized to 
formulate a proposed transboundary conservation area 
between Kenya and Tanzania.
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Unsustainable fishing is a major driver causing change in 
marine ecosystems. Interactions between different fishing 
gears and their role in targeting species abundance and 
associated ecological functions are unclear, particularly 
in complex, multi-species fisheries. Here, we examine 
whether artisanal fishing gears remove and potentially 
compete for fishes with unique combinations of functional 
traits (diet, body size, depth, position in water column, 
period of activity, schooling behaviour) in a coral reef 
ecosystem. We use coral reef fish landing data from 25 sites 
across Kenya over a seven-year period. All gears seem to 
target a wide diversity of functional traits, but with some 
differentiation between gears. Fish assemblages captured 
by spearguns are significantly different from the other gear 
types, specialising on diurnal species that feed on sessile 
invertivores. Nets, including gillnets and beachseines, 
target the most functional diversity. Escape slot traps 
target the least functionally-diverse assemblages. Basket 
traps and escape-slot traps target the most functionally 
similar species of all two-gear combinations. Of the 163 
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functional entities (unique combinations of functional 
traits) captured in the fishery, functional entities that make 
up only a small proportion of the catch account for most 
of the differences in gear selectivity. The identification of 
unique and rarely targeted functional entities illuminate 
the effect of specific fishing gear on assemblage functioning. 
Taken together, these results indicate that total catch 
provide weak insights on differences in gear selectivity 
whereas dominant catch alone cannot be used as a broad-
scale indicator of potential impact of fishing on assemblage 
functioning. Findings highlight the need to disaggregate 
catch in proportions when examining potential ecosystem 
impacts of fishing. 

Keywords: ecological redundancy, ecosystem-
based management, functional diversity, gearbased 
management, gear interactions, niche breadth, trait-
based approach
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Good quality data, and timely analysis and interpretation 
is key to an effective fisheries resource management. 
In 2013-2016, the State Department for Fisheries 
Aquaculture and the Blue Economy (SDFA&BE) piloted 
Catch Assessment Survey (CAS) to help design sampling 
approaches for fish catches, fishing effort, and socio-
economic data. The CAS results estimated annual fish 
production of 20,000 -24,000 tons compared to 8000 
-9000 tons reported from routine data collection. The 
pilot was not without challenges, especially the loss of 
data and the delayed submission of data records, entry 
and submission. A mobile data collection application was 
developed and the aggregate hosted at the fisheries data 
and information management system (FDIMS). A one-
year electronic data collection using a mobile application 
was piloted at eleven (11) sites termed as the primary 

sampling unit (PSU) and vessel gear combination as 
secondary sampling unit (SSU). Total landings at the 
PSU level, was estimated by stratifying data by landing 
site, month, craft type (aggregate groups) and gear type 
(aggregate groups) and raising factor applied at each of 
the four steps. A total of 5,242 boats were sampled in the 
period of June 2018 to January 2019 and fish weighing 
157 mt recorded from different boat-gear combinations. 
Preliminary length based spawning potential ratio 
(LBSPR) analysis indicate that current fishing pressure 
is targeting immature fish resulting to a SPR value of 
20% and below, which is way below 40% (Optimum 
level). The preliminary results from the implementation 
of electronic data collection and recommendations for 
upscaling are based on lessons learnt. These lessons build 
on the CAS methodology for estimation of the marine 
fishery total production in Kenya. 

Keys words: Catch assessment survey, mobile 
application, data collection, total catch etc
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Seasonal change issues between capturing and not 
capturing seasons affects fishing activities and captures 
of traditional fishermen in Madagascar. Decreasing and 
low income is mainly the effect of these changes. In this 
presentation, we will provide evidence of this hypothesis 
by estimating affecting factors to household’s income 
of the traditional fishermen in North of Madagascar. 
This study considers the role of income on livelihood 
choice, household education, poverty and inequality in 
the Northwest Region, the poorest region in Madagascar. 
We will also estimate the influence of local governance 
on household income using a mean regression approach. 
The traditional fishermen that have low income during 
recent decades are studied here as a study case. Using 
Quantile Regression analysis with exponential functions, 
adjusted R2 , hypothesis testing of the regression (F-test 
and t-test), and followed by classical assumption tests 
(multicollinearity and heteroscedasticity) of the cross-
section data from fieldwork. The results found that the 
education of households head, education of fishermen’s 
wife, number of dependents, dummy of differences 
housing of fishermen have been significant to affect 
household income of the traditional fishermen, whereas 
the age of the head household and the local governance of 
the area (Marine protection Area or national governance) 
are not significant to household income. Notably, the 
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study provides significant outcome mainly the evidence 
that there is a significant variation in the returns on 
local governance across income distribution, with higher 
returns for households with higher levels of per capita 
income. This implies that education has an increasing effect 
on within-level income inequality in absolute terms and 
raises challenges for the conventional view of investment 
in education, in which local governance improves income 
equality in the long run, other things being equal.
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Background 

The Recent discoveries of large gas reserves in Northern 
Mozambique, Cabo Delgado province, and coastal 
developments in the region of Palma, combined with 
large external investments in rubies and other minerals 
in Montepuez, has resulted in an increase of flow of 
national and international citizens. A combination of the 
race for the extraction of illegal minerals (associated 
with weaknesses in border controls and inspections), 
weak accountability by holders of power, and the growing 
tendency to undermine the rights of local citizens have 
transformed the demographic and socio-economic 
context of this province. 

Methods 

Without a specific cause, or claim, an armed insurrection 
started in October 2017, Mocímboa da Praia was the first 
district targeted by this wave of violence, that continues 
to this day despite the government’s defense efforts. 
The attacks are so far estimated to have costed the 

lives of more than 200 people (civilians). On the other 
hand, northern Mozambique, and the coast of Cabo 
Delgado in particular, is known as a biodiversity hotspot, 
where coral reefs here (particularly in the Quirimbas 
Archipelago) are increasingly considered to be among 
the best and most diverse in the Western Indian Ocean. 
However, coral reefs are threatened by rapid changes 
such as climate change, pressures from itinerant fishing, 
unsustainable fishing practices, offshore exploitation of 
natural gas, among others. The Our Sea Our Life project 
has been working in the districts of Moçimboa da Praia 
and Palma to aid in the recovery and sustainability of 
fisheries through the establishment of well-enforced 
Locally Managed Marine Areas (LMMAs) by: a) increasing 
community participation and interest in conservation; b) 
helping overcome the ‘opportunity costs’ of conservation; 
c) reducing coastal communities’ dependence on marine 
resources, and d) helping to provide a sustainable form 
of income to support conservation activities. 

Results 

Through research (mainly interviews and newspaper 
articles) and constant communication with the 
beneficiaries of Our Sea Our Life, we understand that 
the violence has so far had a negative effect in the 
efforts to promote sustainable fisheries and improve 
the wellbeing of coastal communities in Cabo Delgado. 
Clear examples of this, include the attacks targeting four 
out of the six villages the project currently works in, 
which sadly resulted in the death of at least 8 people 
that benefited with the project, as well as partially 
burned villages, including the offices of the local Fisheries 
Community Councils (CCPs) built as part of the project. 
Initial analysis indicates that the conflict taking place on 
land, has led to local communities seeking refuge on the 
islands. The instability and shortage of available food 
associated with this emergency situation has in turn put a 
pressure on communities to increase their fishing effort 
in the areas where they seek refuge (islands), putting at 
risk (reducing) the positive impacts of co-management 
activities facilitated by the project. 

Conclusion 

Furthermore, from a regional perspective, (Mozambique, 
Tanzania and Kenya) the violent attacks and associated 
threats require regional solutions to the challenge of 
implementing conservation projects in conflict areas. 

Keywords: conflict, violence, insurgency, wellbeing, 
coastal communities
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The genus Lethrinus, emperor fishes contains the largest 
number of species (28 worldwide) when compared to 
the other genera within the entire Lethrinidae family. 
There are associated with coral reefs and seagrass. 
There’s an uncertainty on the number of Lethrinus 
species in Mozambique, considering that 14 species 
from the genus Lethrinus are described, however recent 
studies showed the presence of 16 species in Vamizi. 
Some species have been misidentified due to similar 
morphologic patterns. In addition genetic analyses are 
rare in the studies for this genus in Mozambique. Lack of 
information on the taxonomy, genetics and distribution 
of species of the genus Lethrinus contributes to the 
incorrect identification of the species. Genetic analyses 
to barcode the entire genus based on mitochondrial 
DNA (mtDNA) and Dloop sequence collected from gene 
Cytochrome Oxidase I (COI) will be used to complete 
these gaps in the identification of these species. The 
taxonomic analyses will be performed using geometric 
morphometric approach MORPHOJ 1.05f, which is 
based on the body shape of the fish. Also descriptions 
and morphological features will be produced using the 
Delta software (Dallwitz, 2018: https://www.deltaintkey.
com/www/programs.htm). The results of this project will 
allow the precise identification of species of the genus 
Lethrinus based on the barcode and morphology keys; 
understand the importance to the description revision. 
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Background

Global Climate Change (GCC) is one of the greatest 
threats to biodiversity, and one of the most pressing 
challenges within conservation science and management. 
Thus, one of the emerging objectives within conservation 
practice is to identify and conserve areas of heightened 
resilience and/or evolutionary potential. However, to 
effectively conserve resilience and adaptability into the 
future, it is vital to understand the historical processes 
that have shaped the patterns seen today. Previous studies 
assessing the links between past climatic oscillations 
and contemporary intraspecific genetic variation have 
found that climatic refugia (i.e. areas that remained 
habitable through climatic oscillations) are likely to 
be areas of increased genetic diversity. These areas 
are likely to have increased resilience with regards to 
future climatic change, and thus should be prioritized 
for conservation. However, the influence of climatic 
refugia on genetic diversity is still largely unexplored 
within the marine environment, especially within a 
multi-species context. Therefore, within this study we 
explore how paleo-climatic changes since the Last 
Glacial Maximum (LGM; 21 kya) have influenced the 
genetic diversity of three southern African rocky shore 
species, namely the Cape urchin (Parechinus angulosus), 
Granular limpet (Scutellastra granularis), and Shore 
crab (Cyclgrapsus punctatus). We then compare areas 
of past climatic stability to areas of predicted stability 
from the present until 2100. By combining past and 
future environmental niche modelling and population 
genetic analyses, we are able to provide a baseline 
for both the exposure and sensitivity of rocky shore 
species to climate change, which will be highly valuable 
for future conservation prioritizations within the 
Wester Indian Ocean (WIO) region. 
Methods

To identify climatic refugia we conducted species 
distribution models (SDMs) to the LGM at 1,000 year 
intervals, using snapshot simulations of the Hadley Center 
ocean- atmosphere climate model (HADCM3), with 
mean sea surface temperature and air temperature as 
predictor variables.  SDMs were run with the ‘Biomod2’ 
R package, using ensemble approach combining five 
model types that have been shown to significantly 
increase model accuracy and performance. Subsequently, 
we compared the spatial arrangement of climatic 
refugia of southern Africa’s coastline to the patterns 
of genetic diversity of three rocky shore invertebrates. 
Mitochondrial genetic data was obtained for C. punctatus, 
P. angulosus, and S. granualris, as their distributions span 
the natural environmental gradient of southern Africa, 
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and they each have existing genetic datasets spanning 
most of their distribution. Generalized Linear Models 
(GLMs) were used to assess how well climatic stability 
and variability explain patterns of haplotype and 
nucleotide diversity for each species. Finally, we used the 
ensemble models to project species distributions into 
the year 2100, using the HADCM3 model under the 
intermediate A1B emissions scenario. Patterns past and 
future climatic stability, and genetic diversity of the three 
species were then compared to the network of marine 
protected areas (MPAs) in the region, to identify gaps in 
the MPA network that should be addressed by future 
conservation action. 

Results

Preliminary results for C. puntactus show that most of 
the south and eastern coasts of South Africa remained 
habitable throughout the climatic oscillations since the 
LGM. Both climate stability, defined as the sum of habitat 
suitability over time, and climatic variability, defined as the 
standard deviation in habitat stability over time, were not 
correlated with either haplotype or nucleotide diversity 
of C. punctatus. When projecting future climatic stability, 
we find that the suitable habitat for C. punctatus is greatly 
diminished by 2100, and has largely shifted to the west 
coast of South Africa. Importantly, the southwestern 
coast, specifically the Cape Point and De Hoop regions 
were found to be climatically stable in the past (from the 
LGM to present), and in the future (from the present to 
2100). These results will be synthesized and presented 
with those pertaining to S. granularis and P. angulosus. 

Conclusions

Our study is the first assessment of climatic stability 
of the southern African coastline and its influence on 
the genetic diversity of multiple rocky shore species. 
Our finding of climatic stability showing no significant 
correlation to patterns of genetic diversity could 
be owing to the study species having large effective 
population sizes and dispersal distances, thus making 
genetic diversity more likely to reflect contemporary 
environmental pressures rather than climatic changes 
of the past. The preliminary results suggest that species 
distributions should not stand alone, but rather, be 
supplemented by patterns of genetic diversity within 
conservation planning analyses. Overall, the presented 
study advances our understanding of climatic stability 
and species resilience within the WIO region, which also 
increases our ability to conserve ecosystem persistence 
and functioning into the future. 

POSTER
Energy-effective reproduction strategy in reef-
corals: is spawning seasonality and synchrony an 
ecological advantage over asynchronous spawning? 

ERWAN SOLA, DAVID GLASSOM AND ISABEL DA 
SILVA

School of Life Sciences, University of KwaZulu-Natal, 
Private Bag X54001, Durban, 4000 South Africa

School of Life Sciences, University of KwaZulu-Natal, 
Private Bag X54001, Durban, 4000 South Africa

Universidade do Lurio, Bairro Eduardo Mondlane, 
Pemba – Cabo Delgado, Mozambique

Email: erwan.sola@gmail.com

Background

Coral reproductive patterns, across the world and 
among species, span a continuum from asynchronous 
spawning and protracted breeding season to short and 
highly synchronized spawning events. Seasonal variation 
is thought to play a role, however, these the reason 
underlying these differences are not fully explained. Here, 
we look at differences in fecundity between species with 
varying levels of reproductive seasonality and synchrony 
to shed light on this aspect of coral reproduction. 

Methods

We investigated patterns of gamete maturation and 
variation in fecundity at the level of colony, population 
and community in six species of the genus Acropora 
(Cnidaria: Scleractinia) from the coral reefs of Vamizi 
Island, Quirimbas Archipelagos, Mozambique, using 
repetitive field and microscopic examination of marked 
colonies over two consecutive reproductive cycles. 
We compared fecundity indices between three species 
participating in the annual multispecific coral spawning 
(MSE) and three species which spawn outside of this 
period. Gamete maturation and spawning was more 
synchronised for the species participating in the MSE. 

Results

The fecundity index, which incorporates the number and 
size of oocytes, was significantly higher for the species 
spawning outside the MSE period compared to those 
spawning during the MSE, which produced larger but 
fewer oocytes. 

Conclusion

Considering that higher spawning synchrony and optimal 
sea conditions can enhance fertilization success by 
increasing gamete concentration in the water column, 
it is possible that reproductively synchronous species 
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spawning during optimal conditions are able to reduce 
their energetic investment in sexual reproduction 
while retaining high level of reproductive success, or 
conversely, increased reproductive output constitutes 
a strategy to achieve reproductive success for corals 
spawning less synchronously and under sub-optimal 
conditions. In either case, synchronous species could be 
at ecological advantage since able to reserve resources 
for other important functions such as rapid growth. This 
is also supported by the observation of reproductive 
quiescence in the first year for all species spawning 
outside the MSE period, while species participating to 
the MSE spawned in both years. This study, offers new 
insights to further our understanding of the ecological 
relevance of multispecific and highly seasonal spawning 
events for coral assemblages, as well as the implications 
for their health and resilience.
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Background 

Artisanal fishing is an important activity of Mozambique’s 
coastal zone. It provides a source of employment and 
livelihood to several impoverished communities. Giving 
that, fishing activities have become a serious threat 
to Mozambique’s marine environment due the high 
pressure to fishing stocks. There is also increasing 
concern about the management of fisheries resources 
and fishing methods, particular attention is being given 
to destructive fishing gears such as chicocota. The 
chicocota is a trap made from old otter-trawl net pieces 
in a coneshaped form with a cod-end featuring a fine 
mesh size, usually mosquito net. For better management 
of fisheries, the sector is implementing several measures, 
including the fight against destructive fishing gears, such 
as chicocota. The present study aimed to determine the 
catch composition and abundance of this particular gear 
in Bons Sinais estuary. 

Methods

In 2016 historical data for species composition and 
lengths were obtained from catch assessment surveys 
of the National Institute of Fisheries Research (IIP) for 
the fishing centers of Bons Sinais estuary for the fishing 
gear chicocota. Records for this gear were available for 
three years, namely 2012-2014. The relative abundance 

was calculated and the multivariate non-Metric 
Multidimensional Scaling (nMDS) technique was then 
used to visualize catch composition for chicocota across 
landing sites. Also, nMDS was used for a combination 
catch composition with season. 

Results

Eleven species belonging to eight families composed 
the catches of three landing sites along Bons Sinais, 
namely Saguar, Icidua and Gazelas. The catches were 
mainly composed by sardines of family Clupeidae and 
Engraulidade and penaeid shrimps. Significant catch 
composition was observed between Gazelas and Saguar 
and between Gazelas and Icidua (p = 0.00. Three species, 
namely Sillago sihama, Thryssa setrirostris and Penaeus 
indicus were present in all landing sites. The most 
abundant species was P. indicus with relative abundance 
of 65.8% in Gazelas and least abundant was the exotic 
shrimp Parapeneopsis sculptilis in Saguar with 1.6%, the 
single landing site where the species was recorded. 

Conclusion

The dynamic of the fishing activity with chicocota at BS 
is determined by the location of fishing grounds where 
the morphology of Bons Sinais (shape and channels) 
determine where the gear is operated. Finfish (sardines) 
and penaeid shrimp are the major catches of chicocota. 
Fishing control/law enforcement is weak to absent 
upstream which may be resulting in major landings in 
Icidua and Saguar. 
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Background 

Most of what is known about the oceans was derived 
from field observations of water properties that vary 
from one site to another. Ocean observations are taken 
from oceanographic or hydrographic measurements 
employing direct or indirect approaches. On the other 
hand there in an increasing use of numeric models to 
adequately quantify ocean properties and their changes 
in space or time, as well as devise information from the 
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pre-instrumentation period and make predictions for the 
future. Therefore, a great number of hydrodynamic models 
can be found in the literature, and we chose the Estuarine 
and Lake Computer Model (ELCOM) to investigate the 
tides in Nacala Bay. Understanding the tides and tidal 
currents is of particular importance for many coastal areas 
where living and nonliving marine resources are driven 
by the tide dynamics. Located in northern Mozambique, 
Nacala is a natural harbour of great socio-economic 
importance for the country, and yet, the oceanographic 
conditions of the bay did not receive much attention from 
researchers. The present study aims to contribute with 
information on tides and currents for the bay in general, 
and it will seek to describe the propagation of tidal wave 
throughout the bay in particular. 

Methods 

ELCOM is a tri-dimensional sigma layer model 
developed by the Australian centre for Water Research, 
that solves the Navier-Stokes equations using high-
order differentiation schemes. The geometry and 
bathymetry was discretized from a nautical chart, and 
initial fields for temperature and salinity were taken 
from historical records. Tides were extracted from 
the global TMD model, and the model results were 
validated against tide gauge data. 

Results 

The tidal oscillation in the bay undergoes two high waters 
and two low waters every day, reaching a maximum of 
1.91 and 0.34 metres of amplitude during spring and 
neap tides, respectively. For all control stations the 
tidal currents at the surface level were much stronger 
during flooding than ebbing, in agreement with earlier 
observations. The bay can be dynamically divided in 
two halves, provided that the currents are considerably 
stronger in the left side of the bay than in the other half, 
a clear indication of the predominance of the Bernoulli 
effect inside the bay. 

Conclusion 

The Nacala Bay exhibits semi-diurnal tides with the 
principal lunar and principal solar constituents being the 
two major contributors. Shallow water constituents are 
not significant although tidal distortion is considerably 
high at the margins. During spring tides the currents 
flow mainly in the direction to and from the bay, and 
across-mouth flow is important during neap tides. This is 
particularly important for sailors that need to pay special 
attention to the tidal cycle as they make their way into 
or out of the bay. 
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Sea turtles are globally threatened including Kenya where 
they are legally protected. A lot of efforts have been put 
to conserve these species, including involvement of local 
communities. Understanding the nesting behavior of sea 
turtle in seashores has been considered as one of the 
conservation strategies. I investigated spatio-temporal 
patterns of sea turtle nesting activity monitored over 3 
successive years between Kiwayu and Mvundeni beach 
locations in the Lamu seascape, Kenya. I also investigated 
the physical characteristics relevant to sea turtle nest site 
selection. Community-based patrols were conducted on 
10 stretches of beach grouped in two major locations 
(Mvundeni: 6 beaches while Kiwayu: 4 beaches). A total 
191 of nests were recorded: 184 green turtle nests and 
7 hawksbill nests. Nesting occurred year-round, with 
higher trends recorded between February and July, 
and lower between August and March. On average 55 
nests were recorded annually ranging from 20 nests in 
2017 to 67 nests in 2015. The mean density during the 
peak nesting months was 4.3±SE 0.8km-1. Spatially, the 
average nest density over the study period was higher 
for Mvundeni (12±SE 5 nests/km) compared to Kiwayu 
(5±1 nests/km). However, the student’s t-test confirmed 
that the mean nest density between the two locations 
is the same (t=0.85, p= 0.21). The annual nesting 
presented statistical differences (f= 3.96, p<0.05) while 
monthly nesting trends did not present any statistical 
differences (f= 1.68, p>0.05). There were some levels of 
annual variations in nesting activity between the study 
locations. Green turtles were reported to nest both in 
Kiwayu and Mvundeni, with the highest number (71%) 
of nests recorded on Kiwayu compared to Mvundeni 
(29%). Hawksbill turtle nests were reported in Kiwayu 
but not in Mvundeni. Beaches that were wider (>7.5m) 
on average had more nests compared to narrow beaches 
(<7.5m). The study highlight the spatiotemporal patterns 
of sea turtle nesting activity in Lamu seascape, Kenya, 
thereby enhancing the understanding of their nesting 
behavior thus promoting their conservation.
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The reef system provides a physical barrier, ecosystem 
services for fisheries and shoreline protection. The 
livelihood of fishermen on the Mahafaly coast (southwestern 
Madagascar) depends on it. Data on the evolution of the reef 
system health and the causes of its perturbation provide 
important information to ensure their management. On 18 
stations situated in 9 villages, a reef monitoring was realized 
every two years from 2011 to 2016. Some parameters were 
considered as corals cover (hard coral, soft coral, dead 
coral) and algae cover (macro algae, incrusting algae and 
turf algae). In addition, data obtained was combined with 
climatic data like sea surface temperature and rainfall. The 
results show that coral and algae cover and its evolution 
vary according to stations. In general, a decrease of hard 
coral, soft coral, macro algae, incrusting algae cover are 
observed and an increase of turf algae are noted between 
2011 to 2016. The contribution of climate on these results 
is yet unclear; reef monitoring data is still insufficient to 
evaluate the effect of the sea surface temperature and 
rainfall on the reef. The evolution of coral and algae cover 
is very complex; many factors (human, physical or climate 
factor) can contribute on it. To have details information, reef 
monitoring must be done more regularly (two per year: 
during the dry and the wet season). 

Keywords: reef system, reef monitoring, coral cover, 
algae cover, climatic data, Mahafaly seascape 
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Avicennia marina is an ecologically important mangrove 
tree species that is widely distributed. More information 
is needed in order to understand the level and 
distribution of genetic diversity of mangroves in general. 
This will positively contribute to how and where effort 
and resources should be focused for its sustainable 
management and conservation. The aim of this study 
was to determine the population genetic structure of 
Avicennia marina from Mozambique. A total of 80 samples 
were collected, twenty per study site, at Costa do Sol 
(CS), Inhaca Island (II), Bons Sinais Estuary (BSE) and 
Pemba-Metuge (PM). We developed and made use of 
10 polymorphic microsatellite loci for the population 
screening. The overall level of polymorphism detected 
was relatively high with 4 - 24 alleles detected for each 
locus. Amova tests were performed for all possible 
groupings and 91 to 95% of the variation was located 
within populations. Pairwise FST comparisons where all 
not significant. The grouping with highest FST value was 
(PM + CS + BSE) + II, with 91% of the genetic variation 
within populations. No isolation by distance (R 2 = 0.0041 
and p = 0.46) was detected. Structure results suggested 
the presence of a single population after independent 
clustering of all samples. Further exploration of the 
spatial structuring through PCoA suggested a grouping 
pattern among samples, with the first axis and the second 
axis accounting for 61,32% and 27,68% of the observed 
variation, respectively. The results suggested high levels 
of gene flow for A. marina along the cost of Mozambique. 
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Marine Protected areas (MPAs) have the potential to 
enhance fisheries through transport of larvae or by 
a net emigration of adult and juvenile fish to adjacent 
fished areas. A network of appropriately located 
MPAs will have the potential to re-seed fished areas 
and other MPAs. Connectivity studies are therefore 
important to assess the effectiveness of a network of 
MPAs, and to determine the spatial scale neccessary for 
spillover effects. The principle aim of this study was to 
determine the potential for Kenyan MPAs to re-seed 
adjacent fishing zones by evaluating the levels of genetic 
differentiation of populations of Lethrinus mahsena, 
a commercially important fish, along a continuum of 
protected and non-protected sites. Fish samples were 
collected from Mombasa Marine Park and its adjacent 
fished reserve, the Kisite Mpunguti Marine Park, its 
adjacent reserve, and the neighbouring fishing grounds. 
The sites spanned a total of >200km. Total length and 
weight of the fish from the sites and fin clips from one 
of the pectoral fins were collected and preserved in 
90% ethanol. Genomic profiles for each sample were 
obtained through Genotyping by Sequencing (GBS) 
using DArT markers. Results from population structure, 
diversity and admixture analyses indicated very low 
genetic differentiation (FST=0.00184, P>0.05) and low 
population sub-structure between samples obtained 
from the study locations implying free exchange of fish 
across the study sites. Inbreeding was moderately high 
(FIS=0.15, P <0.05) in the marine park, indicating high 
relatedness and probable limited mating options for the 
fish due to a small population size or spatial restriction. 
The lack of genetic differentiation between protected 
areas and open fishing grounds is indicative of genetic 
connectivity for the sky emperor. This reinforces the 
significance of maintaining protected areas to serve as 
breeding and spawning grounds of fish without adversely 
affecting the livelihoods of communities that depend on 
the various fisheries linked to MPAs. 
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Téléphone: +258 85 053 7456 Abstract : This study was 
conducted at Andraikiba Lake (Antsirabe, Vakinankaratra) 
from December 2017 to January 2018. It enquires to 
physical and chemical parameter analysis, cyanobacteria’s 
diversity and the risk likely caused by the species which 

have been found there. The lake is a volcanic crater and 
has 5km circumferences, 51m maximal depth, and is 
the principal water source of Antsirabe’s town. Eleven 
genres of cyanobacteria were found in the lake and seven 
amongst them have stump toxins production as four of 
them were responsible of health problem leading to 
mortality in some countries. Andraikiba have a low risk 
of bloom or toxicity, but it is anticipated that phosphor 
spread by detergent and other mineral erosion will be 
the future problem of the lake. Some activities must 
be prohibited on the lake and cells density evolution 
have to be controlled to ensure the sanitary security of 
Antsirabe consumable water. 

Keywords: Cyanobacteria, Andraikiba lake, Cyanotoxin, 
Diversity, Risk
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Background 

The level of the sea is constantly changing, positive 
and negative and often influenced by man. For you to 
take an analysis of extreme sea level events, sea level 
change requires a full approach and planning, design and 
maintenance of coastal zones in defenses and related 
risk management strategies. Several authors speak of the 
importance of studying the vulnerability of the occurrence 
of extreme sea level events negatively impacting the 
coast. The perspective is to subsidize that activities 
aimed at knowledge, planning and management of natural 
resources in these regions become extremely important 
as they provide a better understanding of the complex 
range of ocean-continent-atmosphere interaction. In 
general the paper shows a more descriptive description 
of the occurrence of events from 2002 to 2013. 
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Methods 

Our approach consisted in evaluating the analysis of extreme 
sea level events on the Mozambican coast, using a system 
of southern representativity (inhambane), (Beira) center 
(Pemba) 2002-2013 using specific software made available 
through the C-RISe project (www.satoc.eu/projects/c-rise), 
analyzing the positive and negative events with the task and 
excel program in order to calculate the monthly and annual 
averages and quantify them in the study years. data from 
the Research Quality Data Set (RQDS) of the University of 
Hawaii Marine Level Center (UHSLC) that are in the files 
operated by INAHINA. 

Results

It is observed how the extreme events have been shown in 
this series in analysis for the station inhamabe (south) year 
in analysis, there were 9 extreme events, with 6 positive 
and 4 negative events, in which only 2 were greater than 
+ 2 standard deviation which are called tropical cyclones. 
characterization of the extreme events associated with sea 
level rise at the Beira (center) station, there are 11 extreme 
events, the most significant being 5 and above + 2 positive 
standard deviation. The period of February and November a 
occurred a significant storm end when reaching a height of 
≥0,6 m of the level of the sea. Pemba 2007 there were more 
lifting events, with the month of September showing more 
elevation, and in the first 3 months there were no elevation 
events, however for the month of April to December, 
they occur with little magnitude. Showing if negative and 
sometimes equal to zero, from 2009 to 2013. 

Conclusions 

It was observed that the Inhambane season in the summer 
and in the winter was finding significant variations, both 
positive and negative of the meteorological tide, which 
dictates the occurrence of extreme intercontinental 
variations in the occurrence of extreme events of over 
elevation in the distributions along the stations. a trend 
of greater concentration of negative extremes in summer 
and positive in summer and winter, which has a typical 
behavior, as regards Pemba only the years 2007 and 2008 
shows great variation with the years, which show little 
variation over the years.
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Background

Marine mammals, turtles and elasmobranchs occurring 
in the Western Indian Ocean are under threat from a 
range of human impacts, including direct and incidental 
harvesting. The MASMA-funded BY-Catch Assessment and 
Mitigation in Western Indian Ocean Fisheries (BYCAM) 
project undertook studies to estimate the extent of these 
catches, particularly in small-scale fisheries, and also sought 
to mitigate catches of these vulnerable megafauna. Turtles 
occur in prawn trawl catches throughout the WIO region, 
and one component of the BYCAM project examined the 
feasibility of reducing trawl catches of turtles, by trialling the 
use of Turtle Excluder Devices (TEDs) in the Kenyan trawl 
fishery. TEDs enable turtles and other large organisms to 
escape from the trawl during fishing, thereby reducing their 
mortality. This followed a comparison of historical TED 
versus non-TED research trawl catches, undertaken earlier 
in the BYCAM project, which identified that other factors 
needed to be considered when the trials were undertaken. 

Methods

Notwithstanding that the use of TEDs has been compulsory 
in Madagascar since 2007, expertise in the manufacturing, 
installation and tuning of TEDs is lacking in the region, so 
this was sought elsewhere. A fishing gear specialist was 
contracted because he had TED experience from multiple 
countries and he had already had some interaction with 
the trawling industry in Mozambique, during attempts to 
undertake TED trials there in 2015 and 2016. A Kenyan 
trawling company proved amenable to undertaking trials, 
which commenced in April 2018. The TED chosen has 
been used in the long-standing US National Oceanic 
and Atmospheric Administration (NOAA) Bycatch 
Reduction Devices and Testing Protocol. A local company 
skilled in aluminium design and manufacturing was able 
to manufacture the TED using the NOAA specifications 
provided by the gear specialist. A boom trawler with 
a trawl net deployed from each side of the vessel was 
chartered, and several preliminary hauls and adjustments 
of the gear were undertaken to ensure that there was no 
bias between the two nets. The trials involved alternating 
the TED from one net to the other every five hauls, and 
recording catches from the two nets separately. Tows 
occurred during daylight and the trawls were retrieved 
after two hours; trials took place on the Malindi-Ungwana 
Bay trawl grounds. Apart from testing the efficacy of the 
TED in eliminating turtles in catches, the null hypothesis 
tested was that the mean catch rate of prawns and fishes 
in the control net (without a TED) was not different to 
that of the experimental net (with a TED). A minimum 
of 30 valid trawls was planned to conform with NOAA 
protocols and to ensure the robustness required to 
undertake paired t-tests of the comparative catch rates. 
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Results

No turtles were caught in the 73 hauls undertaken. The first 
23 hauls were used to ensure that the TED was working 
correctly and that there were no potential biases in catches 
between the two trawls. The following 30 hauls (the 
minimum for the formal trial) were undertaken while the 
gear specialist was still on board, and the last 20 hauls with 
akmFRI technician on board to monitor catches. Discarded 
catch represented 51.8% of the total and was composed 
of small, unmarketable species and very small individuals of 
marketable species. There were insubstantial (range of 1-7%) 
and non-significant differences in catch rates of most catch 
categories between the TED and non-TED trawls. Of the 
two categories of prawns, one was slightly increased in TED 
trawls, the other was slightly reduced. The small retained fish 
and discard categories were slightly reduced in TED trawls. 
Elasmobranch catches were very low, mainly comprised 
very small individuals and were not different between TED 
and non-TED trawls. This pattern was consistent except for 
the catch rates of small retained fish which were slightly and 
significantly lower in the TED trawls when the specialist was 
not on board. However, catch rates of the large retained 
fish category were substantially greater in nonTED trawls. 

Conclusion

After several initial tows, the TED installation was seen to be 
functioning well after several adjustments were made, and 
the crew had little difficulty with its operation after they had 
been trained on its installation, operation and maintenance, 
including swopping it from side to side. The local industry 
expressed their satisfaction with the trials. Notwithstanding 
that no turtles were caught, the TED used in these trials 
has demonstrated its ability to exclude turtles in prawn 
trawl fisheries in many other countries. Further, it was 
demonstrated that the potential loss of the valuable prawns 
by the TED can be precluded. Hence it is recommended that 
TED implementation activities in currently non-compliant 
countries in the region should be encouraged and facilitated 
by relevant management agencies. This can be advanced by 
in time by formal application to NOAA for certification 
and technology transfer support. During the trials, it quickly 
became apparent that retaining of fish is an important part of 
the Kenyan fishery, which has implications for management 
i.e. it is not just a prawn trawl fishery, and should be managed 
accordingly. The loss of valuable larger fish by the TED can 
be mitigated with additional gear modifications, and these 
need to be explored. The limited catches of elasmobranchs 
in the observed trawls is concerning, particularly given the 
scale of catches of these organisms by small-scale fisheries, 
estimated by other components of the BYCAM project. 
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Accurate information on catches and fishing effort is 
necessary to facilitate sustainable fishery management. 
Both the time and the location of fishing operations of 
industrial vessels can usually be identified using automatic 
speed records from Vessel Monitoring System. However, 
such monitoring systems are not operational in most 
small-scale fisheries in developing countries, which makes 
fishing effort estimation challenging. To address this issue, 
we carried out a tracking study in 2017 in the coral reef 
fishery in the Toliara bay (southwest Madagascar), where 
fishermen make daily trips with traditional sailing boats 
(outrigger canoes) and use three main gears: mosquito 
seine nets, gillnets, and hand line. We monitored the 
movements of 14 boats (mosquito seine nets: 8 ; gillnet : 4 ; 
hand line : 2) using portable GPS trackers. Each GPS tracker 
recorded boat positions at 30-second intervals to detect 
rapid change of fishers’ activities. The study was composed 
of two parts. On the one hand, an on-board observer 
recorded the nature, time, and duration of all fishing and 
nonfishing events during 29 trips of those boats (mosquito 
seine nets: 11; gillnet : 9 ; hand line : 9) in a logbook, using a 
watch synchronized with GPS time. These visual on-board 
observations allowed us for determining the typical shape 
of fishing trajectories of each gear, including fishing and 
non-fishing events. This result showed that fishing and 
non-fishing events would be accurately detectable on 
gear-specific trajectory patterns using a mapping system. 
On the other hand, boat movements were monitored for 
about 45 additional days without on-board observation, 
which generated 193 additional daily trajectory records 
(mosquito seine nets : 114 ; gillnet : 54; hand line : 25). 
Each single GPS position of those trajectories was then 
visually classified into a fishing or non-fishing event using 
a GIS, based on the typical spatial patterns that had been 
described for each gear. 
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For up-scaling that monitoring system, an automatic 
procedure of fishing event identification was then 
developed. All trajectory data was used to train four 
common machine learning models (i.e., generalized 
linear model, support vector machine, classification and 
regression trees, and random forest). The covariates 
used for model predictions were defined to account for 
the local speed and shape of the trajectories. They were 
calculated at each GPS position (hereafter point i), as 
follows: 1) area of the convex hull of the polygon obtained 
by connecting point i and the five, six, seven, height, nine, 
and ten previous points, 2) area of that polygon divided by 
the square of the polygon’s perimeter, 3) number of GPS 
positions within a 20-m, 40-m, 60-m, 80-m, 110-m, 150-m, 
and 180-m radius circle centred at point i, and 4) average 
speed computed using the last two, three, four, and five 
GPS positions. Finally a cross validation procedure was 
performed to derive the three model prediction quality 
criteria: accuracy (i.e., proportion of correct fishing and 
non-fishing events), sensitivity (true positive rate), and 
specificity (false positive rate). The results showed that 
the quality of the model predictions was very high for 
each gear. The random forest model performed better 
than other learning models: the model predictions for 
mosquito seine net, gillnet, and hand line achieved an 
accuracy of 89%, 91%, and 92%, respectively, a sensitivity 
of 93%, 95%, and 95%, respectively, and a specificity of 84%, 
84%, and 85%, respectively. The learning model therefore 
allowed for automatically and accurately detecting fishing 
events and non-fishing events of all boats’ trajectories. 

We provided a methodological framework for processing 
large data sets of fine-scale boat movements, so as to 
estimate and to map effective fishing effort in small-scale 
fisheries. This framework would be applicable to other 
fishing gears and other small-scale fishery contexts. 

Keywords: Southwest Madagascar, small-scale fishery, 
effective fishing effort, GPS tracker, learning method, 
trajectories 
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The Tsimipaika Bay is part of the country’s largest 
mangrove ecosystem, located in the northwest of 
Madagascar and covers an area of 40,000 hectares. The 

bay is a major traditional fishing ground, supporting 
people’s livelihoods and supplying the main fish markets 
of the northern regions. The bay is a hotspot for marine 
biodiversity yet the anthropogenic pressures make it 
a regional management priority for fisheries. In 2015, 
communities and other stakeholders worked with Blue 
Ventures to establish a Fisheries Management Plan. As part 
of this process, community based fisheries monitoring 
was implemented to understand fisheries dynamics within 
the bay and inform appropriate management measures. 
Surveys were carried out at nine commonly used landing 
sites throughout the bay, with 14 community data 
collectors observing landings four days a week between 
2015 and 2017. Data collectors recorded the species 
landed, total catch weight (g), length: weight ratio, fishing 
effort and market prices for fish, crab and sea cucumber. 
In addition, participatory mapping was performed for 
each fishery to identify fishing sites and habitat types. 
The traditional fishery in the bay is characterized by 
non-motorized canoe and there is a nonselective, multi-
gear, multi-species fishery. Catch per unit effort varied 
between gear used and targeted species. Landings data 
showed that catches were comprised of 125 species of 
fish, with more than 50% of landed biomass comprised of 
just 3 species; Spotted Herring (Herklotsichthys punctatus) 
34.33%, Indian Mackerel (Rastrelliger kanagurta) 13.25%, 
and Round Herring (Spratelloides delicatulus) 10.46%. 
Crab landings were comprised of just one species the 
mangrove mud crab (Scylla serrata) and one species, 
the sandfish (Holothuria scabra) contributed to 94% of 
landed weight of sea cucumbers. All fish products are 
consumed locally or nationally whilst mud crab and sea 
cucumber is mostly exported. Participatory mapping and 
community consultations resulted in the delimitation 
of a local management unit and identified priority 
habitats for conservation. The data indicate that the 
use of unsustainable gears and fishing practices such as 
seine nets and hooks for crab fishing are common. In 
addition, catches of juvenile crabs (14.49%) are high and 
remains a threat to small scale fisheries in Tsimipaika Bay. 
Participatory monitoring is a critical first step toward 
community-led management. Data collection generated 
information to update the fisheries diagnostic and better 
characterize threats as well as identify and discuss 
management opportunities with all stakeholders. All data 
were analyzed and results were presented using simple 
visualizations to facilitate community understanding. 
Results of monitoring are disseminated periodically 
with communities in order to discuss issues and design 
and adapt management measures. This has led to the 
development of an integrated fisheries management plan 
adopted by all stakeholders in May 2018. 
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Mayotte Island is located in Comoros archipelago and 
shelters multispecific meadow where nine seagrass 
species inhabit and which are frequented by their 
grazers the green turtle (Chelonia mydas) and more 
rarely by the dugong (Dugong dugon). With the 
increase of demography and coastal activities, the 
conservation of this threatened lagoon habitat and 
associated endangered megafauna represent a key 
issue. Mayotte recently became a French department, 
and subsequently a marine park was created in 2010 
with the aim to preserve marine biodiversity. Also, 
as an outermost region of European Union, the 
Water Framework Directive applies for water quality 
assessment and management. These public policies 
require the implementation of adapted protocols and 
indicators for seagrass beds monitoring in Mayotte. 
To select the most relevant parameters that will 
constitute them, we study anthropogenic pressure 
impacts relationships on seagrass habitat. To achieve 
this, 18 stations were sampled between the two dry 
seasons 2017 and 2018 : intertidal mixed seagrass beds 
dominated by Halodule uninervis and Thalassia hemprichii 
were studied under contrasted environmental 
conditions related to water quality degradation (i.e. 
nutrients inputs, organic matter, metal pollution 
and sedimentation). Biotic and abiotic parameters 

representing most of the seagrass beds compartments, 
based on existing knowledge on biological response 
pressure, have been collected. As expected, seagrass 
density is low in very disturbed sites. In this location 
the main difficulties was the acquisition of structural 
and landscape parameters that show its limits in 
sparse seagrass beds. The first data on physiological 
level (C, N, δ 13C and δ 15N) in T. hemprichii leaves 
does not reveal differences across sites. Ongoing 
data analysis will assess the relevance of selected 
parameters for Mayotte seagrass monitoring of each 
program. On this context of multiples disturbance, the 
development of seagrass beds bioindicators to assess 
water quality for the WFD constitute an important 
challenge. The development of these methodological 
tools will improve seagrass beds and environment 
management and contribute to local and regional 
seagrass monitoring networks as the Western Indian 
Ocean seagrass network.

ORAL – Wednesday, LT2, 1200
Social-ecological domains of the seagrass-
associated invertebrate gleaning fishery in 
Zanzibar, Tanzania 

FELICITY PIKE1, JOHAN EKLÖF1, BENJAMIN JONES1,2, 
NARRIMAN JIDDAWI3, RICHARD UNSWORTH2,4, 
Leanne Cullen-Unsworth2,5, Maricela de la Torre 
Castro6, Lina Mtwana Nordlund7 

1Department of Ecology, Environment and Plant 
Sciences, Stockholm University, Sweden 
2Project Seagrass, 33 Park Place, Cardiff, CF10 3BA, UK. 
3Tropical Center of Oceanography, Environment Science 
and Natural Resources, State University of Zanzibar 
(SUZA), Zanzibar, Tanzania 
4Seagrass Ecosystem Research Group, College of 
Science, Swansea University SA2 8PP, UK 5Sustainable 
Places Research Institute, Cardiff University, 33 Park 
Place, Cardiff, CF10 3BA, UK. 
6Department of Physical Geography, Stockholm 
University, Sweden 
7Department of Earth Sciences, Natural Resources and 
Sustainable Development, Uppsala University, SE-621 57 
Visby, Sweden.

Email: felicitypike@outlook.com

Seagrass meadows are globally important for boosting 
fishery productivity thereby providing livelihood and 
food sustenance opportunities. Throughout the Western 
Indian Ocean, and elsewhere in the tropics, invertebrate 
gleaning is an important livelihood for women in coastal 
communities. The activity typically targets invertebrates 
by searching shallow water on foot, with little-to-no 
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gear. Despite its importance for sustenance and income 
generation for gleaners, gleaning frequently remains 
absent from management and conservation agendas. This 
study confirms the critical role of seagrass in supporting 
invertebrate diversity and abundance in key gleaning areas 
in Zanzibar, Tanzania, as well as characterising the societal 
elements and managerial considerations underlining the 
fishery. The major stages of the study were to (i) investigate 
the importance of seagrass for enabling invertebrate 
diversity, (ii) establish whether certain seagrass parameters, 
i.e. dominant species or area coverage, are related to higher 
invertebrate abundance, (iii) understand the role of the 
fishery in the subsistence of gleaning communities and, 
(iv) gain perspective on participants’ preferences towards 
management strategies. We applied a multidisciplinary 
approach through the use of ecological surveys, landing 
surveys, and focus groups discussions to examine the social-
ecological domains characterising the gleaning activity within 
two locations; Nyamanzi and Unguja Ukuu. Fishery landing 
surveys were in accordance with those established by the 
Indo-Pacific Seagrass Network. The field inventory revealed 
an overall higher number of species in seagrass-dominated 
sites, compared to reference unvegetated areas. Landing 
surveys and focus groups also reported seagrass meadows 
as being the preferred gleaning habitat within the seascape, 
as well as the habitat where catches of greatest monetary 
value can be attained. A slight positive relationship was 13th 
February 2019 2 also observed between total seagrass 
coverage in sampled areas and invertebrate abundance 
(r = 0.31, p <0.05). Invertebrate abundance was also high 
in the unvegetated bare sand and mud areas. Sixty-one 
percent of interviewees reported sand and mud habitats to 
be one of their preferred gleaning grounds choices – with 
valuable species, such as tiger cowries (Cypraea tigris) and 
the ramose murex (Chicoreus ramosus), named as frequently 
caught species in these areas. This study also drew focus 
towards a need to account for differing preferences and 
social contexts between gleaning communities, in respect 
to developing management agendas through focus group 
discussions. In summary, an inclusive community-based 
strategy would be advisable accounting for certain aspects 
including the closeness of communities, the likelihood of 
conflicts with other coastal resource users and nearby 
communities, as well as perceptions and past experiences 
with certain strategies.
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Background 

Knowledge of connectivity, the exchange of individuals 
among populations through dispersal or migration, is 
of great importance for Marine Protected Area (MPA) 
spatial planning. In a tropical marine context, optimally 
spaced MPAs provide a spill-over effect to adjacent 
nonprotected areas, enhance resilience through 
connectivity among protected areas, and maximally 
represent species and genetic diversity. Most coral reef 
associated organisms are relatively sessile as adults 
but experience a pelagic larval phase of days to weeks. 
As a consequence, connectivity among tropical marine 
populations is almost exclusively realised through 
larval dispersal. Demographic connectivity describes 
the contribution of new recruits from different source 
populations to local replenishment and provides 
essential information for Marine Protected Area 
spatial planning. Obtaining demographic connectivity 
information by tracking the movements of small larvae 
in the ocean remains technically challenging, but in 
the last two decades, much progress has been made. 
Direct measurements of demographic connectivity 
have provided variable levels of self-recruitment 
(larvae returning to their home reef) and average 
larval dispersal distances. Although various factors 
such as sea surface currents, larval behaviour, pelagic 
larval duration, paternal effects, habitat fragmentation, 
and stochasticity, have been cited as potentially 
influencing these processes, their influence has rarely 
been tested explicitly. Here, we test the influence 
of reef health, dominant sea surface currents, and 
parental size on self-recruitment and larval dispersal 
in the skunk clownfish, Amphiprion akallopisos, using a 
combination of parentage analysis and oceanographic 
and environmental information. 

Methods 

Tissue samples of a total of 3,225 individuals (1,777 
adults and 1,448 juveniles) were collected at 14 different 
reefs in the vicinity of Unguja Island, Tanzania and 
genotyped using a set of 13 microsatellite markers. Each 
individual was measured, and adults and juveniles were 
distinguished based on body length. Parentage analysis 
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was performed using the software package FAMOZ, 
identifying individual juveniles as offspring of specific 
adults based on shared alleles. Reef health was assessed 
on six reefs (Chumbe, Nyange, Pange, Bawe, Chapwani, 
and Changuu) using the following indicators: abundance, 
biomass and Kommentar [YA1]: Word font of the whole 
text:  Times New Roman, spacing: Exactly 15pt title: word 
size:14, bold. (Each first letter should be capitalized) 
species diversity of three different types of (grazing) 
reef fish, sea urchin abundance, live coral benthic cover, 
and heavy metal concentration in the sediment. This 
allowed to classify these reefs in three groups: healthy, 
intermediate and degraded. Based on parent-offspring 
relationships, individual larval dispersal trajectories were 
inferred. Besides the influence of reef health on larval 
dispersal distances, we assessed the influence of parent 
length and local oceanography (the dominant sea surface 
current as described in literature) on self-recruitment 
and dispersal. 

Results 

In total, 1,320 juveniles (91.2%) were assigned to an 
adult in the dataset as their parent. Self-recruitment 
was on average 21.3% but was significantly higher on 
healthy reefs than on intermediate and degraded reefs 
(26.2% compared to 14.1% and 11.7% respectively). 
Self-recruitment was also positively correlated with 
adult population size. To tease out the influence of adult 
population size, we calculated the number of self-recruits 
per adult per year. After conversion, the healthiest reefs 
still had significantly higher self-recruitment rates. All 
reefs were well connected through larval dispersal, but 
we detected no directionality in this dispersal. There 
were not significantly more individuals that dispersed to 
the North (the dominant sea surface current direction) 
than to the South in the Zanzibar Channel, nor were 
dispersal distances in northern direction longer than in 
southern direction. Finally, parents of self-recruits were 
on average not larger than parents of dispersers. 

Conclusion 

Self-recruitment was on average 21.3%  and was significantly 
higher in healthy reefs compared to more degraded reefs. 
Levels of self-recruitment were positively correlated with 
adult population size. Sea surface currents and parental 
size did not have a significant influence on larval dispersal. 
Both reef health and the presence of conspecifics have the 
potential to emit auditive and chemical cues that could 
have an influence on the behaviour of settling fish larvae, 
increasing the attractiveness of coral reefs to settling 
larvae and enhancing settlement. How these two attractive 
forces are related to each other and what their relative 
influence on the settlement process is, remains an open 
question that deserves more attention. We conclude that 
environmental factors could influence larval behaviour, 
which in turn could influence self-recruitment and 
dispersal and urge scientists to incorporate environmental 

information and its potential influence on larval behaviour 
in modelling approaches to predict larval dispersal based 
on oceanography.
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Started from the mid-1990s in Madagascar, the culture of 
tropical red seaweed is becoming a permanent source of 
income for many coastal communities. Two species are 
in production: Kappaphycus alvarezii (tambalang variety, 
which is currently exploited and sacole variety, still in the 
experimental stage) and Euchema Spinosum. These algae 
are an important source of carrageenans, polysaccharides 
which serve as a thickening and stabilizing agent in the food 
and cosmetics industries. The aim of the present study is to 
evaluate the carrageenan’s rates extracted from those algae 
and to analyze their strength and viscosity. As methodology, 
10g of samples of each species or variety were taken 
from the seaweed cultivation field, based in Tulear Bay. At 
the laboratory, the samples were cut and dried in an oven 
(60°C, 48h), mixed with pharmaceutical alcohol (90°C) and 
passed to the thermostatic bath (90°C, 4h, with stirring). 
Once the extraction is done, the strength and the viscosity 
of the gel are measured respectively using a force bench 
and a viscometer. The results showed that the carrageenan’s 
rate in E. spinosum was higher (43.3%) compared to those 
obtained from K. alvarezii (29.7% and 31.7% respectively 
for tambalang and sacole). Regarding qualitative values, 
Spinosum in the gel state being fluid, its gel strength was 
negligible (0.001 N.m-2) compared to that of K. alvarezii 
(0.13 N.m-2 +/- 0.035 and 0.26 N.m-2 +/- 0.1 respectively for 
tambalang and sacole). Finally, at a temperature above 65°C 
the viscosity of Spinosum reached 27.5 cP though it is only 
3cP for tambalang and 19 cP for sacole. Compared with K. 
alvarezii, E. spinosum has a higher carrageenan content and 
viscosity and proved therefore to be promising for local 
transformation in cosmetics. 

Keywords: red seaweed, carrageenan, carrageenan’s 
rate, K. alvarezii, E. spinosum
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An interplay of physical and biological processes in 
the oceans are known to drive the productivity of 
the marine ecosystems, thus providing food, sustaining 
fisheries and other economic and ecological services 
of great importance to the society. In the western 
Indian Ocean (WIO), along the Tanzanian coast, this 
is not an exception: the majority of the population 
rely entirely on artisanal fishing for subsistence. In 
fact, more recently regional and international efforts 
have been coordinated to study in greater details the 
productivity of the East African Coastal Current, driven/
enhanced by the developments and evolution of coastal 
upwelling phenomena. Therefore, as part of the IIOE-
2, in June of 2018, the South African research vessel 
“Agulhas II” surveyed the WIO region, with special 
focus on the inner continental shelf along the Tanzanian 
coast, and the Comoros Basin. Casts of Conductivity 
Temperature Depth (CTD) instrument, attached with 
biological sensors were deployed at 40 pre-defined 
oceanographic stations. In this study preliminary results 
from a sub-sect of 19 stations along the Tanzanian coast, 
between Tanga and Mtwara towns, known as “hot-
spots” of strong upwelling events are presented. These 
datasets provide value contribution and can be used for 
evaluation of numerical models of the region. 

Keywords: Coastal upwelling, productivity, ecosystems, 
oceanography, continental-shelf. 
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There is a diversity of seamounts in the West Indian Ocean, 
along the “South West Indian Ridge”, the “Mozambique 
Plateau”, the “Madagascar Ridge”, or the Ride des 
Mascareignes. Sometimes described as “seamount” or 
“plateau”, or “banks”, on the continental shelf, or beyond 
it, well known or not, seamounts are considered as 
biodiversity hotspots that deserve special attention. Some 
of these represent the place to be to maximize living 
pelagic and benthic resources exploitation. For the natural 
sciences, a seamount is a topographic and ecological unit, 
for the fishing sector a windfall. From the Law’s point of 
view a seamount has no legal status per se. Does it mean 
that there are no rules of national or regional governance? 
No, but there is no governance specially dedicated to the 
seamounts as legal object. The existing governances are 
not to “govern” species or ecosystems, but operators 
and uses at sea. Administration of geo-morphological 
structures (seamounts, creases, flaws) cannot be designed 
in complete freedom, neither for the State, nor for RFMOs. 
Any such administration, whatever its motives, must be in 
line with the two following tenets on which it depends: the 
International Law of the Sea and the Marine Environmental 
Law. Attention must be paid to legal status of the space 
where the seamount is located (water column and what it 
contains, underwater soil situations), to the species legally 
protected or not found on the seamounts and in their 
surroundings (Environmental Law of the species), to certain 
particularly fragile ecosystems sheltered by the seamounts. 
Those elements are playing a critical role in governance’s 
options, which must evolve to go through more regional 
processes to integrate a set of seamounts left outside legal 
protection because located beyond the limits of the State’s 
jurisdiction, and to bring some answer to the difficulties 
for a State, alone, to manage a network of seamounts 
scattered in EEZs. Biography: For The French Research 
Institute for Development (IRD), Mrs Florence Galletti 
is Senior Research Fellow (Public and Development Law, 
International Law of the Sea) with publications focused on 
deep or surface marine & coastal resources both in areas 
under jurisdiction or beyond national jurisdiction. She is also 
Senior Lecturer in international Law of the Sea and Fisheries, 
and in marine Environmental Law, at several Faculty’s 
Departments of Law or of specialized marine sciences at 
the University of Perpignan Via Domitia or others French 
universities. As Indian Ocean’s FARI membership, she 
works on the Governance of the South West Indian Ocean 
Seamounts after was on board of the oceanographic vessel 
“Marion Dufresne”, during the project “Conservation and 
sustainable exploitation of seamounts and hydrothermal 
vent ecosystems of the South West Indian Ocean outside 
of national boundaries” funding by The French Facility for 
Global Environment FFEM & IUCN. 
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Background 

Discards are the part of the non-targeted catch that 
is thrown overboard fishing vessels. Catch may be 
discarded because: i) the quota has been exceeded, (ii) 
there are undesired species, juveniles and small sized 
organisms (iii) they are illegal species (iv) the species 
have no commercial value and offal from fish processing 
on board the vessels. Discards from commercial fisheries 
are a major conservation concern globally because they 
comprise of mostly of juvenile fish, thus considered 
unsustainable and a waste. In addition, discards have a 
potential of modifying ecosystems through food webs. 
Studies on fisheries discards in the Western Indian Ocean 
region are few. In Kenya, prawn trawling has been going 
on in the Malindi-Ungwana Bay for over four decades 
now, but the discards from trawling have remained to 
be a sensitive issue. Since 2016, data on discards from 
the commercial fishing Industry has been collected. In 
this study, discards from Prawn trawling fisheries from 
Malindi-Ungwana Bay was evaluated. 
Methods 

Semi-industrial prawn trawling operates within the Malindi-
Ungwana Bay between latitudes 3°30°’S and 2°30’S and 
longitudes 40°00’N and 41° 00’N covering the Malindi and 
Ungwana Bay Complex. The depth increases rapidly to 100 
m after 7 nm and generally decreases northwards. The area 
has one of the most productive marine fisheries in Kenya 
as a result of the topography of the continental shelf in the 
bay and inflow of fresh water from the two rivers Sabaki 
and Tana that drain a large part of the central and eastern 
regions of Kenya. Since 2016, data on discards from the 
Industry was collected through the Observer Programme, 
in accordance with the Prawn Fishery Management Plan 
and as per the regulations of the regulations of the Regional 
Observer Programme. Weights, species composition, 
diversity and trophic groupings of discards were analysed. 

Results 

Over the three years assessed, 2017 had the highest 
amount of discards and in 2018, there was 61% reduction 
on discards. The mean discards/trawl ranged from 67 to 
126 Kg/trawl. The Indian Pellona, Pellona ditchela was the 
most abundant in the discards. Other abundant species 
included Trichiurus lepturus and Secutor insidiata. Discards 
from prawn trawling fishery comprised of over 100 fish 
species and other non-fish resources. The most abundant 
trophic group comprised of predators. 

Conclusion 

It is important to monitor discards because a section 
of the resource is harvested and wasted. Discards 
have a potential of modifying ecosystems through food 
webs, as they provide a readymade source of energy to 
opportunistic or scavenger species. Kenya can device 
a sustainable management regime for the discards. 
Utilisation of discards has been considered, with proposal 
that the local communities benefit from this resource.
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Due to limited resources and the high species richness 
observed in coral reefs, scientists and managers have to 
focus monitoring activities on a subset of taxa. Here, in the 
context of the SIREME project (10th EDF Indian Ocean), 
we investigated the functional structure of wilderness 
coral reef fish assemblages of the Western Indian Ocean 
(WIO) : Mayotte and the Îles Éparses, Mozambique 
Channel. By studying the relationship between function 
importance and vulnerability, we illustrate an approach 
useful to characterise particular species and populations 
as conservation priorities. We evaluated the functional 
diversity (FD) and vulnerability of fish assemblages 
in various coral reefs in the WIO. Fish species were 
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described using six functional traits. Functional entities 
(FEs) were defined as unique combinations of these 
traits, with each species belonging to a single FE. We 
used biomass as a proxy for measuring the importance 
of FEs and functional vulnerability using the distribution 
of species, individuals and sensitivity to fishing across 
FEs. By combining information on vulnerability and 
importance, we identify FEs – and thus species – that 
are priorities for future monitoring and conservation 
actions. Using beta-diversity measures, we evaluated the 
congruence of functional conservation priorities across 
assemblages. A total of 398 species distributed among 
162 FEs were identified. We found that the distribution 
of species and individuals within these FEs was uneven, 
and that many FEs appear vulnerable to the loss of 
species or individuals. The beta-diversity of priority 
FEs was found to be moderate or high across the six 
assemblages. The functioning of reef fish assemblages in 
the WIO is highly vulnerable to the loss of species and 
individuals. Because priority FEs are dissimilar across 
islands, management measures should be adapted to each 
system. We show that the approach adopted in this study 
is useful for identifying priority species for conservation 
and management purposes in coral reefs.
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Background 

Assessing marine biodiversity has always been a challenge. 
Most of our knowledge about marine biodiversity comes 
from wide 19th and early 20th century expeditions that 
trawled around the world (such as HMS Challenger, 
1872-1876, or the International Indian Ocean Expedition, 
1959-1965), collecting masses of often damaged 
specimens that were sent dried or in formaldehyde to 
European or American museums. Such campaigns have 
become rarer nowadays, due to their financial and 
human cost, but also to a greater understanding of their 
ecological effects. Modern environmental regulations 
and international treaties (such as the Nagoya protocol 
since 2010) have made difficult to carry on conventional 
inventories involving massive trawling and shipping of 
marine life. But at the same time, the progress of scuba 
diving, underwater photography, naturalist knowledge, 
citizen sciences and genetics have opened new ways 

of assessing the biodiversity of an ecosystem. Hence, 
combining today’s opportunities may render biodiversity 
inventories even more efficient than classical ones, while 
having minor effect on the environment and being more 
cost-effective. The aim of the present paper is to provide 
an integrated method for biodiversity assessment and 
inventories in Indian Ocean countries with little scientific 
facilities, dwelling on experiences from Réunion and 
Mayotte islands. 

Methods

Before starting any inventory campaign, the scope of 
the inventory must be defined. It can apply to specific 
target groups (marine mammals, fish, corals, sponges, 
mollusks, echinoderms, algae…) or to bulkier groups 
(marine vertebrates, marine invertebrates, sessile 
beings…), which will demand more work. The scope 
depends on the aim of the inventory: target groups are 
useful for conservation purposes, to monitor fishing or 
poaching, or to assess the state of the ecosystem using 
indicator groups. However, complete inventories of all 
macroscopic beings can also be led, but this demand 
more time and people involved, and are difficult to lead 
without a substantial research grant. The first step of this 
study is to investigate the opportunities present in Indian 
Ocean countries with limited scientific infrastructures. 
There are two different sources of data, which we call 
actual and potential sources: actual sources include past 
bibliography and nearby bibliography (neighbor country, 
neighbor island or atoll, etc.), museum or private 
collections (including museum in remote countries: 
USA, England and France have collections from tens of 
countries), and, to finish with, pictures databases. These 
can be found from various sources, including scientists 
(current or former), diving clubs, local sea enthusiasts, 
fishermen, or even on the web, especially on biodiversity 
observation sharing websites and networks. With the 
progress of modern underwater cameras, more and 
more species can be readily identified from pictures, or 
at least at the genus (or family) level, providing a huge 
database of observations that few professional teams 
could hope constituting. The second step consists in 
building on potential sources of data. This demands to 
raise the awareness or even recruit some particular 
publics, such as fishermen, other sea professionals and 
users, diving clubs and nature enthusiast associations. 
Inventory targets must be defined and people must be 
trained to spot targets and document them properly, be 
it with pictures, parts (shells, tests, samples…) or whole 
specimens. As such data will always be biased (towards 
beautiful diving spots, rich fishing grounds…), dedicated 
field work will be necessary on areas not already covered 
by these populations, and which often match with specific 
assemblages (“ugly” areas shelter different species than 
touristic beaches). If no night dive data is available, night 
dives will also be needed as nocturnal species are often 
invisible during the day, and numerous. The aim is to 
cover the whole range of ecological niches, including 
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chronological niches (hour, tides, seasons…) in order 
not to let any important niche unexplored. Hence, in this 
framework, the actual field work needed from the project 
managers is only a complement to field data collection 
from other stakeholders. The final step is identification: 
here it is paramount to have a relay scientist, able of 
identifying common species and selecting observation 
worth sending to more specialized professionals. The 
involvement of a network of professional taxonomist is 
essential to ensure the safety of the identifications and 
to request, when necessary, the collection of samples for 
biometric or genetic analyses. 

Results

In Mayotte, an inventory of echinoderms using this 
method increased by nearly 50% the previous list, 
adding 78 new records for the region. In Réunion 
Island, 60 new records (counting only groups with 
a registered record) and 3 new species have been 
published, and over 1300 species identified at a 
professional level at no cost, making it one of the most 
important single biodiversity inventories in any coral 
reef in the Indian Ocean. Discussion The discussion 
will focus on limitations, bias and emerging virtues 
of this methodology, and its applicability to various 
socioecosystems other than coral reefs. 
Conclusion 

The use of modern tools may enhance the efficiency 
and cost-effectiveness of local scale inventories in 
countries with limited scientific infrastructures, dwelling 
on citizen science, local communities’ involvement, 
internet and modern technologies for DNA sequencing. 
While marine scientists have been mourning for decades 
the end of the great marine expeditions, the birth of 
modern biodiversity assessments may also be backed 
up by emerging virtues, such as local communities 
empowerment, and a more detailed documentation of 
ecological habits and phenotypic variations of sea life, 
which were less available with previous methods: a whole 
new field of marine science comes in reach. 
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Background 

Mangroves and associated blue carbon ecosystems 
capture and store huge carbon stocks in both above and 
below ground components. However, these mangroves 
in Kenya are being degraded at a rate of 0.7% by area 
per year; which is significantly higher than losses of 
other natural habitats in the country. When degraded, 
these critical coastal ecosystems not only halt to take up 
carbon, but also release the already stored carbon back 
to the atmosphere leading to global warming impacts. 
Awareness of the scale of potential CO2 emissions 
from the continued loss of blue carbon ecosystems has 
resulted in the protection and restoration of mangroves 
for both climate change mitigation and adaptation. 
To influence inclusion of the ecosystem into Kenya’s 
nationally determined contributions (NDCs) to Paris 
Agreement there is need to assess mangrove forest 
conditions and identify degradation ‘hotspots’ requiring 
interventions. 

Methods 

We used remotely sensed data and GIS to analyze forest 
cover/ changes of mangroves in Lamu that constitute 
about 60% of the Kenya’s mangrove coverage. Image 
classification and analysis was conducted on Landsat 
imagery spanning from 1990-2018 sourced from 
USGS Glovis website (http://glovis/usgs/gov); using a 
hybrid of Iso Cluster unsupervised and Supervised 
Maximum Likelihood Classification algorithm. This was 
complemented by a detailed groundtruthing. To map 
out hotspot areas of change, spatial statistical tools in 
ArcGIS environment were used. Normalized Difference 
Vegetation Index was calculated over the study period to 
assess mangrove density. 

Results 

Results show that mangroves in Lamu cover 29,830ha 
distributed in five management blocks. This forest is 
dominated by pure and mixed stands of Ceriops tagal 
and Rhizophora mucronata that constitute 17% of the 
mangrove formation. Overall, over the last 28 years, 
the cover of mangrove in Lamu has reduced by 0.8%; 
translating to a reduction of 8.4 ha per year. During this 
period the North-Central block recorded the highest loss 
in mangrove coverage at about 17% (1881ha), followed 
by Pate island swamp. On the other hand, Mongoni and 
Dodori creek swamps recorded the highest gain of 
mangrove coverage of about 10% (470ha). Within the 
Lamu mangrove system areas of statistically significant 
clusters of mangrove forest loss were identified and 
mapped out. Over the study period Lamu mangrove 
density was observed to decline where 2018 recorded 
the least cover density. 
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Conclusion 

Harvesting of mangrove wood products for building 
poles, timber and energy has contributed to major loss 
of mangroves in Lamu system. Moreover, the upcoming 
development projects and projected rapid population 
increase in the county are feared to be a future threat 
to the mangrove ecosystem. The information on area 
and rates as well as hotspot maps provided by the 
study will guide management, that is by providing a 
coherent guidance for the resource allocation for forest 
monitoring and enforcement efforts. 

Keywords: Cover change analysis; Mangroves; 
Degradation hotspots; Landsat; Lamu 
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The fisheries sectors of most developing countries 
and especially the Western Indian Ocean countries still 
present the major livelihood support in terms of nutrition 
and food security, employment, foreign exchange 
earnings, conservation and biodiversity values of global 
significance. The management of the fisheries resources 
are guided by national policy and legal instruments aimed 
at regulating fishing and fisheries resource utilization. 
The instruments also set acceptable standards for 
marketing, trade and utilization of the fisheries products. 
However, the inadequacies of these instruments have 
become evident in the emergency of realities that 
are inherent in contemporary fisheries management 
development challenges. The overall objectives of this 
study were to assess the level of awareness and status 
of implementation of relevant international instruments; 
identify challenges in ratification and implementation of 
these instruments; identify relevant provisions in these 
instruments that would strengthen regional approach to 
sustainable management and development of fisheries 
in Africa. The international instruments emanate from 
a global response to the declining fisheries stocks 
globally, as well as the degradation of fisheries habitats. 
However, the fisheries resources continue to face 
numerous threats mainly emanating from ineffective 
governance due to still-born legislations at the national 

level augmented by poorly conceived and rarely 
implemented policies lacking national, regional and global 
coordination. Despite the ratification and incorporation 
of the various international fisheries instruments, into 
the National Fisheries Legislation, the international 
and national instruments have received very low level 
of execution. Consequently, high levels of biological and 
economic overexploitation in many fisheries are evident, 
from small-scale fisheries to semi industrial including 
the shallow water bottom trawl shrimp fisheries to 
the industrial seine and long line fisheries off the Indian 
Ocean waters. This has had a negative impact on the fish 
stocks and economies of coastal states, as well as on 
vital food supplies and jobs. Analysis shows that majority 
of the Eastern Africa WIO States are signatories to 
various international legal instruments; and especially key 
legislations such as the UNCLOS (1982), the UN Fish 
Stocks Agreement (UNFSA, 1995) and FAO Compliance 
Agreement (1993). However, the ratification of many 
of the other fisheries specific instruments remains 
low despite the fact that many of the governments are 
aware of the content of such initiatives. Some countries 
appear to have ignored critical instruments such as the 
provisions of International Plans of Action related to 
managing fishing capacity, IUU fishing, shark management 
and seabird by-catch in long line fisheries with such 
instruments or the related legislations clearly lacking 
in the national legislation. The implementation of the 
international fisheries legislation can however, learn from 
feasible coordination implementation such as Integrated 
Coastal Zone Management initiatives, with both reflecting 
some commonalities; trans-boundary, strengthening of 
institutional and legislative structures, and increased 
financial funding to the initiatives. For example, the 
management of the Indian Ocean fisheries and especially 
the tuna fisheries under the IOTC can borrow from the 
regional initiatives which have shown success, in order 
to tackle the increasing fishing intensity and especially 
the current global problem of illegal, unreported and 
unregulated (IUU) fishing. The main international 
instruments, and which majority of the WIO Eastern 
Africa States have signed, include the Kyoto Declaration 
on Aquaculture (1976), Agenda 21 and the UN Conference 
on Environment and Development (UNCED, 1992) and 
the FAO Code of Conduct for Responsible fisheries 
(FAO CCRF, 1995) among others. The main challenges 
identified in accession/ratification and execution of 
the international fisheries range from poor design and 
implementation of the institutional and legal frameworks, 
inadequate financing of the activities associated with 
the implementation of the international instruments. 
Furthermore, the technical requirements associated 
with these instruments, the need for development of 
the human resources, and the role of both the regional 
and international fisheries bodies cannot be ignored in 
the efforts to ensure successful implementation of the 
national instruments. Interestingly, some countries have 
also signed some extended instruments e.g. Rwanda, 
Burundi and Ethiopia are Signatories to the UNCLOS 
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(1982) Convention which might be of little relevance 
(if any) to the fisheries legislations of landlocked 
countries in AU-MS. The diverse nature of the AU-MS in 
terms of social, economic, cultural aspects, strengths in 
organizational structures, the variations in the national 
and local fisheries instruments, diversity of the fisheries 
(ranging from traditional to industrial), varied approach 
to fisheries management and, the structures and 
legislation of each member country cannot be ignored. 
Furthermore, the regional challenges, especially related 
to expansive nature of the EEZ the huge presence of 
unmonitored DWFNs in some of the countries, the 
emerging IUU fisheries in the region makes the control, 
management and protection of the rich EEZ resources 
an uphill task. Evidently, the difficulty to control and 
manage the EEZs calls for the strengthening of the 
regional Monitoring, Control and Surveillance (MCS) 
which requires stronger intervention by the Regional 
Fisheries Bodies (RFBs), which must play a global linkage 
role to provide a framework for the management of key 
fisheries of the EEZs of the coastal AU-MS of the WIO 
region including the straddling and highly migratory Tuna 
fish stocks among others.
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Background 

Microplastics are everywhere and, with the increasing plastic 
load into the environment, there is a growing concern 
about the effect of microplastic pollution on the marine 
environment. Microplastics not only litter the environment, 
but it may have effects on human health as they desorb, 
absorb and adsorb pollutants to and from the water column. 
These pollutants can bioaccumulate up the marine food 
web, potentially concentrating hazardous chemicals, which 
ultimately end up in seafood sold for human consumption. 
Marine invertebrates at the bottom of the food web, such 
as filter feeders, inadvertently consume these microplastic 
particles and their related pollutants, allowing microplastics 
and their pollutants to enter the marine food web. The 
aim of this study was to investigate the concentration of 
microplastic related pollutants and potentially harmful trace 
elements (PHTE) present in the gastrointestinal tract and/
or flesh of oysters farmed within the Nelson Mandela Bay 
Region (NMBR). Methods 

Oysters (Crassostrea gigas; n = 60) were collected from a 
local oyster mariculture facility in Algoa Bay, 50 samples 
for bisphenol analysis and 10 samples for element 
analysis. The samples were handle and prepared with acid 
washed equipment to avoid contamination. The samples 
were then freeze dried and sent to the Norwegian 
University of Science and Technology for bisphenol and 
PHTE laboratory analyses. 

Results 

Bisphenol, BP-UV filter and PHTE concentrations were 
detected in the oysters at levels that cause concern for human 
health. BPB had the highest average pollutant concentration 
of 22.17 ng/kg, while the average concentration of cadmium 
[Cd114(LR)] and arsenic [As75(HR)] was 5.37 µg/g and 
5.57 µg/g, respectively, among other PHTE. 

Conclusion 

This study highlights the need to investigate the extent 
of microplastic toxicity in species across the marine food 
web, from filter feeders to top predators, to determine 
potential environmental and human health risks in South 
Africa and the rest of Africa. 
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Mangroves provide a rich and diverse ecosystem from 
which the Southwestern residents of Madagascar draw 
many resources. Mangroves confer tangible provisioning 
ecosystem services to local coastal populations such as: 
timber, charcoal, non-timber forest products, and fish as 
well as shellfish. Households in Southwestern Madagascar 
take opportunities to draw their food directly or 
indirectly through mangrove forest. Mangrove ecosystems 
should be used sustainably in regards to diet diversity and 
livelihood. This study highlights the dependence and the 
contribution of mangrove to food security, as well as the 
best management practices for the sustainment of the 
mangrove ecosystem. For this study, in two locations, in 
samples that were constitutive of 300 households, four 
focus group; men, woman, young men, and young women; 
were surveyed. Consumption of ecosystem services 
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during lean and abundant periods were discussed and an 
inventory of products procured from the mangrove forest 
was taken. Evaluation of consumption of mangrove services 
was conducted. Other usages of mangrove ecosystems 
to improve diet and contribute to food security, both 
directly and indirectly, were evaluated. Analysis of macro 
and micronutrients based on their consumption were 
evaluated during lean period and abundance period of 
rice. Management and conservation of the mangrove 
ecosystems were assessed. Results showed that the 
most disadvantaged people are highly dependent on the 
mangrove resources. Lower income individuals participate 
more frequently in fishing and the gathering of wood to 
supplement their caloric needs and their income. Thanks 
to the mangrove ecosystems services, the daily standard 
of calories (2400 calories) is reached for both periods. 
A total of 20% daily caloric intake is due to protein from 
aquatic product provided by the mangrove ecosystems. 
Charcoal production from gathered wood proves to be 
an important source of complementary income. More 
than 40% of calcium intake were due to mangrove 
ecosystems services for both periods. Discussion with 
different gender focus groups did not show any difference 
between the distribution of tasks and collection of aquatic 
resources at the ecosystem mangrove level. A growing 
awareness of the importance and fragility of the mangrove 
ecosystems in coastal part of Madagascar was indicated 
by each gender group. Mangrove ecosystem management 
established by local authorities (Ampanjaka) and collective 
rules (dina) are paramount in ensuring the sustainability 
of the mangrove biodiversity. Involving stakeholders 
in achieving the common goal of mangrove forest 
management is critical to increasing the legitimacy of the 
decision-making process between the local governments 
and the community. Education on sustainability in regards 
to maintaining the biodiversity of mangrove forest must 
become more broadly accessible. 
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Background 

Seychelles is located in the Western Indian Ocean Region, 
which has been classified as a global biodiversity hotspot. 
The territory of Seychelles consists of a landmass of 
455km2 forming 115 islands, and an Exclusive Economic 
Zone (EEZ) covering 1.374 millionkm2 (almost twice the 
size of France). The archipelago is divided into two groups: 
the granitic islands (or inner islands), and the outer 
coralline islands (or outer islands) surrounded by a vast 
seascape southwest from the Mahé Plateau. Following its 
commitment to protect at least 50% of its terrestrial area 
and 30% of its marine environment, the Government of 
Seychelles announced in 2013 its intention to proclaim 
30% of its EEZ as protected of which 50% will be a no 
take zone, in exchange for a debt buy-back agreement 
negotiated with the Paris Club. However, as a small island 
developing state (SIDS) with limited financial and human 
resources at its disposal, Seychelles is currently managing 
its Protected Areas network using various management 
models: government based, collaborative and private. 
In this paper, we aim to present the Islands Foundation 
Model, a unique collaborative and sustainable management 
model for protected areas, with a focus on the Silhouette 
Marine National Park, Seychelles. Silhouette Island has 
been declared National Park at 93% since 2010 and is 
surrounded by a Marine National Park that extends to 
1km from the shoreline since 1987. Although Silhouette 
is the third largest island in Seychelles and Mont Dauban 
the second highest mountain (740m), the island’s steep 
slopes have prevented significant development and 
restricted human settlement. As a result, human impact 
has been limited and much of the original nature of the 
Seychelles islands is preserved on Silhouette. 

Method and Results 

All too often, financing solutions for protected areas are 
not focused on their specific needs and own specificities 
both in terms of management and conservation. With the 
objective of creating a sustainable partnership capable 
of managing protected areas in Seychelles, the NGO 
Island Conservation Society of Seychelles (ICS) which 
was created in 2001, has brought together all partners 
that have a vested interest in the outer islands (including 
Silhouette) that are managed by the Islands Development 
Company Partners include the Ministry of Environment, 
Seychelles National Parks Authority (where applicable), 
tourism investors, fishermen, local community, and 
conservationists under one umbrella. Consequently, the 
Silhouette Foundation was set up in 2008 to establish a 
long-term basis for cooperation and assistance between 
parties to conserve, restore and enhance the eco-systems 
of Silhouette, together with their associated marine 
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environments. In order to achieve this great challenge, 
it was decided that the centre of the partnership 
should be ownership, which stands for the various ICS’s 
partners’ approach towards the work of the foundation 
and its goals. It was agreed that if partners feel they are 
somehow contributing to something that is not really in 
their interest or line of thinking or if they were dragged 
into another organization’s interests without being given 
the opportunity to bring in their own approach; then 
“partners” would not be able to identify with the goals 
and objectives pursued and would not support them 
wholeheartedly. In order to give stakeholders a high 
degree of identification with their partnership, members 
of the different Island Foundations, in this case the 
Silhouette Foundation, agree on a common strategy based 
on shared (= unanimously accepted) solutions. This means 
building consensus, and acceptance that some issues might 
constitute a problem for one group but not be considered 
as a problem by others. Additionally, partners have equal 
rights at the Foundation level. Even though the investors 
present on Silhouette are mandatorily contributing 
financially to the conservation work, all partners at the 
Foundation level have the same rights especially voting 
rights to endorse annual plans and budgets produced for 
Silhouette every year by ICS. The resulting driving force 
of the Foundation is conservation funded by responsible 
ecotourism. In the Silhouette Foundation, the conservation 
levy is established through a five-party agreement signed 
between all actors present on the island. The investors 
also pay a cooperate social responsibility tax to the 
Foundation and supports extra budgetary requirements. 
In return, the investors can use the sustainability brand 
to attract visitors to their tourism establishment. The 
model also promotes the establishment of endowment 
funds to pay for environmental work. The money paid into 
these funds is retained as a buffer against any unforeseen 
financial difficulty with only interest and dividends available 
for expenditure in normal years. Through this model, 
long-term monitoring programs have been developed 
in the Silhouette MPA such as coral reef monitoring, 
turtle monitoring and shorebird monitoring. The results 
and management recommendations are shared with all 
stakeholders and awareness raised with all visitors and 
residents of the island via the ICS Conservation Centre. 
All partners also discuss issues in the Silhouette PAs on 
a yearly basis and agree on actions to be taken for an 
adaptive and effective management of the Silhouette PAs. 

Conclusion

The Foundation model which ICS follows can provide 
a simple and practical solution to sustainable financing 
issues of protected areas and can be easily emulated 
by other island countries. With this model, we hope 
to convince investors and conservationists alike that 
they can actually work together through a ‘win-win’ 
partnership. The Foundation model provides a new insight 
into partnership in an island context and provides the 
barometer for change and progress at the international 

level. The partnership model which ICS developed 
through the Foundations is one that is sustainable and 
gives the local community, researchers and investors, 
conservationists and developers, tourists and locals, civil 
society and state institutions the full ownership of the 
management of the protected area on those islands. It 
also provides a form of partnership that values dialogue, 
consultation and trust. It puts around the same table 
people who may have divergent views and interests. 
However, through discussions they forge collective 
solutions that meet both their individual and collective 
needs. ICS works with the Silhouette Foundation to 
make the national park self-sufficient and sustainable for 
future generations to appreciate. 
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Background 

Assessing marine biodiversity has always been a 
challenge. Most of our knowledge about marine 
biodiversity comes from wide 19th and early 20th 
century expeditions that trawled around the world 
(such as HMS Challenger, 1872-1876, or the International 
Indian Ocean Expedition, 1959-1965), collecting masses 
of often damaged specimens that were sent dried or 
in formaldehyde to European or American museums. 
Such campaigns have become rarer nowadays, due to 
their financial and human cost, but also to a greater 
understanding of their ecological effects. Modern 
environmental regulations and international treaties 
(such as the Nagoya protocol since 2010) have made 
difficult to carry on conventional inventories involving 
massive trawling and shipping of marine life. But at the 
same time, the progress of scuba diving, underwater 
photography, naturalist knowledge, citizen sciences 
and genetics have opened new ways of assessing the 
biodiversity of an ecosystem. Hence, combining today’s 
opportunities may render biodiversity inventories 
even more efficient than classical ones, while having 
minor effect on the environment and being more cost-
effective. The aim of the present paper is to provide 
an integrated method for biodiversity assessment 
and inventories in Indian Ocean countries with little 
scientific facilities, dwelling on experiences from 
Réunion and Mayotte islands. 
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Methods

Before starting any inventory campaign, the scope of the 
inventory must be defined. It can apply to specific target 
groups (marine mammals, fish, corals, sponges, mollusks, 
echinoderms, algae…) or to bulkier groups (marine 
vertebrates, marine invertebrates, sessile beings…), 
which will demand more work. The scope depends on 
the aim of the inventory: target groups are useful for 
conservation purposes, to monitor fishing or poaching, 
or to assess the state of the ecosystem using indicator 
groups. However, complete inventories of all macroscopic 
beings can also be led, but this demand more time 
and people involved, and are difficult to lead without a 
substantial research grant. The first step of this study is 
to investigate the opportunities present in Indian Ocean 
countries with limited scientific infrastructures. There are 
two different sources of data, which we call actual and 
potential sources: actual sources include past bibliography 
and nearby bibliography (neighbor country, neighbor 
island or atoll, etc.), museum or private collections 
(including museum in remote countries: USA, England and 
France have collections from tens of countries), and, to 
finish with, pictures databases. These can be found from 
various sources, including scientists (current or former), 
diving clubs, local sea enthusiasts, fishermen, or even on 
the web, especially on biodiversity observation sharing 
websites and networks. With the progress of modern 
underwater cameras, more and more species can be 
readily identified from pictures, or at least at the genus 
(or family) level, providing a huge database of observations 
that few professional teams could hope constituting. The 
second step consists in building on potential sources of 
data. This demands to raise the awareness or even recruit 
some particular publics, such as fishermen, other sea 
professionals and users, diving clubs and nature enthusiast 
associations. Inventory targets must be defined and people 
must be trained to spot targets and document them 
properly, be it with pictures, parts (shells, tests, samples…) 
or whole specimens. As such data will always be biased 
(towards beautiful diving spots, rich fishing grounds…), 
dedicated field work will be necessary on areas not already 
covered by these populations, and which often match with 
specific assemblages (“ugly” areas shelter different species 
than touristic beaches). If no night dive data is available, 
night dives will also be needed as nocturnal species are 
often invisible during the day, and numerous. The aim is 
to cover the whole range of ecological niches, including 
chronological niches (hour, tides, seasons…) in order 
not to let any important niche unexplored. Hence, in this 
framework, the actual field work needed from the project 
managers is only a complement to field data collection 
from other stakeholders. The final step is identification: 
here it is paramount to have a relay scientist, able of 
identifying common species and selecting observation 
worth sending to more specialized professionals. The 
involvement of a network of professional taxonomist is 
essential to ensure the safety of the identifications and 
to request, when necessary, the collection of samples for 
biometric or genetic analyses. 

Results

In Mayotte, an inventory of echinoderms using this 
method increased by nearly 50% the previous list, adding 
78 new records for the region. In Réunion Island, 60 
new records (counting only groups with a registered 
record) and 3 new species have been published, and over 
1300 species identified at a professional level at no cost, 
making it one of the most important single biodiversity 
inventories in any coral reef in the Indian Ocean. 

Discussion 

The discussion will focus on limitations, bias and 
emerging virtues of this methodology, and its applicability 
to various socioecosystems other than coral reefs. 
Conclusion 

The use of modern tools may enhance the efficiency 
and cost-effectiveness of local scale inventories in 
countries with limited scientific infrastructures, dwelling 
on citizen science, local communities’ involvement, 
internet and modern technologies for DNA sequencing. 
While marine scientists have been mourning for decades 
the end of the great marine expeditions, the birth of 
modern biodiversity assessments may also be backed 
up by emerging virtues, such as local communities 
empowerment, and a more detailed documentation of 
ecological habits and phenotypic variations of sea life, 
which were less available with previous methods: a whole 
new field of marine science comes in reach. 
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Background 

The Green turtle Chelonia mydas Linnaeus, 1759 accounts 
for highest number of sea turtles that nest along Kenya’s 
coastline where there are varying biophysical and 
anthropogenic factors. Turtle nesting, mortality, hatching 
and incidental catch monitoring data collection is done 
in key sites along the Kenyan coast by government 
institutions, local non-governmental organisations and 
Beach Management Units which are community groups 
registered by Ministry of Fisheries. However, there is 
insufficient data on population nesting trends of Chelonia 
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mydas nesting along the Kenya Coast. The information 
gaps are attributed to either missing, inadequate or 
not harmonised, thus hampering conservation and 
management efforts of this endangered species. This 
study aimed to find out the biophysical and anthropogenic 
factors influencing nesting of Chelonia mydas in coastal 
Kenya and propose management interventions that can 
increase successful nesting rates. 

Methods 

The study was designed to establish the relationship 
between number of nests placed by chelonia mydas with 
biophysical and anthropogenic variables between February 
and November 2016. A total of 31 turtle nesting areas were 
inspected along the Kenyan coast in Kwale, Mombasa, Kilifi 
and Lamu counties. Biophysical factors examined were 
vegetation cover, soil texture, organic matter content, high 
water mark, width of the beach and slope of the beach. 
The anthropogenic factors examined were debris weight 
at the beach, height of sea defence/barriers, number of 
people at the beach and beachfront lighting. The beaches in 
which nest-site anthropogenic and biophysical factors were 
investigated were classified into either occurring within 
protected areas and those not in protected areas. 
Results 

A total 230 nests were identified in the 31 nesting areas. 
57.83% of the Chelonia mydas nests (133 nests) occurred 
in non-protected areas while 42.17% (97 nests) were 
located within protected areas along the Kenyan Coast. 
The significant nesting sites were Shemu Shemu in Kwale 
County; English Point in Mombasa County; Jumba Ruins in 
Kilifi County; and Mongo Sherriff in Lamu County. These 
findings of nest sites were consistent with historical data. 
A multiple regression model was employed to assess the 
factors that contribute to higher number Page 2 of 2 of 
nests. The multiple regression model did not significantly 
predict the number of nest, F (8, 22) = 0.294, p >0.05, R 
= 0.311. However, there was considerable decrease in 
number of nests with increase of organic matter content, 
b = -8.312; sea barrier height b = -3.155; and beach front 
lighting b = -2.154. Anthropogenic factors thus, had the 
greatest negative impact on number of green turtle nests. 
Nonetheless, nesting of Chelonia mydas was observed to 
occur across different spectrum of human disturbance. 
High number of annual nesting were observed in Lamu 
County; some of the nest-sites had comparatively high 
debris weight per 100m2 brought in by waves from other 
regions, for example, Kitangakikuu had 7kg, KSV had 3kg 
and Mwanabule had 3kg. The average debris weight was 
1.90kg 100 m-2 . 

Conclusion 

Sea turtles are wide-ranging species and single populations 
often utilize habitats under several different geopolitical 
boundaries, making conservation efforts complex. Chelonia 
mydas nest along the Kenyan coast with varying biophysical 
and anthropogenic factors thus a single variable cannot be 
considered as an overriding factor in influencing the number 
of nests per nest-site. However, sea defence barriers 
directly impedes access to nesting grounds, and those laid 

could easily be washed away if they are within the high 
water mark. Debris at the beach also affect mobility and the 
digging ability of the turtle at the beaches. Light disorient the 
hatchlings in their initial movement towards the sea, thus 
female chelonia mydas may shy away from nesting in these 
beaches with a lot of lighting. This study therefore showed 
that Chelonia mydas preferred to nest in areas with no sea 
barriers, minimal lighting and people at the beach since such 
areas had the highest annual sightings of nests. It is therefore 
recommended that long term monitoring to be put in place 
to assess the impact of human disturbance on the number 
of nesting along Kenyan Coast as a management tool in 
conservation efforts of chelonia mydas. Keywords Green 
turtle, Chelonia mydas, nesting sites, nesting choice, Kenyan 
coast, conservation
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Background 

Seagrass meadows are important carbon sinks, 
thus understanding this role and their conservation 
provides opportunities for their applications in climate 
change mitigation and adaptation. This study aimed 
at understanding seagrass contribution to ecosystem 
carbon at Gazi Bay; by comparing carbon stocks in 
seagrass beds in two mangroves fringed creeks of the 
bay. Specifically, the objectives included assessing the 
distribution and abundance of seagrass in the fringed 
creeks, estimating above and below-ground biomass and 
assessing sediment carbon in vegetated and un-vegetated 
sites of the creeks. Results obtained would be added to 
the mangrove and open bay carbon in estimating total 
ecosystem carbon of Gazi bay. 

Study approach and Methods 

Stratified random sampling strategy was applied in this 
study. Stratification was at two levels, presence/absence 
of seagrasses and species composition. Transects were 
laid perpendicular to the waterline at intervals of 50 
meters from the upper region near the mangroves to the 
deeper end of the creek across seagrass meadows. Along 
these transects, 0.25m2 square quadrats were laid at 5 
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m to assess distribution and composition of seagrasses 
in the creeks. A total of 80 plots were sampled. Above-
ground biomass was sampled by harvesting all the 
seagrass materials within the quadrat. For below-ground 
biomass, four sediment cores were obtained from each 
quarter of the quadrat and then sorted into necromass, 
rhizomes and roots. Samples were cleaned and dried in 
the oven for 72 hours at 60˚C in the laboratory. Total 
biomass was determined by multiplying biomass with 
carbon conversion factor of 0.34. For sediment organic 
carbon, percentage organic matter was determined using 
Loss of Ignition technique. In all the statistical tests, a 
significant level was set at α = 0.05. 

Results 

Eight species of seagrass were encountered in Western 
creek  (WC) while seven in the Eastern creek (EC). 
Based on importance value, the dominant  species in  WC 
were Cymodocea rotundata and Halodule uninervis while 
Thalassodendron ciliatum and Enhalus acoroides dominated 
the eastern creek. The cover of seagrass in EC was 67.97% 
compared to 56.45% in WC. There was significance 
difference in abundance of seagrass species between the 
two creeks (t = 1.97, D.F = 35, p <0.05). Similarly, there was 
significance differences between total seagrass biomass 
(t= - 8.44, D.F. = 53, p <0.05) and species composition 
(F(7,79) = 14.6, p <0.05) in the two creeks. Mean seagrass 
in the creeks was 7.25±4.2 Mg C ha-1, (range: 4.1 - 12.9 
Mg C ha-1). Sediment carbon ranged between 97.6 – 302.4 
Mg C ha-1 , (mean: 183.4±100.5 Mg C ha-1); which is lower 
than the reported mean sediment carbon of 236±24 Mg 
C ha-1, (range: 160.7 – 233.8 Mg C ha-1.  In all the creeks, 
vegetated sites showed significantly higher carbon values 
than the nonvegetated sites (t = 12.02, DF = 38, p <0.05). 

Conclusion 

The findings of the current study reveal variations in 
carbon stocks of the two creeks of Gazi bay that have 
varying biophysical features. It is established that habitat 
heterogeneity between the creeks contributes to the 
variation in seagrass abundance and carbon stocking. 
Sedimentation in the creeks and high turbidity leading 
to sand shifting and remineralization may explain for 
the low carbon in the creeks when compared to the 
open bay. The current findings will be added to open 
water seagrass and mangroves carbon stocks data hence 
leading to understanding of total carbon stocks of the bay 
ecosystems. This will enhance establishment of carbon 
offset project in seagrass for livelihood improvement and 
increased conservation. 

Keywords: Seagrass, Carbon stocks, Above-ground, 
Below-ground, Sediment carbon, Creeks, Gazi Bay 
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Fishery is among the top 3 sectors in Madagascar that 
generates important income for the country. Among the 
exported fisheries products figures the octopus which 
are mainly come from the littoral zone of the South west 
Region. More than 75% of the fishermen in this region 
practice octopus fishing. Since 1996, the exportation of the 
octopus has increased and so the fishing effort. The analysis 
of the catches conducted by some NGOs and fisheries 
products collectors has shown a decline in the size of the 
octopus specimen which suggested the decline of the state 
of the resources. Since then, management measures have 
been suggested to ensure the sustainability of the resources, 
the activity and its impact: such as setting a minimum size 
for catch, implementation of temporary reserves. The 
certification process of the activity through MSC process 
was also launch in 2016. WWF intervenes in the Mahafaly 
seascape in the southwestern region of Madagascar to 
support 15 fishermen villages in implementing the marine 
resources community management and their integration 
into this MSC certification process. In this intervention area, 
the octopus fishing represents 60% of the income of the 
fishermen .WWF has promoted the temporary octopus 
reserves among the octopus fisheries management 
measures. In 2018, 538 ha of reserves in 10 villages were 
closed for octopus fishing for 3 months, from July to 
September. To assess the effectiveness of this measures, 
we monitored the ecological and socio-economic impacts 
looking at the fishing effort and catches before, during and 
after the reserves opening. Coral reef health surveys have 
been also conducted (cover rate of the benthos, recovery 
rate of corals, and the percentage of live and dead corals). 
The monitoring results for 2018 shows that average 3.3 kg 
per person per day of octopus were harvested from 538 
hectares of reserves during the opening tide benefited 
1,706 fishermen. The coral reefs health status before and 
after reserve opening is similar. There is an isodominance 
between living and non-living corals. The monitoring should 
be continued for the next years to be able to provide 
reliable data to meet MSC indicators. 

Keywords: fishermen, octopus, monitoring, temporary 
octopus reserves, MSC, coral cover
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Background

The Champsodontidae is a family of 13 small Indo-
Pacific fishes, belonging to a single genus (Champsodon). 
Four species are known to occur in the Western Indian 
Ocean (WIO): C. capensis, C. omanensis, C. nudivittis, and C. 
seychellensis. The first two were reported from the Red 
Sea. Recently, three species have been reported from the 
Eastern Mediterranean, most likely Lessepsian migrants 
invading from the Red Sea. These have been identified as 
C. capensis, C. nudivittis and C. vorax, the latter known in 
the Indian Ocean only from the Maldives. The reporting 
of these particular species has sparked renewed interest 
in the group and raised questions around (1) the 
accuracy of these identifications, and (2) which species 
are present in the Red Sea and Western Indian Ocean. 
Species identification in this group is difficult due to the 
scarcity of taxonomically-useful characters, intraspecific 
character variation and ontogenetic character changes. 
Moreover, the most recent and comprehensive 
taxonomic revision of the group suffers from inaccuracies 
and inconsistencies, complicating accurate identification. 
In the present study, a DNA barcoding approach was 
implemented, coupled with taxonomic identification 
of specimens to determine the identity of specimens 
collected from the Mediterranean, Red Sea and Western 
Indian Ocean. 

Methods

Champsodon samples were obtained from the Eastern 
Mediterranean, as well as from the Western Indian Ocean. 
DNA sequence data were generated for a fragment of 
the mitochondrial cytochrome c oxidase I (COI) gene. 
Additional representatives of C. sagittus were sequenced. 
These data were combined with published data from the 
Mediterranean (C. vorax and Champsodon sp.), and data 
sourced for several other species in the genus, including C. 
snyderi, C. atridorsalis (both South China Sea), and a number 

of species from Australia. Data were used to construct a 
Neighbour-Joining tree and sequence divergences among 
individuals were considered. Morphological and taxonomic 
investigations were conducted in parallel, and individuals 
photographed with respect to diagnostic features (e.g., 
scales on selected body regions). 

Results

The DNA barcoding study confirmed the occurrence of 
C. nudivittis in the Mediterranean, as well as in the Red 
Sea. The results indicated that the report of C. vorax in 
the Mediterranean most likely reflects a misidentification 
of C. nudivittis. Simultaneously, results indicated divergent 
lineages of C. nudivittis in both the WIO and in the 
Mediterranean, which potentially represent undescribed 
species. Champsodon capensis and C. seychellensis were 
confirmed as valid, genetically-distinct WIO species. 

Conclusions

DNA barcoding was demonstrated as being effective in 
identifying which species occur in the Mediterranean and 
confirming the occurrence of certain species in the Red 
Sea and WIO. The approach has also identified putatively 
new taxa that are currently under investigation. More 
work is needed to elucidate the geographical range of 
WIO species.
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Background

The Champsodontidae is a family of 13 small Indo-
Pacific fishes, belonging to a single genus (Champsodon). 
Four species are known to occur in the Western Indian 
Ocean (WIO): C. capensis, C. omanensis, C. nudivittis, and C. 
seychellensis. The first two were reported from the Red 
Sea. Recently, three species have been reported from the 
Eastern Mediterranean, most likely Lessepsian migrants 
invading from the Red Sea. These have been identified as 
C. capensis, C. nudivittis and C. vorax, the latter known in 
the Indian Ocean only from the Maldives. The reporting 
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of these particular species has sparked renewed interest 
in the group and raised questions around (1) the 
accuracy of these identifications, and (2) which species 
are present in the Red Sea and Western Indian Ocean. 
Species identification in this group is difficult due to the 
scarcity of taxonomically-useful characters, intraspecific 
character variation and ontogenetic character changes. 
Moreover, the most recent and comprehensive 
taxonomic revision of the group suffers from inaccuracies 
and inconsistencies, complicating accurate identification. 
In the present study, a DNA barcoding approach was 
implemented, coupled with taxonomic identification 
of specimens to determine the identity of specimens 
collected from the Mediterranean, Red Sea and Western 
Indian Ocean. 

Methods

Champsodon samples were obtained from the Eastern 
Mediterranean, as well as from the Western Indian Ocean. 
DNA sequence data were generated for a fragment of 
the mitochondrial cytochrome c oxidase I (COI) gene. 
Additional representatives of C. sagittus were sequenced. 
These data were combined with published data from the 
Mediterranean (C. vorax and Champsodon sp.), and data 
sourced for several other species in the genus, including C. 
snyderi, C. atridorsalis (both South China Sea), and a number 
of species from Australia. Data were used to construct a 
Neighbour-Joining tree and sequence divergences among 
individuals were considered. Morphological and taxonomic 
investigations were conducted in parallel, and individuals 
photographed with respect to diagnostic features (e.g., 
scales on selected body regions). 

Results

The DNA barcoding study confirmed the occurrence of 
C. nudivittis in the Mediterranean, as well as in the Red 
Sea. The results indicated that the report of C. vorax in 
the Mediterranean most likely reflects a misidentification 
of C. nudivittis. Simultaneously, results indicated divergent 
lineages of C. nudivittis in both the WIO and in the 
Mediterranean, which potentially represent undescribed 
species. Champsodon capensis and C. seychellensis were 
confirmed as valid, genetically-distinct WIO species. 

Conclusions

DNA barcoding was demonstrated as being effective in 
identifying which species occur in the Mediterranean and 
confirming the occurrence of certain species in the Red 
Sea and WIO. The approach has also identified putatively 
new taxa that are currently under investigation. More 
work is needed to elucidate the geographical range of 
WIO species.
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Many Dugong populations worldwide are decreasing and 
severely fragmented. Effective protection measures are 
needed for this species (Vulnerable following the global 
IUCN Red List, East African populations were assessed 
as Endangered). Dugongs play an important role in 
seagrass-ecosystems, influencing the amount as well as the 
species of seagrass. The reduction of Dugongs from this 
ecosystem may alter species composition. The research 
project was set up to fill the gap of information about the 
presence of Dugong in Quirimbas National Park (QNP) 
and promote sustainable conservation measures among 
local communities and park manager. The intervention 
was carried out with overall objective of promoting 
conservation actions in favour of Dugong and biodiversity 
in the area. The project had 2 specific objectives: i) to 
collect baseline and scientific evidence and information of 
the presence and distribution of dugong in QNP northern 
Mozambique; and ii) to reduce the disturbance on marine 
species by stakeholder communities. Data were collected 
using automatic underwater sound device system. The 
project involved park staff and fishermen communities 
in order to build local capacities and spread awareness 
about the importance of conservation and management 
of natural resources. The research project counted on the 
support of an international NGO working in the Park and 
a research group expert in bioacoustics monitoring. Key 
results of the projects were: 1) Analysis of 201 days of 
recording in 7 sites which show no proven evidence of 
Dugong presence in the monitored area; 2) 600 people 
more aware of the role of marine mammal species 
in biodiversity conservation; 3) 5 park staff trained in 
biodiversity monitoring techniques. 

Keywords: Dugong, QNP, Conservation Language: En 
Supporting Agencies: Agencies: Conservation Leadership 
Program (CLP)-Fauna and Flora Organization
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Deposit feeding species are proposed as candidates for 
effluent bioremediation within aquaculture production 
systems. We evaluated the role of the system microbiome 
in regulating growth efficacy of Holothuria scabra, a 
commercially important sea cucumber (Holothuroidae), 
cultured on either organically enriched shrimp pond 
sediments or organically poor calcareous dune sand when 
fed isonitrogenous finfish particulate waste or a commercial 
formulated feed. DNA was extracted from the following 
“feeding chain” sites: pre-ingestion sediments, digestive 
system (foregut, midgut, hindgut), and faeces, in response 
to sediment and feed type from replicated treatments. 
Amplicons of the V4 region of the 16S rRNA gene were 
sequenced on an Illumina MiSeq. Bacterial community 
composition and environmental drivers were analysed by 
canonical correspondence analysis. Functional metagenome 
predictions were made using Tax4Fun. Feed and sediment 
affected holothurian growth over the 140 day trial, with 
dune sand and formulated feed treatments outperforming 
all others. Sampling location along the sea cucumber feeding 
chain had a significant effect on all alpha diversity metrics. 
Bacterial community richness and diversity was highest in 
the ambient sediments prior to ingestion and decreased 
with passage through the gut to reach the lowest diversity 
in the midgut before progressively increasing in the hindgut 
and faecal mounds. The bacterial community composition 
was dominated by Proteobacteria, Bacteroidetes, Firmicutes 
and Planctomycetes. The presence of a unique bacterial 
community in the midgut of H. scabra was detected 
and characterised. The core midgut community was 
taxonomically and metabolically diverse and exhibited 
an enhanced capacity to respond to increasing nitrogen 
availability, a key nutrient commonly considered to limit 
deposit feeder growth by increasing purine and nitrogen 
metabolism. The significant increase in amino acid 
metabolism and metabolism of vitamins and co-factors 
in the hindgut of sea cucumbers reared on shrimp pond 
sediments supports the hypothesis that the gut microbiome 
plays a key role in nutrient provisioning to H. scabra. The 
study highlighted the important role that endogenous 
bacteria play in nitrogen metabolism and the remediation 
of aquaculture wastes. Understanding these interactions 
will inform the effective design of aquaculture effluent 
treatment systems that optimise deposit feeder growth 
while concurrently providing effective waste remediation. 

POSTER
Microplastics, Mussels and Monitoring: a case for 
the brown mussel (Perna perna) in KwaZulu-Natal, 
South Africa. 
GERBER, G., ROBERTSON-ANDERSSON, D.V., 
MOODLEY, G.K.
School of Life Sciences, University of KwaZulu-Natal, 
South Africa
Email: gemmagerber@live.com

Background

Microplastics are small plastic particles (<5 mm) and 
originate primarily from the manufacture of exfoliants 
and from the fragmentation of larger plastic items. 
Coastal marine microplastic pollution in South Africa is 
thought to originate from point sources, such as estuaries. 
Microplastic pollution has recently become the subject of 
a large body of research due to their ubiquity throughout 
the marine environment and devastating ecosystem-wide 
impacts. To date, there are no standardised protocols for 
microplastic pollution monitoring.

This study aimed to determine 1) microplastic abundances 
in the mussels at sites 500, 1000, and 2000 m North/South 
on the coastline adjacent to selected KwaZulu-Natal 
(KZN) temporarily open-closed estuary mouths during 
an open-mouth phase; 2) size of microplastics ingested by 
mussels and 3) type of microplastics ingested by mussels.
Methods 
A recent development of microplastic pollution 
monitoring is the use of mussels as biomonitors of 
microplastic pollution in a particular area. Mussels are 
already used to successfully monitor heavy metal pollution 
along the South African coastline (SANCOR Mussel 
Watch Programme). Mussels in the size class 50 – 60 
mm were collected from sites 500, 1000, 2000 m North/
South of the estuary mouths. The soft tissue was digested 
using 10% KOH solution. Microscopy was used to count 
and to determine the types and sizes of microplastics 
(‘Hot needle test’). Advantages of the approach here is 
rapid sampling (as opposed to trawls), the mussels are 
sedentary and available all year so microplastic pollution 
may be monitored over space and time.

Results

present in summarized form, must include data and/or 
substantial information about results, but do not include 
tables, graphs or pictures.

Overall average: 2.24±0.95 microplastics.g-1 tissue (w/w) 
• Range: (4.31±0.41) to (1.05±0.09) microplastics.g-1 

tissue (w/w) 
• All sampled mussels contained microplastics. 
• Mussels ingest smaller microplastics, the 

underestimations in size in other studies may be due 
to limitations in equipment used. 

• Although mussels from all three sampled estuaries 
ingested all microplastic size ranges, those from 
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the Bilanhlolo estuary ingested more of the larger 
microplastics (300-1000 µm). 

• In the mussels fibres were the most predominant 
type of microplastics (>55%), followed by fragments 
(26.2%), films (8%), and microbeads (3.6%).

Conclusion
The advantages of using mussels as biomonitors of 
microplastic pollution are that they are sedentary and 
available all year round, allowing for microplastic pollution 
to be tracked both spatially and seasonally. This can be 
used to identify microplastic hotspots as areas of potential 
concern. This study highlights that microplastics are entering 
food webs and that the approach used here for microplastic 
biomonitoring is both attractive and efficient. Further 
research should focus on temporal trends and toxicant 
transfer from microplastics to mussels Using mussels also 
allows the identification of which type of microplastics, in 
terms of their size and composition, pose the biggest threat 
to these organisms. The application of this monitoring 
protocol in our country will eventually build a clearer 
picture of microplastic pollution along our coastline, its 
threats to ecosystem health, and how we could potentially 
mitigate their impacts to ensure marine conservation.
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Lessons learned from locally-managed marine 
area establishment in Northern Mozambique: Our 
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Background 

Northern coastal Mozambique has the highest levels 
of marine biodiversity in East Africa, with fewer 
anthropogenic impacts and evidence of resilience to 
coral bleaching. Human communities here are among the 
poorest in Mozambique, and highly dependent on marine 
resources. Increasing development from the gas sector 
in northern Mozambique in preparation for a scheduled 
start to production in 2022, and rapid population growth 
is significantly increasing pressure on this fragile marine 
biodiversity hotspot. 

Methods 

Locally managed marine areas (LMMAs) are a key 
tool to manage the impact of this growth and protect 
biodiversity. LMMAs can now be legally recognised in 
Mozambique as Community Conservation Areas, under 
Conservation Law 5/2017, but there is little experience 
of putting this legislation into practice. 

Results 

Our Sea Our Life is a collaborative project that brings 
together global and regional expertise in community-based 
marine conservation in Cabo Delgado. Between 2013-
2018, we successfully piloted a scalable, LMMA model in 
eight villages, benefitting 8,000 people and protecting 10km2 
of no-take zones and more than 40km2 of sustainable-use 
zones. Enforcement is achieved by the Community Fisheries 
Council (CCP) members and law enforcement agencies. To 
ensure successful replication of the approach and to build 
capacity for LMMA implementation in Mozambique, we 
have created a toolkit specific to the Mozambique context 
as a main guide for local practitioners. Now we plan to scale 
up this approach to make it nationally significant, expanding 
the network to create 25 legally recognized LMMAs in 
northern Mozambique, covering 150km2 , building resilience 
in local and migrant communities and protecting vulnerable 
marine species and habitats. 

Conclusion 

We will present the challenges and opportunities for 
implementing LMMAs within Mozambique, emphasising 
the key lessons learned and recommendations for the 
future. Specifically, we will cover community engagement 
in LMMA design; ensuring gender equity in decision-
making and benefit sharing; effective involvement of local 
authorities in remote areas of Mozambique; tackling 
the issue of migrant fisherfolk; and connecting marine 
conservation with community needs for financial services 
and food security. 

Keywords: LMMAs, replication, toolkit, protected areas
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Today, the world loosed already about 40% of its coral 
reefs. Predictions confirm that many of the remaining 
reefs may disappear within the next 40 years if current 
trends continue and if no action taken to mitigate local 
and global threats, including anthropogenic activities like 
destructive fishing or pollution, and climate change causing 
coral bleaching and ocean acidification. Reef degradation 
results in decreased live coral cover, that leads to the 
accumulation of coral rubbles. Coral rubble is considered 
as limestone waste, promotes algal turf formation and 
become ecological host for harmful microalgae. To value 
these dead-degraded corals, we invented a pyramid model 
of handmade and patented artificial reefs called Fishes 
Banking ecotechnology® (FBe), using coral rubbles as 
row material. The model was designed to attract reef 
species (fish and invertebrates), and to allow natural coral 
recruitment. We immersed a total of 30 pyramid FBe, 
on degraded inner and outer reef slopes off Nosy Tafara 
coral reef (southwest Madagascar). Twelve months after 
immersion, 53 fish species (belonging to 22 family), and 
49 fish species (belonging to 20 family) were inventoried 
respectively from inner and outer reef slopes, among which 
20 species are common to both sites. A total of 32.4±9.8 
colonies m-2 coral juveniles have been identified with 3% 
of Acroporidae, 88% of Pocilloporidae and 10 unidentified 
(others). In addition, crustacean, echinoderms, ascidians 
and hydrozoans were observed and counted. Compared 
to other artificial reefs, these results show excellent fish 
and invertebrate recruitment, which constitute a base 
point to an effective resilience of reefs and for coastal 
communities. The Fishes Banking ecotechnology® is a 
concept that can be used for research purposes and for 
reef restoration. 

Keywords: coral rubble, artificial reef, ecological 
restoration, coral colony, fish diversity, Fishes Banking 
ecotechnology®
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Background

Illegal and destructive fishing in the coastal waters is 
widespread in most of the western Indian Ocean (WIO) 
and a major cause of concern leading to overfishing and 
habitat degradation. Studies on the use of destructive and 
illegal gears such as beach seines indicate that removal can 
lead to increased fish yields but there are socio-economic 
trade-offs which challenge eradication of their use. Thus, 
use of these illegal and destructive fishing gears persists 
in most of the WIO region despite existence of legislated 
measures and targeted interventions by various actors. 
There are many factors that influence this persistence, 
but the underlying socioeconomic drivers associated 
with high poverty levels limit voluntary compliance 
among fishers and their ability to shift to alternative 
sustainable fishing technologies. This study assesses 
global and regional perspectives on tackling destructive 
beach seine fishing and narrows down to a case study 
from Kenya. We detail the fishery characteristics (catch 
trends and socioeconomic dynamics) of the Lamu beach 
seine fishery and highlight past and ongoing approaches 
to address the problem. Based on the lessons learned, we 
provide recommendations on a holistic and multifaceted 
approach to inform future site-based interventions that 
can contribute to reduction of damaging fishing practices 
while helping address environmental and livelihood 
concerns. 
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Methods 

Fishery characterization involves extensive literature 
review on beach seine fishing on a global and regional 
scale. Empirical data was also collected through boat 
based catch surveys to quantify spatial and temporal 
variations in the catches using non-parametric and 
multivariate analysis. Fisher interviews and stakeholder 
consultation workshops were conducted to gain an 
understanding of the management issues associated with 
persistence of the Lamu beach seine fishery at three 
sites. A series of stakeholder consultative meetings and 
capacity building sessions were also implement to design 
spatial based interventions (co-management areas with 
different user zones) within the shared fishing grounds. 

Results 

Catch Trends: There was significant seasonal variation 
in CPUE among beachseine fishers (Mann-Whitney U 
test, F = 16.74; p = 0.04), that was demonstrated by a 
higher mean in NEM (9.2±0.10 kg fisher-1day-1) compared 
to SEM (8.6±1.10 kg fisher-1day-1. The highest CPUE 
was recorded for beach seine fishers using motorized 
sailboats during the SEM season in Faza (13.45±1.30 kg 
fisher-1day-1) while the lowest CPUE (8.45±0.11) was 
recorded in SEM by sail boat. A total of 113 fish species 
belonging to 40 families were documented. Among 
the three study sites, the highest number of species 
was captured in Faza (92 species, 30 families) followed 
by Kizingintini (48 species, 24 families) and Kiunga (27 
species, 16 families). Diversity differed significantly 
between sites (one-way ANOVA,  p<0.05), although 
Kiunga clustered as significantly different from the 
other sites. The three most common species captured 
included Leptoscarus vaigiensis (23%), Siganus sutor (18%) 
and Lethrinus lentjan (11%). Species dominance was most 
prominent for Kizingitini catches and lowest for Faza 
catches. Moderate levels of discarded bycatch dominated 
by pufferfishes (Arothron spp. and Diodon spp), Pelates 
quadrilineatus were observed. 

Socioeconomic characteristics: Most fishers indicated 
inherited beach seines and skills from their forefathers. 
Approximately 75% of the fishers from Faza, 55% of 
fishers at Kizingitini and 50% of fishers at Kiunga noted 
beach seines as the fishing gear of choice, although scoop 
nets (for the lobster fishermen) and gill nets were also 
commonly used. The age of beach seine fishers ranged 
between 17 - 78 yrs with a mean age of 42.87±14 yrs, 
and was not associated with the age of a fisherman. 
Fishing was the main occupation among 98% of the 
respondents interviewed. In terms of proportion of 
household income from beach seine fishing. Faza had the 
highest number (44%) of respondents whose proportion 
of household income was wholly supported by beach 
seine fishing, compared to Kiunga (7%) and Kizingitini 
(19%) of respondents. 

Past and Ongoing Interventions: Various strategies to 
address the problem in Lamu have been implemented at 
varying scales by various actors with mixed outcomes. 
This includes beach seine gear exchange programs, 
establishment and strengthening of fisher organizations 
(Beach Management Units, Community Conservancies, 
other CBOs), community-led enforcement mechanisms, 
establishment of fisheries co-management areas with 
a zonation plan for different use zones (no-take areas, 
temporary closures, gear restriction areas and species-
specific zones), research on gear use and their impacts. 

Conclusion: 

Adoption of sustainable alternative fishing methods 
may succeed with the simultaneous implementation of 
multi-faceted participatory interventions coupled with 
continuous dialogue among all players to tackle the 
‘elephant in the house’. Incorporation of customized 
monitoring and evaluation plans should also be 
mainstreamed and jointly tracked. 

Keywords: beach seines, fishing gears, fisheries co-
management, locally-managed marine areas
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Background 

The sustainability of prawns fishing in Tanzania has been 
questionable for years. Most of studies in fisheries 
have concentrated in stock assessment, reproduction 
cycles, depletion of prawn and fishing practices and the 
management measures of the resource have been based 
on findings from such studies. The Tanzanian Government 
has consolidating the licensing of artisanal fishing to 
avoid overfishing, enhance monitoring of prawn fishery 
habitats, ensure local utilization of prawns through 
strengthening prawn data collection, analysis, management 
and dissemination of findings to stakeholders. Despite 
the effort of the government to sustain the prawn fishing 
industry in Tanzania, the quality of prawn products have 
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been poorly researched. In other words, to date, there 
is no scientific research done on heavy metal pollution 
and pesticide residue in prawns, water and sediments in 
Bagamoyo, Kisiju and Kilwa. Therefore, to expand our 
knowledge on the quality of prawns, levels and effects 
of heavy metals and pesticides that will advocate their 
mitigation measures, this study assessed the presence of 
heavy metals and pesticide residues in prawns, water and 
sediments and their sources in Bagamoyo, Kisiju and Kilwa. 

Methods 

This study was conducted in three big prawns fishing 
zones, namely Bagamoyo, Kisiju and Kilwa along the 
Indian Ocean coastline of Tanzania. The areas contribute 
to about 25-45% of the total annual prawn catches in 
Tanzania. A purposive sampling was done, where seven 
villages (three in Zone Bagamoyo, two in Kisiju and 
two in Kilwa) were sampled and interviews conducted. 
Data on demographic characterization and sources of 
aquatic pollution were obtained through structured 
questionnaires. Prawns, sediments and water samples were 
collected from agricultural farms and estuarine, along the 
coastline of Indian Ocean in Kisiju, Bagamoyo and Kilwa 
zones in Tanzania. The concentration of heavy metals; 
zinc (Zn), lead (Pb) and cadmium (Cd) was determined 
using Atomic Absorption Spectrophotometry (AAS), and 
Direct Mercury Analyzer (DMA) for mercury (Hg). Gas 
Chromatography-Mass Spectrophotometry (GC-MS) 
was also used to analyze for pesticide residues. 

Results

Fishing was the major socio-economic activity in the 
areas comprising about 52% of surveyed respondents. 
Fishing activities were done around the mangrove, 
shallow water, rivers and estuaries. Fertilizers and 
herbicides (60.7%) and pesticides (59.8%) were the 
main sources of aquatic pollution. Cyberdip and Utupa 
were the chemicals used in prawns fishing. Heavy metals 
were predominant in sediments followed by prawns, 
and water. The distribution of heavy metals mean 
concentration in prawns and sediments were found 
to be in order of Zn>Pb>Cd>Hg, and Pb>Zn>Cd>Hg 
in water. Lambda-cyhalothrin was the only pesticide 
residue detected in prawns and sediments, but 
surprisingly it was not detected in water. Lambda-
cyhalothrin in sediments was detected in high levels at 
Kisiju (16.49±2.36 mg/kg) and Kilwa (12.21±3.24 mg/
kg) respectively. On the other hand, lowest Lambda-
cyhalothrin level in prawns was detected in Kisiju 
(2.26±0.51 mg/kg) and Kilwa (0.28±0.40 mg/kg). 

Conclusion 

Presence of heavy metals and Lambda-cyhalothrin 
indicated that the areas are polluted and may impair 
quality and safety of prawns and by-products to the 
public health. To safeguard the ecosystem and human 
communities, immediate and frequent monitoring 
of anthropogenic activities such as agriculture and 

dynamite fishing in the areas, especially in the Rufiji 
delta and around the mangroves where prawns 
spawn is inevitable. In addition, a comprehensive risk 
assessment is needed to shade more light on the 
status quo of heavy metals and pesticide residues to 
the human population in the areas. Our findings serve 
as baseline information for future monitoring and risk 
assessment studies in the areas.
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Background

Globally, coastal areas face significant pressure from 
development, resource use and other human activities. 
For east Africa, communities are reliant of coastal goods 
and services for their livelihoods. Thus for varying levels of 
livelihood dependency appropriate coastal management 
is important in ensuring long-term ecosystem 
functionality, viability and delivery of goods and services. 
Integrated Coastal Management (ICM) is advocated as 
a best practice approach to achieving this; however it 
comes with its own challenges. Given the diverse nature 
of the coastal environment and the variation of goods 
and services it offers, managers require a combination 
of scientific and social information, modelled data and 
environmental indicators to assess the likely level of 
impacts and decide on feasible mitigation measures, 
enforcement and policy. Adding to this complexity, ICM 
is often undertaken in the context of a lack of personnel 
and financial resources. In South Africa, this is exacerbated 
by the legislative framework which delegates a number 
of responsibilities to local government without providing 
an enabling environment or capacity to meet these 
requirements. Without support or tools to deal with 
individual-themed issues and an integration scheme to 
consolidate these, ICM initiatives that integrate natural 
and social sciences into the decision making process are 
required. A turnkey, integrated solution would empower 
coastal managers with the best available knowledge, 
which in itself embodies effective and achievable ICM. 
This study focuses on one of four coastal regions in South 
Africa, KwaZulu-Natal (KZN) and the development of 
a region-specific coastal management tool which draws 
on a range of scientific data to create a ‘one-stop’ 
information portal for KZN coastal managers and users. 
The aim of which is to bridge the science-management 
gap, where scientific data and information exists but is 
not conveyed appropriately to managers. The Info-portal 
offers a number of themes to achieve this, including 
estuaries, risk and vulnerability and governance. 
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Methods

Having considered the limitation of topic-specific DSS 
tools in meeting general ICM management challenges 
and the needs of local managers, the development of a 
general ICM Decision Support Info-Portal was identified 
as highly relevant in the KZN context. The aim of the 
Info-Portal is to house all data and information relevant 
to ICM decision making, distil this and present it to users 
in a simple user-friendly format that is understandable 
and useful to decision makers. The development of the 
Info-portal followed an adapted version of the DSS 
lifecycle development as outlined by Turban, Aronson, 
and Liang (2005), whereby six steps were followed; 1) 
need, 2) planning, 3) analysis, 4) development and design, 
5) implementation and 6) evaluation. This process is 
iterative with any of the six steps being revisited through 
the development lifecycle of the DSS. A critical step being 
the evaluation phase as this ensures the engagement 
of the target audience and informs refinement of the 
Info-portal. Evaluation was undertaken by means of 
user-feedback, the feedback informed changes and 
refinements to the tool, insuring an improved Info-
portal. Feedback from users was received by means of a 
questionnaire covering four key areas; impression, user-
friendly nature, functionality and content. This followed 
a structured questionnaire approach. For testing of 
the Beta version a selected test group (n=50) were 
chosen to represent a diverse range of users, including 
government officials tasked with coastal management, 
coastal scientists, coastal users and users not related 
to the coastal field or environment. Feedback from the 
test group was captured and assessed to undertake 
refinement of the tool before releasing the Info-portal to 
all users. Feedback was synthesised and assessed within 
a SWOT (Strengths, Weaknesses, Opportunities and 
Threats) matrix to inform changes and refinements. The 
matrix helps unpack weakness and potential threats to 
the successful implementation of the Info-portal, while 
at the same time highlighting strengths and potential 
opportunities for refinement of the Info-portal, ensuring 
better use going forward. 

Results

The target group had a positive first impression of 
the Info-Portal, highlighting it as userfriendly but 
identified a number of opportunities that would lead 
to a significantly improved tool. Ideas included refined 
navigation, further explanatory text, emergency 
contact details for various coastal incidences and 
a map-making tool. The group were unanimous in 
that data and information presented were easy to 
understand and believed that the tool would meet 
their management needs. These are considered 
to be the primary strengths of this tool. The largest 
threat identified related to data speed issues relating 
to speed of loading of images and spatial data, which 
is also a real issue for consideration for decision-
making, enforcement and management entities that 

are also hampered with respect to infrastructure 
support. This finding was viewed as a possible outcome 
of non-use of the tool due to user frustration. Target 
group feedback resulted in revisiting of the design and 
development stages, with an update to the look and 
feel, and the functionality of the system being simplified. 
These improvements were well received and the tool 
was released to a broader audience, including coastal 
authorities, environmental managers, scientists and 
the general public or coastal users. To facilitate use of 
the Info-Portal, training sessions was undertaken with 
coastal managers. The training session demonstrated to 
users how to access and use various aspects of the tool 
and how it can be applied to their various management 
activities. Subsequent to the targeted training, in the 
first month there were 1700 visits to the Info-Portal. 
Feedback from users is largely positive, with 88% of 
users being satisfied that they were able to find the 
information they sought and 63% found the Info-portal 
to be user-friendly. With users comments such as that 
this system allows them to “easily refer to it for good 
scientific information about the KZN coastline” and 
that it is “a very important step towards achieving ICM” 

Conclusion

The Info-Portal is accepted and used as a ‘one-stop’ 
tool for ICM in KZN offering decisionmakers a platform 
with the relevant information they require for decision 
making; which is in keeping with the objective of the tool. 
Importantly, the tool also allows for all users to provide 
feedback and data to be presented within the tool, 
ensuring that users have a stake in the success of the tool. 
In addition, the Info-Portal offers a platform for members 
of the public and stakeholders to provide information 
relevant to estuaries and coasts. Though this approach, 
the Info-Portal provides an interface between the science 
and socio-economic domains to capacitate managers 
and decision makers to make informed decisions. Since 
its public release, the Decision Support Info-Portal has 
been implemented and utilised by government officials 
for both ongoing management and emergency response 
within the KZN province. 
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The intertidal zone plays a very important role for 
marine organisms. Due to their easy access, these areas 
are exposed to diverse anthropogenic pressures that 
have impacts on the benthic communities. This work 
reports the study of the intertidal benthic communities 
of Pemba, Northern Mozambique, based on the species 
composition and relative abundance (cover) of benthic 
organisms with the aim of using the benthic communities 
to evaluate the health of these ecosystems. Eight 
beaches were sampled through photo-quadrats and 
the analysis of the percentage coverage of organisms 
was performed with the program Coral Point Count 
with Excel extensions (CPCe). Seventy-one species 
of macroalgae, five of seagrass and five of corals were 
identified. Coralline algae, sponges and sea urchins were 
also present. The results showed the organization of the 
beaches in two groups, one including the nearest to the 
urban area and under greater anthropogenic pressure 
and the other formed by the more distant ones. These 
two groups presented a Bray-Curtis average dissimilarity 
of 85.93%, with the highest contribution from the species 
Ulva pertusa, Padina boryana and Thalassia hemprichii, 
with U. pertusa dominating the shores near Pemba 
and P. boryana and T. hemprichii the distant ones. The 
results indicated differences in the composition of the 
communities of the two groups of beaches, with green 
macroalgae dominating the community on the urban 
shores suggesting disturbance and brown macroalgae 
and seagrass the distant shores. Urban beaches also 
presented lower specific richness and diversity. 

Keywords: Benthic community, photo-quadrats, 
bioindicators, disturbance

ORAL - Monday, G1, 1140 
Ten years monitoring of Reunion Island MPA 
recreational uses 

GWENAËLLE PENNOBER1, PHILIPPE ROUET2, 
STÉPHANIE GOUTORBE2, MELISSA MENGUIS2, 
JAIMIE MACHABEE2, PASCAL MOUQUET3, LOLA 
MASSÉ4 AND ANNE LEMAHIEU5 et1 

1UMR Espace-Dev, Université de La Réunion - IRD, BP 
50172 97492 Sainte-Clotilde Cedex 
2UMR Espace-Dev, Université de La Réunion, SEAS-OI, 
40 Avenue de Soweto, 97410 Saint-Pierre 
3UMR Espace-Dev, IRD, BP 50172 97492 Sainte-Clotilde 
Cedex 
4RNMR 39, rue du lagon, Dayot 1 97434 La Saline-les 
Bains 
5Rhodes University, Geography Department, 

6Constitution Street, 6139 Grahamstown, EC, South 
Africa 

Email: gwenaelle.pennober@univ-reunion.fr

In urbanised coastal environments, Marine Protected 
Areas (MPAs) are designed to protect biodiversity while 
integrating human activities. Despite directly impacting 
the environment, the range of coastal recreational 
activities broadly contribute to human well-being, 
through providing users with a cultural, recreational and 
aesthetic experiences. It is now acknowledged that the 
integration of users in scientific monitoring frameworks 
and decision-making contributes to the effectiveness 
of conservation through producing revenues and 
encouraging social acceptance. As a result, managing and 
monitoring recreational activities within these regulated 
environments is slowly being considered and integrated 
into MPA dashboards. 

The Natural Marine Reserve of La Reunion (RNMR) was 
established in 2007 along a fringing reef. The reef extends 
over forty kilometres along the western coast from Cap 
La Houssaye to Etang-Salé. Over the past decades, the 
west coast has been prone to rapid urbanization. The 
consequent increase of the coastal activity has highlighted 
new issues among which the potential impacts on the 
environment and conflicts that may result. Against a 
backdrop of the shark crisis, coastal activity has increased 
since 2010 and is seen through a marked growth in the 
number of coastal facilities, the island population (+6,7%) 
and the number of tourists (+9,5%). 

This presentation will show how the long-term 
monitoring of the recreational uses of the Reunion 
Island MPA (2010-present) has provided the managers 
with indicators aimed at assessing the direct human 
pressure and the effectiveness of the management. This 
observation of human activities and uses of resources has 
been supported by different programs that sometimes 
have different objectives. Currently, the monitoring 
is supported by the observatory of sciences of the 
University of La Reunion island (OSU-Reunion) and its 
partners (DEAL, RNMR). 

Based on the methodology developed in Lemahieu 
et al. (2010), flights in a ultralight aircraft were carried 
out 8 times/year on Sundays between 3:00 and 3:30 
p.m between 2010 and 2019. Photographs were taken 
continuously in order to record of the activities on the 
beaches and in the reef areas within the RNMR perimeter. 
The users, falling into 14 categories of uses e.g. swimming, 
sunbathing, surfing, scuba diving or fishing, were manually 
counted and data were entered into a database. Parallel 
to that, a GIS database was created to spatially-represent 
the data using the regulation spatial grid provided by the 
RNMR (27 sectors). The resulting database spans 10 
years and is managed by DBMS PostgreSQL, an open 
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source objectrelational database system that works 
well with the relational databases of GIS. On Ermitage 
sector, spatial data on geolocalized users was crossed 
with hyperspectral images and Lidar data of the local reef 
(projects Sprectrhabent-OI / Bioindication). This cross 
analysis enabled the researchers to address the topic of 
localized human pressure on reefs. 

Two broad types of results are available from analysing 
the database. Firstly, the database enables us to analyse 
the intensity and distribution of coastal uses over time. 
Considered as being accurate indicators of the pressure, 
peak usage was reached on a public holiday, the 11th of 
April, 2011 with 11084 users on the beach in the RNMR. 
In 2018, high scores were recorded at a higher frequency 
since more than 10,000 users were counted during 3 out 
of the 8 annual flights i.e. 10862 on the 18th of February, 
10630 on the 13th of May and 10,475 on the 15th of April. 

Ermitage Nord was found to be a sector where the 
evolution in the usage has been significant with a 10% 
average contribution to the global usage in 2018. A 
recent increase in the number of facilities, the proximity 
to popular spots (Roches-Noires) and the fact that the 
site is integrated into an urban environment can possibly 
explain this increased attractiveness. Parallel to this, the 
usage of « open-sea » beaches (no reefs) has remained 
low on this account of a set of decrees and governmental 
orders to close the sites to the public following a series 
of shark attacks. In Ermitage Sanctuaire and Trou d’Eau the 
usage importantly increased too. Secondly, the crossing of 
user data and Spectrhabent-OI reef data highlighted areas 
where high level of human activities were correlated to a 
low to non-existent coral cover mainly localized in sandy 
back-reef zones. In a previous 2009 assessment, these 
areas were already showing same kind of substrate types, 
and sectors like Ermitage Nord was shown to be vastly 
colonised by algae and seagrass. High rates of coral cover 
in these sectors are confined to the reef crest areas where 
the exposure to human activity is lower in comparison to 
the back reef and reef flat. 

In a changing social, political and demographic context, 
10 years of spatially-referenced coastal uses and activity 
data offer scientists and decision-makers a chance to 
understand the landscape evolution and address the 
human-environment interactions. This study allows us to 
monitor the usage, the activities at different spots over 
time, and the response to changes in a context of rapid 
development. The database allows researchers to address 
a range of topics. The most popular is the utilisation 
of data for the spatial analysis of human pressure on 
the environment. This study is a demonstration of 
engagement within the RNMR for the inclusion of the 
human dimension in their management and to ensure 
that the social-ecological methodological framework is 
being used to guarantee the success of the MPA.
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To investigate the genetic diversity and population 
structure of tiger prawn, tissue samples of Penaeus 
monodon and Penaeus semisulcatus were collected around 
Madagascar and in Tanzania. Mitochondrial Control 
Region (CR) and seven microsatellites loci were used 
as genetic markers. The obtained sequences were 
combined with those from previous studies. Sequences 
of P. monodon consisted of 761 CR sequences, which were 
collapsed into 199 haplotypes, while for P. semisulcatus, 
162 sequences were collapsed into 159 haplotypes. The 
(Indo-Malay Archipelago) IMA and (Western Pacific) 
WP had a higher genetic diversity than the Western 
Indian Ocean (WIO), the Southern Indian Shelf (SIS), 
and the Bay of Bengal (BoB) supporting the hypothesis 
highlighting that the origin of tiger prawn in the Indo-
West Pacific (IWP) is likely the region of the coral 
triangle. AMOVA suggest a significant and very great 
genetic differentiation across the IWP (φst = 0.73, p ≤ 
0.01 in P. monodon; φst = 0.57, p ≤ 0.01 in P. semisulcatus) 
but also a significant differentiation within the WIO (Fst 
= 0.1, p ≤ 0.01 in P. monodon; Fst = 0.12, p ≤ 0.01 in P. 
semisulcatus; φst = 0.02, p ≤ 0.01 in P. monodon; φst = 
0.04, p ≤ 0.01 in P. semisulcatus). The hierarchical AMOVA 
suggest the presence of the following populations across 
the IWP: (1) Kenya, Tanzania, (2) northwest Madagascar, 
(3) southern Madagascar, (4) northern Madagascar, (5) 
eastern Madagascar, (6) Persian Gulf, (7) South Indian 
Shelf and Bay of Bengal, (8) Gulf of Thailand, Eastern 
Indian Ocean, and South China Sea, (9) Philippines and 
Taiwan, and (10) Western Pacific. In general, geographic 
distance was not the motive of the observed genetic 
differentiation and population expansion was responsible 
for the genetic signature. However, recent population 
bottleneck is observed for sites that are geographically 
isolated (Persian Gulf), or site with no major sea currents 
occurring (south China, Gulf of Thailand, and Vietnam), 
and sites within shallow water (Z <100m). 
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The protection of marine biodiversity is considered a global 
priority, as exemplified in the Convention on Biological 
Diversity’s Aichi targets and in Sustainable Development 
Goal 14. Marine protected areas (MPAs) are considered 
to be effective conservation and fisheries management 
tools that generate various ecological and social-
economic benefits. MPAs come in all types and sizes, and 
are managed following different principles, users’ needs, 
and preferences. Madagascar’s unique marine biodiversity 
is currently protected under a range of MPA regimes that 
emerged comparatively recently, long after the terrestrial 
protected areas. This study describes the historical outline 
of the MPA development process in Madagascar and 
proposes inputs for the future management of MPAs. A 
policy arrangement approach to structure an iterative 
Delphi survey was used to analyse how discourse, actors, 
rules and resources have shaped MPA development 
in Madagascar. The findings suggest that international 
initiatives and funding have played a key role in the early 
days of MPA emergence, while currently co-management 
between governmental and non-governmental actors 
shows mixed results regarding conservation effectiveness. 
Challenges include a better coordination of efforts among 
various stakeholders, granting a large responsibility to 
local communities, e.g. in the successful locally managed 
marine areas (LMMAs), and integrating customary law 
into the set of regulations for marine conservation and 
sustainable management in Madagascar.
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The present study investigates the specific composition 
and temporal distribution of penaeid shrimps in the 
estuaries of Macuse, Bons Sinais and Chinde in the Sofala 
Bank, central region of Mozambique. Monthly biological 
data of penaeids accessible to artisanal fishery from 2009 
to 2017 were analysed to investigate temporal distribution 
patterns and species contribution for the catches. Five 
species of penaeid shrimp were recorded (Fenneropenaeus 
indicus, Penaeus monodon, Penaeus monoceros, Parapenaeopsis 
sculptilis and Penaeus japanicus). F. indicus dominated the 
catches at all estuaries, constituting about 74%, 61% and 
87,5% of the individuals observed in the estuaries of 
Macuse, Bons Sinais and Chinde, respectively. Our analyses 
suggest considerable changes in the species composition 
of the three estuaries with the appearance of P.scuptilis 
in the estuaries of Macuse and Bons Sinais from 2014 
and 2017 in Chinde estuary becoming the second most 
dominant species. F. indicus was registered at all months 
in all estuaries. P. sculpitilis was first registered in raining 
season, spreading at most of the mnths in the following 
years at all estuaries. P. monoceros and P. monodon was 
registered sporadically. This study of monitoring the 
species composition of the penaeid shrimps in the Sofala 
Bank ecosystem is a valid contribution and fundamental 
for understanding population dynamics and implementing 
appropriate management measures, especially for short 
life cycle species such as the Sofala Bank penaeid shrimps. 

Keywords: Penaeid shrimps, Specific composition, 
temporal patterns, Macuse, Bons Sinais and Chinde 
estuaries, Sofala Bank, Mozambique
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Background

The East African Community (EAC) is an intergovernmental 
organization (IGO) on the Western Indian Ocean (WIO) 
region. Currently, the EAC comprises of the States of 
Burundi, Kenya, Rwanda, South Sudan, Tanzania and Uganda 
and it has a land area of 2.5 million square kilometers 
and a market base of about 160 million people. Through 
Kenya and Tanzania, the only two coastal States of the 
Community, the EAC has a coastline of 1,950 kilometres 
and an Exclusive Economic Zone (EEZ) stretches over an 
area of 383,541 square kilometres. In its very simplified 
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form, the term blue economy is ‘sustainable use of the sea 
to meet human needs’ (Michel, 2016). The United Nations 
Economic Commission for Africa (ECA) in alignment 
with the 2050 Africa’s Integrated Maritime Strategy (2050 
AIMS) recognises inland and underground waters as 
parts of Africa’s version of blue economy (ECA, 2016 & 
2050 AIMS). In that case, the EAC has, for blue economy 
purposes, 113,608 square kilometres of inland waters in 
addition to its maritime waters. Those waters (marine and 
inland waters of about half a million square kilometres) 
and resources therein, together with bustling coastal 
regions, greatly support social-economic developments 
of the Community. The EAC seaports, mostly the Port of 
Mombasa (Kenya) and the Port of Dar-Es-Salaam (Tanzania), 
provide necessary gateway for over 95 per cent of EAC’s 
international seaborne trade by volume. Additionally, these 
ports facilitate international seaborne trade for a number 
of other African landlocked States. Nonetheless, insecurity 
in the EAC’s maritime domain weakens the regional blue 
economy initiatives. It’s worth noting that through Kenya, 
the EAC shares both land and sea borders with Somalia. 
This increases security vulnerability of the Community, 
mostly at sea where there is no physical boarder to be 
observed or policed. For many years, following escalation of 
Somali-based piracy, the EAC maritime domain was marked 
as among the High Risk Areas (HRA) for maritime piracy in 
the Indian Ocean. Although from 2015, much of the EAC’s 
maritime Domain has been scaled down from HRA to risk 
area, sailing in these waters attracts some additional costs 
through improved maritime security measures taken by 
shipping companies, hence increases the shipping costs to 
the EAC region. Huge oil and gas reserves found in the EAC’s 
maritime domain, open doors for the world superpowers 
to compete for energy supply. However, that would need 
a close supervision of the EAC. This study examines as to 
why the EAC, unlike other IGOs of the same nature, does 
not take a leading role in governance of its maritime domain 
in order to promote blue economy in the region. 
Method

The study mainly uses descriptive analysis of previous 
studies and analysis of the current maritime security 
situations in the entire WIO region. 

Results

The study reveals that despite that facts that the EAC’s 
maritime domain is prone for piracy, maritime terrorism, 
armed robbery against ships at sea, illegal fishing, drugs and 
human trafficking, there are neither strong harmonised 
efforts among member States nor at the EAC level to 
collectively address the security threats. The ongoing Kenya-
Somali maritime border dispute is further hampering some 
of regional oil and 2 gas and fisheries investments, hence 
weakening the blue economy initiatives. With ongoing 
massive exploration and discovery of off-shore oil and gas, 
superpower such as the US, and hard powers such as China, 
India and the EU, see the EAC region potential as a reliable 
future source of energy supply. However, their race for the 
EAC’s energy resources could potentially turn the EAC into 
a complex security region. 

Conclusion

Maritime security is a necessary component in any 
blue economy strategy of a national or regional body. 
The EAC is no exceptional to that notion. Inability 
of the EAC to take a leading role in maritime security 
governance and promotion of the ongoing blue economy 
initiatives is partly influenced by structural inbuilt flaws 
of its Secretariat. The EAC’s Secretariat does not have 
enforcement capabilities on member States in the areas 
of maritime security. Lack of Community’s maritime policy 
and strategy is also matter of concern. Despite the fact 
that the EAC’s maritime industry greatly supports regional 
social and economic developments, there is, currently, no 
detailed study suggesting the extent of contributions of 
and challenges facing the EAC’s marine-based economy 
(blue economy), including the maritime security threats. 
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Impacts of current and future Saltwater intrusion 
on livelihoods in coastal communities of Pemba and 
possible solutions to reduce impacts, enhance the 
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Pemba is a low-lying island located off the coast of 
Tanzania in the Western India Ocean. Over 30% of its 
area is less than 10 metres above sea level and as a 
result, the island experiences major impacts from salt 
water intrusion (SWI), which contaminates drinking 
water and agriculture land, leading to social, economic 
and environmental impacts on coastal communities. The 
impacts of SWIcompounds the high background levels of 
poverty and environmental degradation among coastal 
communities. Salt water intrusion is a natural process, 
and it is caused by tidal fluctuations, fractures in coastal 
rock formations and storm surges. However, salt water 
intrusion rates have been increasing on Pemba in recent 
years for two reasons. The first is increasing human 
interventions, such as the cutting down of mangroves, 
sand mining along the beach and poor farming methods. 
The second is due to climate change, from rising sea-levels 
and increasing wind and wave strength. This research is 
employing a multidisciplinary approach, including review, 
analysis and surveys, to measure current SWI risks and 
to investigate the attribution between natural and man-
made influences. It is analysing and quantifying the socio-
economic drivers and impacts of salt water intrusion, 
including gender and distributional differences. It is also 
looking at how saltwater intrusion impacts could change 
over future decades, in particular with the threat of sea-
level rise, and assessing the future impacts on coastal 
communities, the environment and the wider economy. 
To address these challenges, the research is also reviewing 
and assessing alternative solutions for addressing saline 
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water intrusion problems. This is looking at various 
approaches that could tackle the human drivers of salt 
water intrusion, but also adaptation response that could 
reduce or prevent the physical impacts of sea level 
rise. A particular focus of the research is to evaluate 
environmentally sustainable, ecosystem-based responses 
for addressing salt water intrusion impacts, looking at 
options that can provide environmental and community 
livelihood benefits. The results will provide key policy 
relevant information to help reduce the drivers and 
impacts of salt water intrusion on Pemba. 
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Pompano fishes are commercially important and 
represent highly demanded fishes which command high 
price in the seafood market in East Africa. Nonetheless, 
Pompano have received relatively little scientific 
attention in the region despite the ecological and 
economic importance they have. The study was carried 
out to investigate Silver pompano fish temporal, spatial 
distribution and abundance variations in different sites, 
growth type and size structure in Zanzibar coastal waters, 
Tanzania from April 2013 to March 2014. Sampling was 
done using visual catch assessment from local fishers at 
their landing sites and beach seining for juveniles during 
rainy and dry seasons. The species abundance was 7.6 
percent of the total catch and attaining the highest peak 
catch during October and November, which coincide 
with north east monsoon season (NEM). The results 
show that there were significant differences in catch 
rates between rainy and dry seasons (F (12, 12) = 2.69; 
p <0.05). The rain in NEM season recorded higher catch 
rates (0.26 kg/man/hr) than during the dry in SEM season 
(0.06 kg/man/hr). Juvenile T. blochii occurred year round 
and were found in sandy and sandy beach with some 
rocky outcrops. The coefficient b of the length-weight 
relationships indicated negative allometric growth (w 
= 0.129Tl2.351 r² = 0.976, b<3) for juveniles, sub adults 
and adults of T. blochii. The sex ratio was not significantly 
different from the expected value of 1:1 (χ2=0.06, df = 
1, p>0.05). The length frequency distribution showed the 
species was numerically dominated with fish sized <49cm 

TL. These results will be convenient for fishery biologists 
and ecologists to recommend suitable guidelines for 
sustainable fishery management, conservation of its 
numerous stocks and aquaculture in the Zanzibar coastal 
waters, Tanzania and neighbouring countries. 
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Pompano fishes are commercially important and 
represent highly demanded fishes which command high 
price in the seafood market in East Africa. Nonetheless, 
Pompano have received relatively little scientific 
attention in the region despite the ecological and 
economic importance they have. The study was carried 
out to investigate Silver pompano fish temporal, spatial 
distribution and abundance variations in different sites, 
growth type and size structure in Zanzibar coastal waters, 
Tanzania from April 2013 to March 2014. Sampling was 
done using visual catch assessment from local fishers at 
their landing sites and beach seining for juveniles during 
rainy and dry seasons. The species abundance was 7.6 
percent of the total catch and attaining the highest peak 
catch during October and November, which coincide 
with north east monsoon season (NEM). The results 
show that there were significant differences in catch 
rates between rainy and dry seasons (F (12, 12) = 2.69; 
p <0.05). The rain in NEM season recorded higher catch 
rates (0.26 kg/man/hr) than during the dry in SEM season 
(0.06 kg/man/hr). Juvenile T. blochii occurred year round 
and were found in sandy and sandy beach with some 
rocky outcrops. The coefficient b of the length-weight 
relationships indicated negative allometric growth (w = 
0.129Tl2.351 r² = 0.976, b<3) for juveniles, sub adults 
and adults of T. blochii. The sex ratio was not significantly 
different from the expected value of 1:1 (χ2=0.06, df = 
1, p>0.05). The length frequency distribution showed the 
species was numerically dominated with fish sized <49cm 
TL. These results will be convenient for fishery biologists 
and ecologists to recommend suitable guidelines for 
sustainable fishery management, conservation of its 
numerous stocks and aquaculture in the Zanzibar coastal 
waters, Tanzania and neighbouring countries. 
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Background 

The Tanzanian offshore and particular pelagic fish 
resources are underexploited due to inadequate 
knowledge of locating potential fishing grounds. Pelagic 
fish resources especially Tuna and tuna-likes species 
are migratory and distributed over very large oceanic 
extent of fishing potential. The wide distribution cause 
longer search time which is costly and time consuming. 
Therefore, predicting fishable aggregations make the 
search more e cient and ffi economical. To achieve this, it 
would be useful to analyse long–term fish catch rate and 
oceanographic data that could a ect the temporal and 
spatial distribution of ff pelagic fish resources. 

Methodology 

8 days mean values of Chlorophyll-a (Chl-a) and Sea surface 
temperature (SST) were derived from images of Moderate 
Resolution Imaging Spectroradiometer Satellite (MODIS) 
at 4km spatial resolution obtained from an e-station at 
Tanzania Fisheries Research Institute - Dar es Salaam. The 
Chl-a and SST data used in this study were from pilot fishing 
grounds frequently visited by artisanal fishers targeting tuna 
and tuna-like species. Cath rates of Kawakawa tuna were 
obtained from artisanal fishers at Nungwi northern tip of 
Unguja island, Fundo at Pemba island and Deepsea landing 
site at Tanga. Two statistical models, generalized linear model 
(GLM) and generalized additive model (GAM) were applied 
to assess the relationships between catch rate of Kawakawa 
tuna and satellite derived Chl-a and SST. 

Results 

The results indicated that there was a significant 
correlation between SST and Chl-a (r 2 = 0.4, p<0.03). 
Furthermore, there was positive significant correlation 
between catch rates of Kawakawa tuna and Chl-a (r 2 
= 0.6, p0.05). The potential fishing ground of Kawakawa 
tuna was found in Pemba channel (at accuracy of 80%). 

Conclusion 

This study indicated that, with the integration of remote 
sensing technology, statistical modeling and geographic 
information (GIS) technique were able to determine 
the relationship between SST and Chl-a and thus able 
to forecasting aggregation of Kawakawa tuna. This may 
contribute in fishers decision making and reducing 
hunting time and cost in fishing activity as well as in 
management of Kawakawa fishery. 

Keywords: Catch rate, Remote sensing, Sea surface 
temperature, Chlorophyll-a, GLM, GAM, Kawakawa 
tuna.
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Background 

There has been a gap in knowledge and information 
about the mesophotic benthic ecosystems, their extent 
and distribution, and their associated fish communities in 
the waters around the Comoros islands. The mesophotic 
zone (~30-150m) is likely to be highly significant in 
supporting sustainable inshore fisheries on which coastal 
communities depend, and important refugia for organisms 
from the impacts of climate change. Much of the fishing by 
small boats is into this zone, yet in situ data about these 
fish populations, and the impacts on the ecosystems, 
to complement fisheries catch data is largely absent. 
Furthermore, the impacts of fishing and other activities 
on the benthic biodiversity in this zone are not known or 
studied in the Comoros. This study aims to contribute to 
better understanding of the nature of benthic ecosystems 
and fish communities in the mesophotic zone in the waters 
of Comoros, as well as to promote common experience 
and knowledge amongst the in-country coastal science, 
management and resource use players about the types 
and state of these ecosystems. It aims to highlight the 
sensitive biodiversity areas, key threats to them, and the 
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implications and management interventions required. The 
project also aims to gain an understanding of the links 
between the shallow ecosystems and the mesophotic 
zone, and the importance of deeper systems in sustaining 
inshore fisheries. The overall objectives of this study are to 
i) improve the knowledge of the biodiversity of important 
deep marine ecosystems in the Comoros Archipelago, 
ii) Improve knowledge of fish species composition and 
abundance on deeper mesophotic reefs, and the role of 
these reefs in sustaining inshore fisheries, iii) Build civil 
society capacity for engaging in generating marine science 
knowledge, and contributing to the conservation of 
biodiversity and the sustainable management of fisheries. 
This project was made possible by support from the 
Critical Ecosystems Partnership Fund (CEPF). 

Methods 

During the 20-day expedition aboard the 72ft research 
vessel RV Angra Pequena, surveys of biodiversity and fish 
communities were done using a Remotely Operated 
Vehicle (ROV) and Stereo Baited Remote Underwater 
Videos (SBRUV), equipment provided by the African 
Coelacanth Ecosystem Programme (ACEP) part of the 
research platform managed by SAIAB. Previous shallow 
reef surveys around two islands (Grande Comore and 
Moheli, 2010, 2016) by CORDIO were repeated and 
Anjouan island added providing the first photic reef 
scubabased surveys at this island, and to compare the 
condition of the areas over time, and to understand the 
difference between the shallow and deeper reef habitats. 

Results 

Preliminary analyses show a shift with depth from the 
hard corals, which dominated the photic reefs, to high 
percentage cover of various species of sponges and soft 
corals, including large sea fans and black corals, in the 
deeper mesophotic (40-200m) reefs on all three islands. 
In general, the conditions of the deep reef benthic 
invertebrate communities at Grande Comore and 
Anjouan islands were good but the very low numbers 
of fish were striking. In contrast to the habitats at depth, 
the shallow reefs on these two islands showed signs of 
severe degradation, most likely due to bleaching and 
heavy fishing, possibly including dynamite fishing. Large 
amounts of plastic and general trash were observed 
on both shallow and deep reefs on these two islands. 
In contrast, reefs within the Moheli Island MPA were 
in comparatively good condition, and the shallow reefs 
had healthy, hard corals that appear to have escaped 
recent bleaching, and groupers were relatively abundant 
compared to areas outside of the MPA. 

Conclusions 

The 2018 marine expedition into the Comoros provides 
the first visual mesophotic surveys conducted in the 
deeper habitats (the depth between 40m and 200m) of 
the waters around the Comoros Archipelago, and enabled 
a repeat of shallow reef surveys conducted by CORDIO 
previously. Additional highlights of the expedition were 

engagements between the expedition team members 
and members of key organisations in the Comoros, 
including the University of Comoros. The local NGO 
UMAMA hosted a community meeting in the Sima village 
on Anjouan Island and AIDE hosted similar meetings on 
Grande Comore and Moheli Islands. The purpose of the 
gatherings was to share the first visuals of their deep 
marine environment and invite participation. Fishers 
joined the scientists aboard the vessel to witness first-
hand images of the mesophotic reefs and fish on the on-
board live ROV video feed. The project team also visited 
the Museum and Centre National de Documentation et 
de Recherche in Moroni and presented them with some 
samples and photographs from the surveys. 

Keywords: Mesophotic reefs, Comoros, Reef refugia 
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Artisanal Fisheries is one of the most important coastal 
activities in Zanzibar. This small-scale fishery is vital for 
the livelihoods, food security and well-being of coastal 
communities in Zanzibar. The artisanal fisheries supply 
not less than 95% of the marine catch in Zanzibar which 
is the principal source of animal protein. Currently, the 
total fish production is 33,892 tons and the per capita 
consumption is 22kg/person annually. Fisheries data 
are paramount important in fisheries management and 
development, its important led to conduct fisheries 
frame survey after at least four years. The surveys aim 
to obtain fisheries essential information through landing 
sites to provide a sound basis for fisheries development 
planning and management decision making. The surveys 
have been conducted using designated methodology 
which directs towards better metadata. The survey 
always starts with providing Training for enumerators and 
awareness to stakeholders including local community 
fishers for all Zanzibar 217 landing sites. A structured 
questionnaire developed and used for collecting data 
during the interview and observation with the fishers 
and other stakeholders at landing sites. The raw data 
were analyzed through developed database and report 
developed. This survey indicates the increase of landing 
sites of Zanzibar by 31% compared to that of 2007. The 
number of fishers has tremendously increased from 
34,269 in 2007 to 49,332 in 2016 which is an increase 
of 44% in 9 years’ interval. Female fishers were 17% 
which increased by 33% of that of 2007 from 4178 to 
8257. Fishing vessels increased by 17% from 7,282 to 
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8,524 while engines increased by 83% from that of 2007. 
Generally, fishing gears increased by 49% which means; 
hand lines by 34%, traps by 46% and long lines 73%, 
and spear & Umango by 74%. The fisheries production 
data and frame surveys indicates that in 2003 catch per 
unit efforts (CPUE) was 1.12 MT while that of 2016 is 
0.69MT which shows decreasing trend of CPUE. The 
increasing of population and fishing efforts in artisanal 
fishing grounds has led to high fishing pressure which 
causes the decreasing of fish stock. Although the 
number of illegal fishing gears is slowly decreasing but 
the fisheries stock is also decreasing therefore, this 
survey recommends (i) Controlling access in fishing 
grounds and species/fish type to nourish exploitable fish 
biomass (ii) improving priority fisheries management 
plans and MCS strategy. (iii) Develop Youth and Women 
employment strategy in fisheries. (iv) Establishment and 
maintain the Fishers Savings and Loans to access deeper 
sea fishery. (v) Strengthening fisheries co management 
system and (vi) Strengthening boat making industry 
and fishers vocational training centers. By doing so, 
the Zanzibar fisheries will prosper by grasping priority 
fisheries management regime. . 

Keywords: Artisanal, fisheries, survey, Fishers, vessels, 
Gears, stock, CPUE
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Tropical coral reefs, which provide major services for 
over 500 million people, face severe challenges, such as 
temperature increase causing frequent deadly bleaching 
events, and local impacts resulting from intensive use 
and pollution. Elaboration of scientific tools which allow 
to extrapolate reef dynamics in detail, assess impact of 
various drivers and thus evaluate sustainable management 
schemes is necessary. However, the resulting scientific 
knowledge often remains inaccessible for management 
authorities and ecosystem users. Furthermore, it is highly 
desirable to transfer results into the public for better 
understanding of underlying processes, management 
measures, decisions and awareness building. To address 
these issues, we have developed a scientific agent-based 
simulation model which integrates reef components and 
their spatial interactions and captures reef reactions to 

various impacts. The model allows to project community 
development under different scenarios of elevated 
water temperature and other disturbances. The results 
indicate threshold for disturbances and for elevated 
temperature in dependence of the frequency of bleaching 
events. The speed of adaptation to temperature rise 
is decisive for survival of coral traits and the resulting 
community composition.  Novel visualization and gaming 
technologies, such as virtual-reality (VR), offer the 
potential to close the gap between scientifically-sound 
simulation models and the general public’s understanding 
of processes, drivers, and trajectories of coral reefs. 
Immersing non-specialists in a virtual environment that 
lets users interactively experience a simulated reef like a 
real one will create a high degree of presence and, thus, 
belief in the simulation. Showing them the extrapolations 
of the simulation model of the reef in a time-lapse model 
greatly facilitates comprehension of complex forecasts 
even for non-experts working in political, societal, 
and economic sectors. Our presentation will give an 
overview on how agent-based simulation models of coral 
reefs serve as “virtual laboratories” to analyze coral reef 
developments under different environmental and use 
conditions. We will present techniques to generate 3D 
virtual environments automatically in real-time based on 
these models, allowing for a full immersive experience. 
This innovative approach for underwater modeling 
provides an interactive and dynamic framework to test 
different scenarios and outcomes on reef development 
and, thus, will contribute to public understanding and 
awareness building for threats to fragile ecosystems. 
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Sofala Bank is the most important fishing region in the 
continental shelf of Mozambique. The productivity of 
the Bank is mainly influenced by the entry of terrestrial 
nutrients from Zambezi River (one of the largest rivers in 
Africa) and the extensive mangroves that provide shelter 
for marine organisms. Apart from the river discharge, 
several other factors can control the productivity of 
coastal zones and continental shelves. These other 
factors include local currents, winds and global weather 
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events such as El Niño Southern Oscillation (ENSO). 
The concentration of chlorophyll is widely used to 
access trophic conditions and productivity of estuaries, 
coastal waters and open sea. The concentration is 
generally proportional to phytoplankton biomass and 
can easily be measured by remote sensors onboard 
orbiting satellites. This study investigates the seasonal 
variability of the chlorophyll concentration measured 
by the MODIS sensor onboard of the Aqua satellite in 
the Sofala Bank, and its relationship with precipitation, 
Zambezi River discharge, wind speed and ENSO 
phenomenon during the period 2003-2013. Climatology 
of monthly averages of chlorophyll concentration and 
spatial correlation coefficients between each of the 
forcing parameters (precipitation, river discharge, wind 
intensity and Niño-3.4 index) and chlorophyll were 
determined. The results of the monthly climatological 
averages of chlorophyll concentrations indicates that 
the chlorophyll had two regimes. The high regime, with 
concentrations varying between 3.5 and 4 mg m-3 in the 
plume cores, occurs between January and April, a period 
characterized with high Zambezi River discharge. The 
low regime, with concentrations below 3 mg m-3 in the 
coastal plume nuclei, extended from May to December, 
the period of lower discharges in the Zambezi River. 
The spatial correlations of precipitation in the Zambezi 
River flow and chlorophyll concentrations shows that as 
precipitation influences chlorophyll concentrations along 
the entire Sofala Bank coast, the flow of the Zambezi 
River mainly influence in the central region. The spatial 
correlation between wind velocity and chlorophyll 
concentrations suggests that, although it is not the main 
forcing component, the south and southeast winds that 
dominate the wind field in the Sofala Bank may play an 
important role in the distribution of chlorophyll, pushing 
the offshore water poor in chlorophyll to the shore 
region. The Niño-3.4 index had negative and statistically 
significant correlations with chlorophyll concentrations 
in the central region of the Sofala Bank, influenced by 
the Zambezi River, suggesting that the ENSO signal in 
the Sofala Bank is brought by the Zambezi River flow. 
As a consequence of ENSO, chlorophyll concentrations 
in regions under the influence of the Zambezi River may 
decrease by more than 0.4 mg m-3 during El Niño and 
increase by a 0.4 mg m-3 during La Niña. The results of 
this study may help explain the spatial variations and 
inter-annual fluctuations of fish in the Sofala Bank. 

Keywords: Sofala Bank, remote sensing, chlorophyll, 
discharge of the Zambezi River, wind speed, ENSO 
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The Seychelles Marine Spatial Planning (SMSP) 
Initiative is focused on planning for, and management 
of, the sustainable and long-term use and health of 
the Seychelles’ ocean. The SMSP is a government-
led participatory process, facilitated by The Nature 
Conservancy, and takes an integrated, multi-sector 
approach to expand marine protection to 30%, support 
the Blue Economy Roadmap, and address climate 
change adaptation in Seychelles. The process began 
in early 2014 and will be completed by 2020, with 
implementation in 2021. The implementation phase of a 
national marine spatial plan has been a key consideration 
since before the start of the initiative. The Seychelles 
debt conversion was designed so that there would be 
a long-term funding mechanism in the form of a trust 
– Seychelles Conservation and Climate Adaptation 
Trust (SeyCCAT) – that would partially fund the MSP 
as well as provide grants for marine conservation 
efforts in support of conservation and climate change 
priorities for Seychelles including sustainable economic 
development or initiatives. As well, several guiding 
principles for decisions, developed by the stakeholders 
in 2014, reflect the importance of implementation 
in the design of the marine plan: feasible, practical, 
implementable, affordable. The implementation of 
the SMSP involves several components: monitoring, 
enforcement, ocean authority, and adaptation or revision 
over time. The SMSP zoning designs are also being 
developed in consultation with the Seychelles Maritime 
Safety Authority (SMSA), Seychelles Fishing Authority, 
as well as the Coast Guard, Port Authority, National 
Information Sharing Coordination Centre (NISCC) and 
Regional Coordination Operations Centre (RCOC). 
The entities responsible for monitoring, compliance 
and enforcement have provided significant input in to 
the design proposals including the overall concept of 
the zones across the 1.37 million square kilometer 
Exclusive Economic Zone and the best zoning design(s) 
to support monitoring and ensure high levels of 
compliance, for example, straight lines and simple 
shaped polygons (square, rectangles). In addition, the 
SMSP is working with consultants to determine an 
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estimate of the cost of implementing the new marine 
protection and sustainable use zones including the 
costs to a government agency to implement the plan. 
Successful implementation is a necessary outcome of 
the MSP process and in the Seychelles, these discussions 
started at the beginning of the planning and have 
informed and led to improvements to the zoning design 
among other considerations. These discussions about 
implementation during the planning process will also 
ensure that the marine zones can be fully implemented 
once the marine spatial plan is completed and effective 
monitoring can be done to evaluate the effectiveness 
of the zones to meet the objectives for biodiversity 
protection, support the Blue Economy Roadmap and 
address climate change adaptation. 

Keywords: MSP, marine protection, zoning design, 
implementation, financing, Seychelles
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Background 

Mangrove plant species are a valuable source of useful 
metabolites with their endophytes gaining more 
importance. They have been used in folklore medicines 
and extracts from mangrove species have been known to 
exhibit activity against human, animal and plant pathogens. 
Endophytic fungi are a group of fungi that colonize living 
internal tissues of plants asymptomatically. They represent 
an important and quantifiable component of fungal 
biodiversity, affecting plant community biodiversity and 
structure. Studies have revealed that, these fungi have 
been found in every plant examined to date and possess 
the potential source of natural products for exploration in 
medicine, agriculture and industry. Recent studies have also 
revealed the uniqueness of endophytic fungi with about 
1 million species inhabiting plant tissues. Endophytes in 
mangrove species along the Kenya coast have been scarcely 
investigated. The microbial resources of the earmarked 

coastline, particularly the endophytic populations in the 
mangrove plants, are under explored. This study sought 
to culture, isolate and characterize mangrove fungal 
endophytes of the earmarked regions of coastal Kenya. In 
the present work, the diversity of fungal endophytes from 
stems of four common mangrove species was investigated 
from Tudor (040 00 ‘ 19.2’ S, 0390 38’ 8.2’’ E; 040 00’ 18.2’’ 
S, 0390 38’ 17.1’’ E;), Mombasa County, Gazi bay (040 25’ 
32.2’’ S, 039 0 30’ 28.1’’ E; 040 25’ 09.1’’ S, 039 0 30’ 41.0’’ 
E; 040 25’ 07.1’’ S, 039 0 30’ 39.3.0’’ E;) of Kwale County 
and Mida creek (030 21’  060’’ S, 039 0 56’ 19.3’’ E; 030 
21’ 07.5’’ S, 039 0 56’ 30.1’’ E; 030 21’ 07.9’’ S, 039 0 56’ 
30.8’’ E;), Malindi in Kilifi County. The sampled mangrove 
species in different zonation were: Rhizophora mucronata, 
Sonneratia alba, Avicennia marina and Ceriops tagal. 

Methods 

Four common mangrove species were identified in each 
location for sampling. 72 Stem cuttings of the mangrove 
plants were transferred to the laboratory where the 
tissue segments were surface sterilized with 1% sodium 
hypochlorite and endophytes isolated according to Arnold 
with a few modifications. Traces of sodium hypochlorite 
were removed and then rinsed in sterile distilled water 
before treatment with 90% ethanol. The outer tissues 
from the stems were removed after drying the plant 
tissues under sterile laminar air flow and passing through 
the flame. The internal tissues were then cut into smaller 
pieces of 0.5 to 1cm and plated on Potato Dextrose 
Agar (PDA) to capture a broad spectrum of the fungal 
community. The plates were later incubated at 25°C for 
21 days. Hyphal tips of fungi, emerging out of the plant 
tissues, were isolated and grown on PDA in pure culture. 
Pure cultures were grouped into morpho taxa by using 
vegetative features that conservatively indicate species 
boundaries defined by molecular markers. For tentative 
identification, microscopic slides of each endophyte were 
prepared by placing a drop of lacto phenol- cotton-
blue on a clean slide. A small tuft of the fungus sterilized 
inoculation needle with spores and spore bearing 
structures was placed onto the drop. The stain was mixed 
with the mold structures and a cover glass was placed 
over the preparation. The slides were observed under a 
light microscope, a Primostar. The morphological features 
of the endophytes were photographed and processed by 
an Axiocam ER 5s camera linked to a Zen blue 71 software. 

Results 

The mangrove endophytes were distinguished from each 
other by their cultural characteristics such as colony 
morphology, growth rates, hyphal characteristics and 
pigmentation of the fungal colony. At least 8 endophytic 
fungal strains were identified morphologically. The results 
have shown that endophytic fungi from these mangrove 
species are diverse and exhibit host-recurrence and 
spatial heterogeneity. White, brown, cream and green 
mangrove fungal endophytes were found to be dominant 
with the highest colonization rate accordingly. 
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Conclusion 

Mangrove fungal endophytes isolated in this study will be 
mass cultured and investigated further for the presence 
of secondary metabolites with interesting biological 
activity profiles. The study has established that fungi 
growing in healthy mangrove tissues of coastal Kenya 
are indeed diverse in nature. The results of this study 
are supported by other endophytic reports of mangrove 
species elsewhere. The outcome of this study has great 
implications for the pharmaceutical industry at the same 
time enhancing the conservation efforts of mangroves 
along the Kenya coast. 

Keywords: Diversity, Mangrove endophytic fungi, 
Spatial heterogeneity, Host recurrence, Coastal Kenya
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In the seagrass zone of Toliara (southwestern 
Madagascar), the local small-scale fishermen deploy seine 
mosquito nets that likely affect the structure of seagrass 
meadow systems and associated fishes. Nevertheless, 
the responses of these associated fishes communities 
to the intense marine resource exploitation using such 
destructive fishing gear remain unknown for the WIO 
region, especially in southwestern Madagascar. The 
present study aims to evaluate the trophic diversity of 
fishes living in seagrass beds and to assess their trophic 
plasticity. More specifically, we compared the diet of 
two dominant species in the catches of local fishermen 
(the rabbitfish Siganus sutor and the goby Oplopomus 

oplopomus) and we evaluated the potential variation in 
their trophic ecology. The sampling of fishes was achieved 
by collecting the catches of two small-scale fishermen 
using seine mosquito nets off Ankilibe only in December 
2017, off Ankilibe and Sarodrano in December 2018. 
This sampling strategy allowed us to make spatial and 
temporal comparisons. In order to assess the diet of 
these two dominant fish species, stomach content 
analyses were performed on 40 specimens/species/
village/year. Using a binocular microscope, animal preys 
were identified at class level and assigned to planktonic 
or benthic compartment. Plant items were classified as 
either phytoplankton, fragments of algae, or seagrass. The 
trophic niche of each fish population was quantified in 
two ways: as a percentage of occurrence and as a mean 
percent composition of each item in the gut content. 
The rabbitfish has gut filled by 50% of detritus, 40% of 
fragments of seagrass, and 10% of phytoplankton. The 
diet of the goby was more diversified and composed of 
40% of detritus, 25% of copepods, 30% of gastropods 
(body or just operculum) and 5% of ostracods. The 
results of isotopic analyses (in progress), will improve our 
knowledge of the diet of these two fish species, which 
are decreasing progressively in small-scale fishermen 
catches due to heavy fishing pressure. 

Keywords: seagrass, fishes, gut content, stable isotopes, 
trophic diversity, Madagascar
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Background 

Pemba Island harbors some of the most important reefs 
in East Africa that support fisheries, which is among the 
most important socio-economic activity that supports 
the livelihoods of local communities in Pemba Island. The 
reefs in turn harbor diverse groups of fish, some being 
consumed domestically, while others are caught for 
commercial trade. Pelagic fishes are among the major fish 
groups that are being consumed locally. Their preference 
for local consumption is mainly attributed to the fact 
that they are among the group of fishes that are sold 
at affordable prices by most local communities. In this 
regard, pelagic fish resources are increasingly receiving 
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local attention. However, in spite of their importance, 
no outstanding research study has been conducted to 
elucidate the inter-relationship between the Pemba 
Island reef water productivity (especially phytoplankton 
productivity) and the pelagic fish resources. The present 
study has therefore been conducted to address this 
research gap. Understanding the relationship between 
phytoplankton production and fisheries is crucial to 
identifying potential areas for fishing, an important piece 
of knowledge currently needed by both the local fishers 
in Pemba Island and the fisheries resource managers. 

Methods 

The data for this study included: 1- the satellite acquired 
remote sensing data, namely chlorophyll-a and sea 
surface temperature (SST), 2- in situ measured data and, 
3- the pelagic fisheries fish catches (landings) data. All 
the 3 datasets were collected off the western reefs of 
the Pemba Island and the satellite derived measurements 
along with the fish catch data were collected over an 
extended period of time (several years) while the insitu 
measured chlorophyll-a and SST were acquired during 
the northeast (NE) and southeast (SE) monsoon seasons 
(within a duration of 2 weeks during each season). A 
number of the ocean physio-chemical parameters (pH, 
dissolved oxygen (do), sea water temperature, salinity, 
total dissolved solids and conductivity were collected 
for an extended period of 10 months (Dec 2017 – 
October 2017. The remote sensing datasets (both 
chlorophyll-a and SST) consisted of 1km resolution and 
16 years (2002 – 2018) data from Moderate Resolution 
Imaging Spectroradiometer (MODIS) obtained from 
the Plymouth Marine Laboratory Geonet cast receiving 
station. The fish catch data covered a duration of 9 years 
(2010-2018). 

Results 

The results showed that chlorophyll-a were relatively 
higher during the SE monsoon, with a peak in August 
(0.287mg-3) compared to the NE monsoon season values 
(0.211mg-3). By contrast the SST was relatively higher 
during NE season with highest temperatures in March 
(29.3oC). During the SE monsoon season the SST ranged 
from at 25.8oC to 27.0oC with lowest temperature 
occurring in August. The results of the analyses of the 
relationship between fish catches and environmental 
parameters revealed that Anchovies and Mackerel had 
positive correlation with chlorophyll-a while sardines and 
tuna had a negative correlation with chlorophyll-a, but 
with a positive correlation with the SST. The observed 
negative correlation between Chlorophyll-a and SST 
suggest that the rising temperatures have negative 
impact on phytoplankton productivity. The observed 
chlorophyll-a peak in August could be associated with 
strong winds which leads to high turbulence of water, 
allowing nutrients from deeper waters to upwell to the 
surface. By contrast, the low chlorophyll-a abundance 

during the NE monsoon season could be influenced 
by vertical stratification of the water column due to 
warmed sea surface waters and less wind turbulence. 
From the presented results it was therefore concluded 
that the relationship between pelagic fish catches and 
environmental parameters (chlorophyll-a and SST) is 
species dependent. The fish catches of some pelagic 
fish species tend to be favored by the abundance of 
phytoplankton productivity, while others were favored by 
the warmed sea water. Management of the two types of 
fish species by the fisheries managers and policy makers 
would therefore require different approaches. 
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Madagascar is a hotspot of marine biodiversity with 
numerous endemic species. A recent update of the 
checklist of fish species of Madagascar recorded nearly 
1,576 marine bony (Osteichthyes) fish species, 37 
(2.3%) being endemic to Madagascar. To date species 
identification in Madagascar has been mostly based on 
morphology and meristics of adult individuals. However, 
in the southwestern part of the country, the catches of 
small-scale fishermen often include juveniles that can be 
difficult to identify apart from molecular tools. Three 
years of fish post-larval survey using light traps and two 
years of small-scale fisheries monitoring using bottom 
seine allowed to enhance our knowledge on Malagasy 
fish biodiversity. An approach based on high-quality 
photos combined with CO1 barcoding was adopted for 
assigning species names. As a result, a total of 119,500 
individuals were collected and up to 1,100 individuals 
were successfully barcoded. A total of 387 taxa were 
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recorded: 238 from light traps, 232 from bottom seines, 
and 83 being observed in both sampling gears. Among 
the 232 taxa from bottom seines catches, 101 comprised 
only juveniles, 104 consisted of juvenile and adult stages, 
and 27 comprised only adults. Among the 387 taxa, 85 
(22%) were identified thanks to the morphology only 
(27 at the species level, 58 as morphospecies) and 302 
(78%) using CO1 barcoding (146 at species level, 126 
at genus level, 29 at family level, and one at subclass 
level). Therefore 302 Barcode Index Numbers (BINs) 
were obtained, 34 being new for the BOLD database, 
and 182 new for Madagascar. By referring to the updated 
checklist of fishes of Madagascar, eight (8) new species 
for Madagascar were detected but this value will 
probably increase when all the barcoded specimens 
will be identified at the species level. These preliminary 
findings clearly stress out our poor knowledge of the 
marine fish biodiversity in Madagascar.  An update of the 
species checklist based on DNA approach is urgently 
needed especially in the context of climate change and 
intense marine resources exploitation. 

Keywords: DNA barcoding, fish post-larvae, juvenile 
fish, biodiversity, Madagascar
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Background 

Mangroves are key to the lives of the coastal communities 
and play important ecological and socio-economic roles. 
In Mozambique, like in many other eastern African 
countries, mangroves are threatened by anthropogenic 
activities, which include deforestation for wood, salt 
pans, urban expansion and others. Extreme whether 
events were also responsible for the loss of mangroves 
in southern and central Mozambique. Mangrove 
restoration and the integration of the community in the 

management matters is helping regain lost mangrove 
areas, enhancing sustainable management and preventing 
future degradation. The Limpopo Estuary and Quelimane 
municipality are two examples of sites where mangroves 
were lost to natural phenomena (Limpopo) and human 
activities (Quelimane), and followed similar approaches 
for restoration and community involvement with 
success. This study describes the process of community-
based mangrove ecological restoration, complemented 
by cultivation of mangrove species in the nursery, with 
emphasis on the Limpopo estuary and analyzes the legal 
and institutional mangrove management instruments in 
the country. 

Methods

Satellite imagery was used to map changes in mangrove 
area in the Limpopo Estuary and Quelimane municipality. 
The hydrological classification developed by Watson 
(1928) was applied for the hydrological restoration of 
the mangrove in the Limpopo estuary (whose natural 
hydrology was seriously affected by the floods of 
2000) and in Quelimane where natural hydrology 
was affected by salt production and informal human 
settlements. Additionally, artificial mangrove planting 
was conducted. The local community was engaged 
through direct participation in all activities, including 
hydrological restoration, establishment of nurseries and 
mangrove planting campaigns. The aspects of gender 
and diversity were taken into account. In Limpopo, 
two Community Committees for the Management of 
Natural Resources were created. These constituted 
legal mangrove management entities at the community 
level. In addition to the local community, government 
institutions, NGOs, universities and the private sector 
have also been engaged. The engagement of the local 
community was reinforced through environmental 
education campaigns, promoted by media disclosure, 
integrating mangrove-related content into lesson plans, 
teacher training seminars, and community leaderships 
in mangrove ecology and sustainability of resource use. 
An analysis of the legal instruments, institutions and 
stakeholders in mangrove management was done based 
on the bibliographic review of the main legislation with 
direct and indirect incidence on mangrove. It included a 
description of the articles of national legal instruments 
(laws, regulations, policies, plans and strategies) and 
international instruments (protocols, conventions, 
agreements, memoranda, treaties and mandates) relevant 
to mangrove management. 

Results 

Hydrological restoration is not common within 
mangrove restoration initiatives in Mozambique, and as 
far as recorded, the Limpopo Estuary and Quelimane 
town are the only sites in the country where the 
technique has been applied. Channels where opened 
by the community with the technical assistance of CDS 
and other NGOs. Mangrove restoration was conducted 
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in the Limpopo estuary between 2010 and 2017 and 
resulted in the rehabilitation of 115.13 ha of forest 
which amounts to13% of the original mangrove area that 
was lost. The hydrological restoration covered a total 
area of 73 ha, and sustained planted seedlings as well as 
created natural conditions for the natural establishment 
of seedlings that were brought by the tides. Mangrove 
plantation restored 61.8% of the total restored area, 
while natural regeneration 38.2% of the recovered 
area. About 786,700 seedlings where produced in the 
nurseries, of which 544,453 were planted. The species 
that were produced in the nursery were: Avicennia marina, 
Bruguiera gymnorhyza, Rhizophora mucronata, Ceriops tagal, 
Xylocarpus granatum and Thespesia polpunea. The latter 
is a species associated with mangrove. In planted areas, 
the maximum tree density was about 40,000 trees/ha, 14 
times the planting density. A. marina was the species with 
the highest density, compared to the other 4 species. 
In Quelimane, mangrove plantation covered 48.71 ha 
equivalent to 1% of the total mangrove area, and natural 
regeneration covered 535 ha equivalent to 9% of total 
area. In both Limpopo Estuary and Quelimane the 
community was involved everyday in the control of the 
restored areas. In Limpopo, the community also inspects 
in the local markets of Xai-Xai City, verifying if the wood 
material sold comes from mangrove species. In 2016, 
a salesman was found, selling cut mangrove cuttings in 
reforested areas. This one was taken to community and 
like punishment, was forced to do works of restoration 
of mangrove without remuneration. At the same time, 
no one has been found to market woody material from 
mangroves. Other stakeholders were also involved in 
restoration initiatives, such as civil society, governmental 
institutions, cooperation partners, NGOs, academia and 
OCBs. In the country there are operational instruments 
(strategies) with a direct impact on mangrove 
management, but there are also laws and regulations 
that may be considered more relevant to mangrove 
management. The legislation in force in the country does 
not directly cover mangrove protection, but rather as 
an ecosystem located in an ecologically sensitive zone 
(coastal zone). Here there is no clear evidence of the 
prohibition of its direct use as cutting. Some species 
of mangrove (Xylocarpus granatum) are classified by 
law as first-class lumber, so they are susceptible to 
commercialization, which is the main lacuna in legislation. 
The National Strategy and Plan of Action for Mangrove 
Management, under development, could be the main 
tool that will allow the revision of the legislation for the 
effective protection of mangroves in the country. 

Conclusion

• In the Limpopo, the total restored area was 115.13ha, 
13% of the total area and in Quelimane, the total 
restored area was 48.71ha, 1% of the total area 

• The combination of techniques of mangrove 
planting and hydrological restoration was efficient 
for mangrove restoration, with each technique 
contributing in different proportions at both sites. 

• The participation of different stakeholders, 
contributed greatly to the success of these two 
mangrove restoration programs. Local communities 
have directly participated in management through 
control of unsustainable use of the restored areas

• Approval of the National Strategy and Plan of Action 
for Mangrove Management is a challenge. 
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Background

The loss of mangroves in Ambaro Bay is alarmingly high. 
The main causes are the deforestation due to intensive 
charcoal production for local market, the conversion 
of mangrove areas into cultivation area. Beside those 
anthropic pressures, mangrove ecosystem is also subject 
to the consequences of climate change. This scientific study 
is conducted as part the project “Sustainable management 
of mangroves in Ambaro Bay, Madagascar”, implemented 
by WWF MDCO. The aim of the study is to analyze the 
importance of mangrove ecosystems and his associated 
fauna exposed to climatic and non-climatic hazards, to 
explore direct impacts on these mangrove ecosystems in 
order to assess risk’s level on the mangrove ecosystem 
and on people livelihood, and finally to identify the suitable 
methods of adaptive measures. 

Methods

This study takes in account several concepts and 
approaches such as the consideration of major guidelines 
of the Fifth IPCC report (AR5) on the vulnerability 
risk analysis , the Climate Crowd approach, the spatial 
approach (incorporating data from the DGM in the 
analysis process), and socio-economic survey in order 
to assess the level of local community vulnerability . 
Thus, the vulnerability analysis is a crucial step to the 
adaptation strategies. 

11th WIOMSA Scientific Symposium 185



Results

Throughout Ambaro Bay, land cover mapping has shown 
that mangrove area covers 34,516 ha and ranked into 
four mangrove classes. The result of treatment suggests 
that the very clear and stunted mangrove class occupies 
a very large area on the site, i.e. 36% of the entire 
mangrove class, followed by the dense mangrove class 
(26.21%), Very dese mangrove class represent (19,94%) 
and finally the clear mangrove (17,86%). About land use 
conversion, 1.32% (about 3,685Ha of mangroves) had 
been transformed, especially in “Tanne”, a zone of culture 
and plantation during these last twenty years. Some of 
the forests area is also converted into secondary forest 
formation (0.11%) and savannah and grassland (0.15%). 
Finally, part of the Secondary forest formation was also 
transformed into savannah and grassland (1.18%) and in 
Zone of cultivation and plantation (0.63%). On the other 
hand, the regeneration rate of the Forests is relatively 
low (0, 03%), compared to Secondary Formations (24, 
98%). Three (03) types of risks weighing on the mangrove 
ecosystem were identified: mangrove mortality (dead 
on feet due to temperature rise and prolonged flood 
followed by silting, due to strong winds and cyclones, due 
to selective logging ...), specific depletion of mangroves, 
recession and the risk of silting. A table shows the 
vulnerability of the Ambaro Bay mangrove related to 
those cited risks. 
Conclusion

To summarize, three (3) main proposals are 
recommended to enhance mangrove ecosystem 
adaptive strategy in Ambaro Bay seascape: - First, set up 
sustainable management of Ambaro Bay to improve and 
to strengthen local marine area management (LMMA) 
and to improve ecosystem resilience against climate 
risks. - Secondly, promote mangrove active restoration in 
order to increase mangrove covered area according to 
species adaptabilities. - Finally, recommendation is given 
about the Sustainable management and management 
of watersheds and ecosystems outside mangroves. The 
objective assigned to this axis is to limit water and wind 
erosion on the slopes through reforestation.

POSTER
“Community-based Sea Cucumber Aquaculture in 
the Velondriake Locally Managed Marine Area: A 
community centric approach to governance” 
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Adoption of alternative livelihoods is a crucial challenge 
that isolated coastal fishing communities must face due 
to rapidly declining fisheries. However, novel livelihood 
development is plagued by traditional top down governance 

from implementing practitioners, creating dependency of 
farmers on the continued support of their livelihoods by 
foreign actors, reducing farmers’ capacity for ownership 
of these models and reducing the long-term sustainability 
of these much needed alternative livelihoods. This is the 
case for a community based sea cucumber aquaculture 
model originated in southwest Madagascar, that although 
was producing significant levels of income and generating 
high levels of farmer engagement, after a period of 7 years, 
was not yet able to be managed by farmers themselves 
and required the day to day management by implementing 
partners and private businesses. Spanning the course of 
several years, farmers and their Locally Managed Marine 
Area (LMMA) governance association, with support from 
the iNGO Blueventures, developed a novel aquaculture 
livelihoods model governance system. This system relies 
upon a lease agreement that obligates the best practice 
aquaculture techniques required of farmers engaged in this 
livelihoods activity. Those not abiding by these contractual 
obligations are held accountable, not by implementing 
livelihood developers or their commercial partners, but 
instead by other farmers and their community. Crucially 
also, this system was developed by farmers and their wider 
community through a collaborative process that included 
the voices of a wide spectrum of stakeholders engaged in 
this farming model. This paper details the development and 
methodology used to create this innovative aquaculture 
livelihoods model governance system, which has proved to 
be the key element that has defined its recent successes. 

Keywords: sea cucumber farming, community based 
aquaculture, Locally Managed Marine Area (LMMA), 
Velondriake, governance, sustainability, 
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Farms and management of coral ornamental fish was 
developed and suggested in this work. The field remain 
insufficient for Madagascar, despite the number of 
exporting companies installed since 2001. Indeed, surveys 
have been conducted in all the national administrations 
concerned to evaluate the level of exploitation of 
aquarium fish. A monitoring of operating parameters, 
between April and September 2016, was carried out, 
within Matata and especially Reef Project in Toliara, 
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supplemented by a local market study in 2017. Ten articles, 
n ° 2015-053 bearing code of fishing and aquaculture 
were amended in 2017 which are mainly referred to 
locate the regulations, in force, consistent with the 
exploitation of ornamental fish. Before exporting abroad, 
especially to the United States. 18 fish caught per outing 
and per group of fishermen every 2 days were kept alive 
in a packing unit for 5 days. Which gives a survival rate 
of 70.36%±22.83, possible to be improved. Zebrasoma 
gemmatum is the most commonly caught and exported 
species. Madagascar has exported 1,701 fish, distributed 
in 39 species, between 2015 and 2017. An aquarium fish, 
considered as a local fish, costs less than $0,07 while a 
fisherman receive $ 0,14 (Chromis viridis) at $13,88 (Z. 
gemmatum) within exporting companies. These prices rise 
from $20,55 to 1 213,88 at the International market. In 
this sector, a fisherman touches 2,5 times more than the 
monthly minimum wage ($119,44). This encourages the 
development and sustainability of the marine aquarium by 
improving the system of exploitation and management of 
fish ornaments including the establishment of appropriate 
orders. Extensive studies of the bio ecology and stock 
status of ornamental fish should be conducted in order to 
provide the basis for the management plan of the sector. 

Keywords: Fishermen, ornamental fish, corals, 
legislation, Reef Project, Matata, Southwest, Madagascar
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Background

The bull shark (Carcharhinus leucas) and the tiger shark 
(Galeocerdo cuvier) are two large coastal species regularly 
implied in shark-human interactions around Reunion 
Island. As a result, since 2012, both are targeted by a local 
shark control program. Yet, the effects of this directed 
fishing on their populations and on the functioning of 
local ecosystems remain unknown. To predict them, 
knowledge of the ecology and demographic parameters 
of these two apex predators is necessary. 

Methods

To this aim, we produced the first estimates of local ages 
for the two species, by counting growth bands on their 
vertebrae (60 for each species). Corresponding growth 

parameters were assessed using von Bertalanffy growth 
models. Microchemical analyses (LA-ICPMS) of the 
vertebrae centra were conducted to investigate patterns 
of habitat use to reveal potential differences between 
species or sexes. 

Results

For bull shark, observed sizes varied between 121 and 
325cm (average: 255.2±51.40cm), corresponding to 
ages of 1.5-33.5 years (average: 18.47±8.96 years). The 
von Bertalanffy growth model predicted a L∞ of 356cm. 
For tiger sharks, observed sizes were of 130-429cm 
(average: 305±65.92cm), corresponding to ages of 0.5-
38 years (average: 17.5±8.54 years), and the predicted 
L∞ was 515cm. Elementary profiles along the vertebrae 
highlighted inter-specific differences in habitat use, 
especially in terms of birth area. 

Conclusion

Both species have a K reproductive strategy around 
Reunion Island, where the individuals fished are 
apparently larger and older than in many study locations. 
Although the two species have comparable sizes at birth 
and similar vertebrae sizes around Reunion Island, they 
exhibit different strategies for growth and habitat use in 
this area, which calls for different population management 
for reducing the risk of shark incidents.
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Background 

Structural characteristics of coral reefs underlie a great 
deal of the variation in ecosystem processes, niche 
availability and patterns in community composition. 
Monitoring these structural characteristics is informative 
for understanding the dynamics of these biodiverse 
habitats in the face of global change. For the last 25 years, 
the high-latitude coral reef communities of Sodwana 
Bay, on the east coast of South Africa, have been 
extensively monitored by analysing two-dimensional 
(2D) photos of the reef substratum by means of photo-
quadrat digitisation and the point-based software, 
Coral Point Count (CPCe). This is one of the longest 
running continuous coral monitoring programmes in the 
world and the method used was state-of-the-art when 
instituted and has provided a wealth of information 
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on reef community composition and dynamics. Recent 
advances in photographic technology, computing power 
and programming have provided new methods that might 
add new dimensions to this programme, particularly 
three-dimensional (3D) information. Structure from 
Motion (SfM) photogrammetry produces exactly this, 
through construction of digital 3D models of areas that 
allow measurements of aspects of physical structure. 
This provides an opportunity to explore some of the 
variability in reef communities and interactions. The 
question arises, how does the method compare to the 
current monitoring methods in terms of accuracy and 
efficiency? Are the additional structural metrics worthy 
of inclusion and do they justify the effort? This study’s 
objectives include: a) evaluating and comparing each 
method’s ability to survey an artificial reef; b) extending 
this to the current monitoring sites to determine if 
greater efficiency in the method might allow expansion 
of the area monitored; and c) assessing and comparing 
measures of structural complexity and community 
composition between a newly recolonised area of reef 
with an established reef community to investigate the 
interaction of coral community composition with reef 
structural characteristics. 

Methods 

An artificial reef, constructed from basic 3D shapes 
was surveyed using photogrammetry, photo-quadrat 
digitisation and random point counts. Several metrics 
were measured, including surface area, volume, perimeter 
of the shapes and percentage cover for comparison 
with manually calculated geometries (ground-truthed 
values). SfM photogrammetry involved capturing images 
along transects boustrophedonically, followed by the 
construction of 3D models using Agisoft Photoscan. 
Metrics were then extracted from this model in Agisoft 
and GIS software. For comparison of this approach 
with photo-quadrat digitisation and CPCe analysis, 
images were taken along transects using photo-quadrats, 
and were stitched together and digitised for metric 
extraction in GIS software as well as overlaid with 
random points within CPCe for analysis of community 
composition. The accuracy of measurements, their ability 
to provide relevant metrics, and the cost and effort of 
implementation were compared between methods. Each 
of these methods was used to survey the four fixed 
transects at the Nine-mile Reef monitoring site and four 
alternative sites within the reef complex for method 
assessment. Lastly, triplicate 10-m transects were 
surveyed using photogrammetry and photoquadrats 
in a recently senesced patch of reef undergoing 
recolonisation, and in an adjacent established reef 
community, in order to compare structural complexity 
and percentage coral community composition between 
the two states of succession. 

Results 

Here we present a detailed comparison of methods to 
develop an enhanced protocol for monitoring coral reef 
communities, encompassing as many useful variables as 
can be achieved. We show that the digital area analyses 
were far more time-consuming and laborious in both 
the SfM photogrammetry and photo-quadrat methods in 
comparison to CPCe due to the need for image digitisation. 
We demonstrated that the 3D approach however, may 
necessitate more computer processing, dependent on 
several factors, including the intended spatial scale at 
which the monitoring efforts are to be employed, and 
the aims of the study. CPCe provided a fast, simple 
method for collecting community composition data, but 
provided only an instantaneous snapshot of this, with 
no other ecologically valuable information on processes 
such as coral mortality or recruitment. Photogrammetry 
could thus make a valuable contribution to the current 
long-term monitoring protocol used on South African 
coral reefs, and its measurements were found to have an 
accuracy comparable to the current digitisation method. 
SfM photogrammetry has the advantage of providing 
several more structural metrics such as rugosity, height 
and slope, but was marginally more costly in terms of 
the equipment and software required for computer 
processing. The structural characteristics measured were 
found to vary between the recolonising reef patch and 
adjacent stable community, and were associated with the 
coral community composition at each site. 

Conclusion 

This study thus identified an appropriate strategy for 
supplementary monitoring techniques on the Sodwana 
Bay coral reefs, and photogrammetry proved its utility 
in quantifying differences between a recolonising area 
of reef and an adjacent established community. This 
3D approach therefore has the advantage of providing 
additional information on the reef profile, while having 
the disadvantage of more processing demands. A final 
determination of whether the cost-benefit ratio for 
the photogrammetry technique justifies its inclusion in 
monitoring protocols, depends on its ability to provide 
relevant metrics to meet study objectives without greatly 
increasing cost, either financially or in man-hours. 

Keywords: Critical habitats and Coastal and marine 
technologies supporting management
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The sea cucumber Holothuria scabra is a promising 
candidate species for ecosystem- and community- based 
aquaculture practices in the Western Indian Ocean 
(WIO) region. In the face of global warming, novel tools 
to determine species-specific temperature tolerance 
levels are crucial to predict the vulnerability of coastal 
aquaculture systems. The aerobic scope (AS), which 
reflects the functional capacity for biological fitness, is 
a highly relevant proxy to determine thermal tolerance 
in various taxa. Despite the importance of this method, 
its implementation is often hindered, due to lacking 
techniques to accurately measure standard- (SMR) and 
maximal- (MMR) metabolic rates, especially in sluggish 
marine invertebrates, such as sea cucumbers. In this 
study the traditional AS concept was modified to define 
a temperature-induced aerobic scope (TAS), based on 
temperature-induced maximal (TMMR)- and minimal 
(TSMR)- O2 consumption rates, for H. scabra. TMMR 
and TSMR were induced through acute temperature 
change (2°C per hour; 17–41°C) until critical warm 
(WTcrit) and cold (CTcrit) temperatures were reached, 
respectively. In addition to O2 consumption, mRNA 
expression of Hsp70 was measured to define critical 
threshold temperatures on an interlinked basis. O2 
consumption of H. scabra peaked distinctly (TMMR= 
33.2±4.7 µgO2 g-1 h-1) at WTcrit (38°C).  A clear 
metabolic bottom line (TSMR=2.2±1.4 µgO2 g

-1 h-1) was 
reached at CTcrit (22°C).  Within the thermal window 
of 22–38°C H. scabra sustained positive aerobic capacity, 
with assumed optimal performance range between 29–
31.5°C (13.85–18.7 µgO2 g

-1 h-1). Between 39–41°C H. 
scabra decreased respiration progressively, while gene 
expression levels of Hsp70 were significantly increased, 
indicating prioritization of heat shock response (HSR) 
and homeostatic disruption. At the cold end (17–22°C) 
homeostatic disruption was visible through incrementally 
increasing energetic expenses to fuel basal maintenance 
costs, but no Hsp70 induction occurred. TMMR, TSMR 
and TAS proved to be reliable metrics, similar to the 
traditional energetic key parameters MMR, SMR and AS, 
to determine a specific aerobic performance window 
for the sluggish bottom dwelling species H. scabra. In 
addition, the linkage between respiration physiology 
and molecular defense mechanisms showed valuable 
analytical synergies in terms of mechanistic prioritization 
as response to thermal stress. Overall, this study will 
help to define lethal temperature boundaries for sea 
cucumber aquaculture and to predict the effects of ocean 
warming and other environmental stressors in sluggish 
marine invertebrates in the WIO region and beyond. 

Keywords: aerobic capacity, energy homeostasis, heat 
shock response, oxygen consumption, ocean warming, 
temperature threshold
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the context of Comoros marine protected areas 
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The diminution of fish stocks and coastal marine 
ecosystems degradation in Comoros National Parks are 
problematic for communities living in the highly dependent 
marine protected areas of the country. The effects of 
climate change add additional pressure by threatening 
the availability, stability, accessibility and use of fish stocks. 
Therefore, management measures for responsible fishing 
are essential to ensure the conservation of stocks at an 
acceptable level and the preservation of the integrity 
of ecosystems, while allowing communities to live on 
this basic economic and ecological resource. The aim 
of the research was to propose a tool for the eco-
systemic approach to fisheries as a negotiation method 
for the sustainable management of fisheries resources 
concerning the management of natural resources and 
marine protected areas. The research concluded that 
current approaches to the management of natural 
resources in marine protected areas are weak in 
reconciling socio-economic and environmental issues in 
Comoros fisheries. From a global point of view, the lack of 
political motivation, the limited information, the marginal 
participation of certain key actors in the decision-making 
and participatory processes and the lack of coordination 
between the different policies are direct obstacles 
to sustainable management. The current political 
framework of the Comoros remains a major obstacle to 
environmental management; the federal government is 
planning an integrated vision on the National Policy for 
Fisheries and Environmental Management, while some 
local government actors are planning a segmented vision 
of natural resource management. These shortcomings 
led to the identification of possible lines of thought 
that could be considered to improve the sustainability 
of artisanal fisheries. Sustainable fisheries management 
in the Comoros must be part of a broader vision that 
includes the participation of all stakeholders in the park 
for the purpose of harmonizing local and government 
policies; experience has shown that these actors are 
very useful for developing sustainable solutions. The 
proposal of a single instrument for the management of 
small-scale fisheries based on the livelihoods approach 
and incorporating the premises of the EAF would allow 
a greater emphasis on the social dimension of fisheries 
and respect knowledge and culture of communities 
dependent on artisanal fishing. The EAF would be better 
adapted to the local perspectives, capacities and means 
of the local communities of the Comoros National 
Parks for the efficient management of the park’s 
natural resources. In order for an effective fisheries 
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management, the local communities must be reassured 
that the EAF is a tool whose priority fields of action 
are the diversification of their sources of income, the 
development of the forces of the artisanal fishermen in 
the national parks integrated management, strengthening 
of legal frameworks, development of communication and 
data sharing tools, as well as the protection of coastal 
marine ecosystems.
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Background 

In coastal areas the action of sea agitation is always 
associated with and in overlapping the different levels of 
tides. In the case of the Mozambican coast, the tides have 
amplitudes that can reach 5.0 m, being the semi-diurnal 
tide, that is, during the day there are two low tides and 
two high tides. 

Methods 

Our approach was to analyze the tides at the Port of 
Nacala. The data were extracted for the years 2003 and 
2004 using specific software made available through the 
C-RISe project (http://www.satoc.eu/projects/c-rise) 
comprising time series of tide height for the delimited 
area by the latitude of 14˚32’23.24 “S and longitude of 
40˚40’04.78” E covering all part of the Port of Nacala. 
Data processing and tidal analysis were conducted in 
TASK - Windows Edition. 

Results 

In the living tide (MV) the elevation reaches about 4.83 
meters while at tide (MM) the maximum elevation 
is about 2.7 meters. Note the time of almost 15 days 
between two living or dead tides and the time of 7 days 
between a living tide and the consecutive dead tide. 
The tides in the Port of Nacala are semi-diurnal and 
this characteristic can be seen in graph 1, where the 
time between two high tides or consecutive low seas 

is approximately 12 hours. For the values of elevation 
it was noticed that the maximum of all the period in 
analysis was of 4.83 meters and was registered during 
the living tide. while the minimum value was 0.20 meters 
and was recorded at low tide of the living tide. 
Conclusions 

The results of the harmonic analysis indicate that for 
the predicted / modeled tides the most important tidal 
components for this region of the Port of Nacala are 
the semi-diurnal ones of which the main mole (M2) and 
the main solar (S2) having the largest amplitudes and 
differing from those observed with a mean of 0.202 
meters in height. And we conclude that the analysis 
method presented here is more feasible because it 
presented values of the elevations closer to the observed 
elevations. In the Port of Nacala semi-diurnal tides with a 
factor of form equal to 0.115 are observed.

POSTER
Contribution to the biological study and diversity of 
exploited spiny lobster species in the trap fishery in 
Anosy region: Case of Evatraha Village. 

IALY RADIO SAMAR PAVEL 
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Toliara 601 
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From 03 November to 31 December 2017, a biological 
study and diversity of lobster species was carried out in 
Evataha village in Anosy region, based on the the survey. 
In 2016, the study the current situation of lobster in the 
Anosy region is very worrying as it shows a generally 
declining trend in production. A four week capture 
monitoring was carried out in order to know the 
production using the simple random drawing technique. 
Three species are inventoried in this village with Panulirus 
homarus costing 56% of the catch of fishermen, Panulirus 
japonicus present 27% and Panulirus penicillatus occupies 
only 17% of the catch. They are mainly fished at pots with 
a sex ratio of 48.7% female and 54.75% female ovate 
compared to normal females. Panulirus homarus has a 
sexual dimorphism that manifests itself in total length 
and carapace length. 

Keywords: Lobster, Biology, Diversity, Pigeonhole.
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Annual Variation of sea level in Bons Sinais Estuary, 
Zambezi Province: tidal characteristics and potential 
influence of freshwater flow on observed sea level 
and tidal predictions
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The annual variation of sea level in Bons Sinais Estuary, in 
central Mozambique, was investigated to describe the tidal 
characteristics of the system and potential influence of 
freshwater flow on observed sea level and tidal predictions. 
In this work, we investigated the annual variation of the 
tide in Bons Sinais Estuary, using measured sea level data, 
harmonic analysis of the measured data. Subsequently, 
results were compared to seasonal estimates of freshwater 
inputs to the estuary. 1 year of Sea level heights data from 
1995 was collected at a tide gauge at the Port of Quelimane. 
The same time series data was analyzed to calculate 
statistical parameters and undertaken harmonic analysis. 
Excel was used to determine the seasonal variation of the 
tidal heights, and the t_tide MATLAB package was used to 
analyze and compare statistical parameters and infer the 
quality of data. The tidal range was found to vary between 
4.96m 0.17m a during extreme of Spring tide. The tidal 
amplitudes varied between 1m for neap tides and about 
4m during spring tide over the year. the monthly tidal 
amplitudes vary between 2.54m in September and 2.70m 
in May. The monthly variations in sea level show that the 
maximum varies from January to April and from August 
to November, and the minimum varies from May to July. 
During wet season, we observed that the variation of 
sea level depends on the fresh water discharge, although 
the tidal amplitude still has a strong influence on the sea 
level. The analyze presented using one-year data does 
not reflect inter-annual variability in discharge. However, 
the influence on intra-annual variability was observed 
in Bons Sinais Estuary, highlighting the value of further 
investigation on the influence of freshwater flow on tides 
and tide predictions for similar estuaries in East Africa, and 
importance of longer-term data collection. more than one 
year time series of the data. 

Keywords: Tidal amplitudes, sea level annual variation, 
tidal prediction, freshwater discharge, t_tide, MATLAB, 
Bons Sinais, estuaries.
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Background 

Parasites are a vital component of ecosystems. However, 
their contribution to the functioning and structuring of 
ecosystems has historically been overlooked. In South 
Africa, marine ichthyoparasitology has a long history but 
research has largely been confined to taxonomic studies 
and the literature pertaining to marine ichthyoparasites 
is highly fragmented. This situation makes it difficult 
to gauge advances in marine parasitology, identify 
knowledge gaps and hampers our understanding of their 
ecological roles in the marine environments of Southern 
Africa as well as their use as tools in fisheries science. 
This study aimed to provide the first comprehensive 
checklist of metazoan parasites associated with marine 
fishes of South Africa reported between 1818 and 2018. 

Methods 

A review of published and gray parasitological literature, 
including postgraduate projects and dissertations, was 
conducted to generate a list of metazoan parasites 
associated with marine fishes of South Africa. Unpublished 
records made by the first author were also included in 
the checklist. Only parasites identified at least to genus 
level were included. The host-parasite records were 
entered in a spreadsheet along with their geographic 
location and reference. The data were explored and 
summarised by means of pivot tables. The number of new 
South African records, and new host species examined 
per year as well as the cumulative number of parasite 
taxa and host species examined over the two centuries 
was determined. The same procedure was then applied 
within each of the different phyla included in the checklist. 

Results

The checklist revealed that 320 marine ichthyoparasites 
have been recorded off South Africa and included 
taxa from six phyla: Acanthocephala (12), Annelida (6), 
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Arthropoda (185), Cnidaria (11), Nematoda (6) and 
Platyhelminthes (100). The parasites formed 633 unique 
host-parasite pairs with 253 host taxa spread across 
the classes Elasmobranchii (76), Holocephalii (2), Myxini 
(1) and Actinopterygii (174). Analysis of the spatial 
distribution of parasitic phyla revealed that arthropods 
and platyhelminthes dominated the parasite assemblage 
on the west, south and east coasts while cnidarians 
and nematodes were absent from the east coast. The 
analyses showed that since the 1980’s, there has been 
a high number of new records published along with an 
increase in the rate of publications. Conclusion The study 
revealed how our knowledge of ichthyoparasites is biased 
towards arthropods and platyhelminthes. The results also 
highlighted that fact that since the 1980’s there has been 
increasing interest in marine parasitology as evidenced 
by the high number of new records in some phyla and 
a rapidly increasing number of parasitologically inclined 
publications. However, all parasite taxa suffer from a lack 
of local taxonomists, making identifications problematic. 
The majority of fishes have also not been examined for 
parasites. The study revealed that parasites are severely 
understudied despite their ecological importance while 
highlighting the potential for new discoveries. 

POSTER
Understanding variability across the Crossroad 
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The southwest continental shelf of Africa is characterized 
by a strong western boundary current with three 
interdependent components, namely the Agulhas Current, 
Agulhas Retroflection and Agulhas Return Current. This 
system plays a key role in setting oceanic conditions 
south of Africa. The Crossroad transect intersects both 
the Agulhas Current and Agulhas Return Current; a 
monitoring line established in 2013 to sample both the 
currents and determine inter-ocean fluxes, as well as the 
influence of the Agulhas Current on the Agulhas Bank 
shelf. The objective of the study was to examine both 
mesoscale and submesoscale features that influence the 
dynamic and variant nature of the Agulhas system. In 
this study we make use of Ship board Acoustic Doppler 
Current Profiler (SADCP), Conductivity Temperature and 
Depth (CTD), Thermosalinograph (TSG) and satellite Sea 
Surface Height data as main observations for analysis. 

The study also examines both the spatial and temporal 
characteristics of water properties across the Crossroad 
transect. The fundamental findings of the study include 
the abundance of both the mesoscale and submesoscale 
features observed in the Agulhas system, which are often 
overlooked. In addition, a noticeable variability in current 
measurements was observed, where velocity ranging from 
2 to 2.5 m/s represented the Agulhas Current and 1.4 to 
1.7 m/s, Agulhas Return Current. Similarly, the position 
of the Agulhas Current and Agulhas Current displayed 
variation from 2013 to 2015, with the Agulhas Return 
Current exhibiting a meandering pattern in 2014 along the 
transect. Furthermore, an intrusion of cool (8 to 13 oC), 
fresh (34.8 to 35 psu) South Indian Central Water masses 
were also observed along the Agulhas Bank. The ability 
to combine altimetry and in situ data also contributed to 
the analysis of the results. Therefore, given the inherent 
advantage of satellite and in situ measurements, an 
overview of the variability across the Crossroad transect 
was determined. 
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The composition of the coral community in Pemba, 
Northern Mozambique, was assessed in 2012 and 2016. 
The composition and coral coverage was evaluated in two 
sites, Kaori and Wimbe, through the analysis of 20 meter 
transects of 40 underwater photographs each, arranged 
along the reef crest. The coral community changed during 
the study period, with decreasing coverage of the reef 
building coral and increase of macroalgae and soft coral. 
These findings suggest a potential long-term change to soft 
coral- or macroalgae-dominated reefs, in what seems to 
be the combination of climate change with anthropogenic 
forcing, mainly due to fishing and urban pressure. The 
continuous monitoring of these highly diverse coral 
reef habitats should allow developing scientifically based 
conservation and management plans. 
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Background 

The LIMPET youth citizen science programme was 
initiated in 2017, and has since been implemented in 
the Cape Town region, South Africa. LIMPET (Longterm 
Intertidal Monitoring through Participation, Evaluation 
and Training) was developed by a group of South African 
educators and marine scientists who had the vision 
to involve school learners in hands-on environmental 
research and monitoring. The overarching aim of LIMPET 
is to build knowledge and values that inspire young South 
Africans to care for a healthy ocean environment, while 
generating valuable information for marine monitoring 
to support the management of South Africa’s coast. 

Methods 

The LIMPET youth citizen science programme consists 
of hands-on teacher training courses and school outings 
to the rocky shore, during which learners are involved in 
“real” scientific monitoring surveys designed by marine 
scientists. This includes an assessment of densities and 
size distributions of five key species (three limpet, one 
barnacle and one topshell species) in the low, mid and 
high intertidal zones. In addition, a litter collection is 
conducted and litter items are classified and counted 
according to the “Dirty Dozen” protocol, which is a 
standardized methodology contributing to a national 
database. To prepare learners for outings and strengthen 
their science skills, the LIMPET team visits schools 
before each outing to give introductory lectures, and 
again after outings to involve learners in the evaluation 
and interpretation of the data collected during their 
field surveys. Monitoring and evaluation surveys were 
conducted in form of quizzes that were done before 
and after LIMPET outings, to evaluate the impact of the 
programme on knowledge generation. Initial funding 
received through small grants and donations were used 

to acquire basic equipment to conduct rocky shore 
surveys with school learners. The most significant portion 
of the funding is, however, allocated to transport and 
subsistence for learners from under-privileged schools, 
who would otherwise not be able to afford outings 
to the seashore. LIMPET thus provides disadvantaged 
learners with experiential science training, which forms 
a part of their natural science curriculum. 

Results 

In 2018, LIMPET ran a teacher-training workshop for 
19 teachers and provided transport for 235 (5 classes) 
Grade 10 learners to the Dalebrook rocky shore (near 
Cape Town).  Data from five rocky shore surveys and 
litter classifications, which were generated by the learners 
and entered in a national database, have since been made 
available to decision makers and the public. Surveys that 
evaluated the knowledge of learners before and after the 
outing showed a significant increase (by an average of 
40%) in knowledge and understanding of ecology. LIMPET 
events, teaching materials, information and data can be 
viewed on the project website (www.limpet.co.za). 

Conclusions 

The LIMPET youth citizen science programme has 
demonstrated to be an impactful and popular education 
programme. By contributing to the school curriculum, 
providing an experiential learning experience for youth 
from underprivileged backgrounds, and generating data 
for environmental monitoring, it represents win-win 
strategy for education and science. Further plans involve 
the expansion of the LIMPET programme to other coastal 
nodes and schools in South Africa, and the region. 
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Damselfish (genus Stegastes) inhabit branching corals 
(genus Acropora), upon which they cultivate algal gardens 
which form a major part of their omnivorous diet. 
Stegastes are highly territorial and will attack (bite or 
chase) any other fish which approach their territory. 
This reduces piscine feeding upon algae and coral within 
the territory, including corals other than Acropora. The 
protection offered by Stegastes is particularly relevant 
in the case of Porites, because while branching corals e.g. 
Acropora are susceptible to bleaching/mortality linked 
to high temperatures, Porites are resilient. However, 
mortality of Acropora and disintegration of the structure 
may result in loss of associated Stegastes, and thus loss 
of protection from chronic predation offered to adjacent 
corals. This effect may be exacerbated in protected areas 
due to greater numbers of corallivorous fish. Despite 
the consequences of Acropora loss, transplantation or 
restoration of Acropora thickets has not been extensively 
used as a conservation tactic due to varying success and 
pressure from bodies e.g. watersports companies and 
fishers to keep lagoons clear. This study aims 1) to test 
whether Porites lutea corals within Stegastes territories 
experience associational protection; 2) to assess whether 
protection varies between protected and unprotected 
areas; and 3) to investigate whether the reintroduction of 
Acropora muricata colonies to degraded areas can facilitate 
recolonization of Stegastes fish and thus return protection 
to P. lutea colonies in the area. Surveying was undertaken 
at seven sites around Mauritius Island; three (Blue Bay, 
Pointe D’Esny, and Balaclava) within protected areas, and 
four (Flic en Flac, Albion, Il aux Egrets, and Belle Mare) 
under no legal protection. Surveying was undertaken 
from September 2018-March 2019. P. lutea stands were 
compared according to whether they occurred within 
Stegastes territories. Parameters analysed were bite density 
(BD) and percentage coral surface area damaged (AD). 
These were determined through photographic analysis. 
Fish numbers at sites were also surveyed using video 
transects.  Additionally, ten small (5-15cm diameter) P. lutea 
corals at each of the unprotected sites were transplanted 
from degraded habitat into Stegastes territories within 
the same site. Control corals in the same size range 
were transplanted outside Stegastes territories. To each 
of a further ten Porites (outwith Stegastes territories) per 
site, four Acropora branches were transplanted. Surveyed 
corals outwith Stegastes territories were used as controls. 
Transplantation occurred in December 2018-January 2019

Subsequent surveys in March monitored changes in BD 
and AD, and Stegastes recolonization occurred on the 
Acropora transplants. Results were analysed using the 
Kruskal-Wallis test. Significantly higher values of both BD 
(p= <2e-16) and AD (p = <2e-16) were found on surveyed 
P. lutea outside compared to within Stegastes territories 
at all sites. Protection status only had a significant 
impact upon corallivory outside Stegastes territories 
(BD p=7.46e-04, AD p=1.04e-03), with higher levels of 
corallivory in unprotected areas compared to protected. 
Lower corallivory was found on P. lutea transplants 
compared to controls, though only BD (p=0.02973) 

was significantly reduced. Stegastes were found to have 
recolonised seven Acropora transplants at one of the 
transplant sites, where Acropora were placed <1m from 
established colonies, but none at the other two, where 
Acropora where placed >1m from established colonies. 
Recolonization was not found to significantly affect 
BD or AD (BD p=0.8222; AD p=0.9198). As expected 
Stegastes were found to confer associational protection 
to P. lutea within their territories. Protected sites did not 
experience greater corallivory, as expected, maybe due 
to lack of enforcement. It is possible that the result of 
the Porites transplant was due to larger bites taking longer 
to heal, thus while no new bites may have occurred, AD 
did not significantly decrease. The recolonization of 
several of the Acropora transplants at one site shows that 
Stegastes are capable of recolonization within 3 months. 
The lack of recolonization of Acropora at other sites 
may be due to Stegastes being less willing to colonise 
transplants further from established colonies. The lack 
of a significant reduction in corallivory associated with 
recolonization may also be due to old scars not having 
healed in 3 months. It is clearly shown that Stegastes are 
capable of recolonization, although they may be distance 
limited, and this may encourage restoration of Acropora 
thickets, allowing fish assemblages to return and other 
coral species to thrive by reducing predation pressure. 

Keywords: Stegastes, Acropora, bleaching, associational 
protection, Porites 
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Background 

Marine recreational and artisanal fisheries are a common 
activity in Kenya with a potential for competitive 
interactions due to the use of shared resources. 
Competition in fisheries may be as a result of either 
direct interactions among fishing vessels and fleets 
(interference competition), or through use of fishery 
resources (exploitation competition). Several studies 
have documented competitive interactions in fisheries, 
for example, in artisanal vs. industrial, and in recreational 
vs. industrial. However, competitive interactions in many 
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fisheries around the world remain majorly understudied 
and difficult to quantify due to a lack of empirical data 
and approaches to infer the occurrence of interactions. 
Additionally, limited information exists about recreational 
and artisanal fisheries that directly or incidentally 
capture species such as billfish especially in Kenya and 
the Western Indian Ocean (WIO) region. Understanding 
competitive interactions between recreational and 
artisanal fisheries is important in addressing governance 
challenges, evaluating the effect of these fisheries on local 
economies, and promoting sustainable development. 

Materials and Methods 

We evaluated key characteristics to detect the potential 
for competitive interactions in the Kenyan recreational 
and artisanal billfish fisheries between 2013 and 2016. 
Billfish data was collected through creel survey, fishery-
dependent sampling, and tagging. Specifically, we tested 
the hypothesis that seasonality, fishery type, location of 
fishing and target species influenced the average number 
of billfishes landed in recreational and artisanal fisheries, 
thus indicating competitive interactions. This hypothesis 
was examined using distinct methods which included 
assessing the proportions of recaptured tagged billfish, 
evaluating the cooccurrence of species and fishers in 
fishing locations, and determining whether there are 
significant differences in the number of billfish landings 
based on seasonality, distance fished, boat size, and 
fishery type using a Generalized Linear Model (GLM). 

Results

 Overall, results from the recapture and tagging data 
showed that both fisheries landed billfish (98% artisanal 
recaptures and 95% tagged in recreational). Specifically, 
sailfish landings in the creel surveys were dominant (67% 
in artisanal and 50% in recreational) which showed no 
significant difference in the average landings (p>0.05). 
Thus, indicating increasing overlap in resource use. 
Similarly, we found co-occurrence of both fisheries in the 
same fishing locations particularly during periods of high 
fishing season (p0.05). As predicted, our findings showed 
that location fished, target species, seasonality, and 
fishery type were important predictors of competitive 
interactions between recreational and artisanal fisheries. 

Conclusions 

Characterizing fisheries interactions across space and 
time is pivotal in several ways. Firstly, this information is 
pertinent in developing management strategies especially 
for shared fishery resources such as billfish. Secondly, 
understanding the diversity of interactions is useful in 
determining the socio-economic importance of artisanal 
and recreational billfish fisheries. Thirdly, exploring 
the multi-level interactions is essential in developing 
ecosystembased management for sustainable fisheries 

and conservation of billfish. Given the highly migratory 
nature of billfish species, this first-time study provides 
baseline characteristics of competitive interactions in 
recreational and artisanal fisheries which is important 
for developing management options in Kenya and the 
WIO region. 

POSTER
Particle size and patch selectivity in Holothuria atra 
and Holothuthria leucospilota at coco beach during the 
low tide

ISYANGYA P.

The study was conducted to examine the Particle 
size and patch selectivity in Holothuria atra and 
Holothuthria leucospilota at coco beach during the low 
tide. Sea cucumbers are echinoderms from the class 
Holothuroidea. This study involves field observations 
and laboratory experiments.  The field observations 
were conducted at Coco beach during the low tide 
where currently sea cumbers are available. Sample 
collection involves collection of sediments underneath 
the feeding holothurians and fecal pellets behind each 
feeding individual H. atra and H. leucospilota using a 
clean spatula. Sampling was be done in the afternoon, 
were by both species were actively feeding. The 
collected sediments were taken to the laboratory for 
determination of, organic carbon, and sediment size after 
drying at 100C. Second sample were taken from the mid 
and fore gut of the 10 adult holothurians, 5 H. atra and 
5 H. leucospilota which were brought to the laboratory 
for dissection. After the dissection of the animals gut 
content were examine to know the amount of organic 
carbon after drying at 100C.  Also the sediment size was 
determined by using the saving method to known the 
size of sediment.  The studies shows in H. leucospilota, the 
ingested particles in gut content have shown to contain 
higher organic carbon than particle found directly 
underneath (unpaired t-test; t=2.655, DF= 10, P=0.0241). 
The results also suggested that the organic carbon in 
gut content and that found underneath the animal in H. 
atra are not significantly differences. (Unpaired t-test; 
t=0.547, DF=10, P=0.59) This means H. leucospilota are 
able to choose the richest organic sediments than the 
H. atra. The studies show that both species select the 
particle with large size There is no significant different 
on selectivity of particle with large size H. leucospilota 
and H. atra. (Two sample-test; t=-0.205, DF=10, P=0.841). 
Both spicies have high abilit of selecting the sediment 
wth large size.
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Background 

Natural variation in River flow strongly influences fish 
production. Freshwater flow effects the growth rates 
of fish by modifying food availability, salinity, turbidity, 
water temperature and oxygen levels and therefore an 
event such as a flood or drought can lead to changes 
in fish abundance. Response to these variables depends 
on the preferences and tolerances of individual species. 
Drought mostly leads to declines in abundance. Floods 
tend to have a resetting effect leading to an abrupt drop 
in abundance in the short-term but good recruitment 
and an increase in the medium to long-term. In South 
African estuaries, flood events temporarily reduce 
species abundance and diversity by driving marine taxa 
to emigrate from estuarine into adjacent coastal systems 
due to high flow velocities, rapid salinity drops and very 
high turbidity or sediment loads. 

Methods 

The Kei estuary was sampled twice-annually from 2016 – 
2018, the February 2018 sampling coincided with a flood 
event. A total of 19 sites were sampled from the mouth 
to the headwaters of the estuary approximately 15km 
upstream. The gear used is a 30 m long, 2 m deep seine-
net, with 10 m of 10 mm stretched mesh in the centre 
including the cod-end (bag) and 10 m of 15 mm stretched-
mesh in each of the wings and hauling ropes of 30 meters 
long. Based on the size of the catch, all fish or a sub-sample 
was identified, measured and released. Sampling was also 
conducted in the surf zones of two nearby bays, using the 
same gear as in the estuary. Samples were collected bi-
annually during low and high flow seasons. 

Results 

There was a decline in both fish diversity and abundance 
within the estuary. The physicochemical characteristics in 
the bays were typically estuarine and catches dominated 
by estuarine-dependent species, including Gilchristella 
aestuaria which is a euryhaline estuary resident. 

Conclusion 

The findings of this study support previous studies 
showing temporary declines in fish abundance and 
diversity during a flood event and enhanced recruitment 
thereafter. It also illustrates the use of the adjacent surf-
zone as an alternative habitat.
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Patch reef: a functional hotspot of tropical fishes 
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In days of increasingly threatened marine tropical 
ecosystems, it is important to improve knowledge on 
understudied but taxonomically rich habitats. If fish 
assemblages from barrier and fringing reefs are generally 
well studied, patch reefs are much less known. The objective 
of the present study (part of the EPICURE project) was to 
better understand taxonomic and functional specificity of 
patch reefs fish assemblages compared to the well-studied 
subtidal reef flat and outer slope habitats. Unbaited 
rotating video systems (STAVIRO) were used to quantify 
fish abundance on two sitesfrom the northern Mozambic 
channel (Mayotte Iris bank and Geyser bank). Taxonomic 
and functional diversity metrics were used to compare 
assemblages among habitats. None of the species diversity 
indices considered (Species richness, Shannon, Simpson 
and Pielou indices) showed significant differences among 
habitats, while most of functional richness indices showed 
differences (richness, specialization and originality). 
Overall, assemblages from patch reefs have more specialist 
and functionally original species than subtidal reef flat and 
outer slope. This work showed original assemblages on 
patch reefs and suggest that these habitats could be of 
particular interest for further investigation.
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Marine Turtles as Flagships: Navigating the Currents 
Between the Natural and Social Sciences 
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Various large animals have been categorised as 
“charismatic megafauna”. Terrestrial examples include 
elephants, lions, tigers, and panda bears; marine examples 
include dolphins, whales, dugongs, and marine turtles. 
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These animals are easily recognised, and rarely confused 
with other animals. They readily attract the attention of 
the general public, and routinely instil feelings of likeability, 
if not compassion. Such animals are commonly described 
as “beautiful,” “cute,” “dangerous,” “endangered,” 
“impressive,” “rare,” “special”, and/or “unique.” Hence, 
for years, conservation practitioners have employed 
images and stories about charismatic megafauna to 
engage the public, and convince ordinary people to take 
actions to protect these animals and the environments in 
which they live. These species of charismatic megafauna 
are also known as “flagship species”; they form the foci of 
natural history studies on the one hand, and on the other 
hand they are actively figured in diverse communications 
and other social/cultural initiatives to further some 
cause. In this respect, flagship species provide a fertile 
and commonly recognised interface between the broad 
realms of natural history and social sciences. Yet, this 
interrelationship is poorly understood, and rarely 
investigated in a systematic and objective manner. Indeed, 
a single flagship species may be employed by different 
sectors of society to promote conflicting interests and 
goals. Marine turtles are unquestionably flagship species 
(Frazier, 2005), and they have been employed round the 
world for decades by different interest groups. In many 
cases – particularly those supported by conservationists 
– the flagship message is focused on the endangered 
status of the animal and the pressing need to promote 
and nurture attitudes and activities for the conservation 
of these animals, the beaches on which they nest, and 
the coastal – as well as oceanic – waters in which 
they feed and migrate. Pro-conservation activities 
also include restricting, if not stopping, trade in their 
products; mitigating fisheries bycatch; regulating marine 
pollution; restricting lighting at night; and promoting 
multinational agreements to achieve these goals at 
international levels. However, accomplishing any one 
of those objectives depends on far more than natural 
history; there must be accurate and up-to-date cultural, 
economic, political, and social information to be able to 
design and execute effective communications and policy 
programmes. In general, comprehension about such 
issues that are outside of natural history is at best partial 
– if not simply misunderstood or erroneous. Moreover, 
flagships, including marine turtles, are also used to 
promote and lobby for other objectives, for example the 
recognition of cultural values and traditional practices. 
Common examples include social and political appeals 
to approve the hunting, consumption, and trade of 
turtles, particularly for ceremonies, as means of cultural 
recovery. Clearly, when turtles are employed as flagships 
for these cultural issues, there is routinely direct conflict 
with other programmes were the same turtles are used 
to support bans on hunting, consumption, and trade. 
Although the natural history information is the same for 
both conservation and cultural initiatives, the social and 
political information and perceptions involved are quite 
different. It is these areas of cross currents between 
differing objectives of flagship species programmes 

that need systematic investigation, to resolve conflicts 
and enhance both conservation and cultural/social 
outcomes. In recent years there has been some – if 
modest – increased interest in the social/cultural aspects 
of flagship species, but far more work is required. This 
paper will provide additional examples and proposals to 
promote greater interest from the natural history side 
in collaborating with social scientists on the one hand, 
and on the other hand to promote more interest on the 
social/cultural side to investigate flagship programmes. 
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Background

Soft corals have been familiar to science around the 
globe for centuries, yet only recently scientists have 
started to recognise soft corals as a key taxa on the 
reefs. Mauritius has been stated as a resource-rich area 
with a distinctive coral reef ecosystem where diverse 
soft corals are abundantly present. Knowledge of soft 
coral biodiversity and its distribution around the island 
are very much limited, so this study aimed to elucidate 
soft coral identification and distribution. 
Methods

Soft corals identified in this study were identified from 
offshores regions of the island: Albion, Pereybere, Trou 
aux biches, Ile aux bernache, Blue Bay and Flic en Flac. 
A total sample size of 22 individual colonies, distributed 
among three families; 14 colonies of Alcyoniidae, 4 of 
Nephtheidae and 4 of Xeniidae was obtained. Out of 
the 11 genera identified, 4 genera; Sinularia, Sarcophyton, 
Lobophytum and Capnella were considered the 
most common at most selected sites. Morphological 
identification was based on the principle keys such as 
external form and colouration, type of colony growth, 
type of polyps and arrangement of sclerites (form and 
colour) which allowed the identification of the soft 
corals at genus level. The difficulties encountered with 
morphological taxonomy can be overcome by the use 
of molecular characterisation which can facilitate species 
identification. For the molecular analyses, the specimens 
were preserved in 95% ethanol prior to DNA extraction 
and non-coding COI-COII intergenic spacer from the 
mitochondrial genome was amplified using the primers 
COII8068F and COI8325R. 

11th WIOMSA Scientific Symposium 197



Results

Sequencing allowed identification of some specimens till 
date: Cladiella krempfi, Klyxum utinomii, Sinulari peculiaris 
and Sinularia polydactyla with a pairwise sequence 
divergence ranging from 0 to 0.916 and coinciding 
with the morphological identification while the other 
specimens merit more attention. 

Conclusion

Phylogenetic trees constructed from this fragment 
resolved poorly, especially between species of the same 
genus. Despite the high variation in this non coding 
DNA fragment, its short length limits, its application in 
phylogenetic studies is encouraging research on more 
rapidly evolving DNA fragments in soft corals. More to 
that, the diversity and abundance of soft corals notably 
decreased with the increase of human impacts. This was 
clearly observed on the offshore of Ile aux Bernache 
where the abundance of soft corals were remarkably 
high and human activity almost nought. 

Keywords: Soft corals, identification, morphological, 
COI-COII intergenic spacer, phylogenetic 
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Blue carbon is defined as the carbon captured and stored 
by global coastal ecosystems (mangroves, saltmarsh 
and seagrass). Blue carbon research has expeditiously 
over the last decade, following the 2009 UNEP report 
on the efficiency of these habitats to act as carbon 
sinks. Mangroves have particularly been prioritized in 
atmospheric carbon mitigation strategies as they have 
been recognized for their significant role as carbon 
sinks. Despite research efforts, there is still a notable 
knowledge gap on the potential of various mangrove 
species to store carbon within different geographical 
regions. Currently scientific literature provides 
snapshots of carbon storage by coastal ecosystems in 
Africa, Southeast Asia and South America. This study 
provides the first comprehensive assessment on carbon 
storage for a mangrove forest in a in warm- temperate 
estuary in South Africa. Carbon storage was quantified 
for Avicennia marina mangrove species at the Nxaxo 
Estuary, on aboveground carbon pools (wood, leaf litter, 

pneumatophores) and sediment carbon pools, using both 
elemental analysis and loss on ignition techniques. The 
results from the two aforementioned techniques were 
found to be weakly correlated. No carbon variability was 
found at an estuary level however, the results indicate 
that the carbon storage here is considerably lower 
than the carbon storage recorded for other regions. 
The total carbon storage for the (9.5 ha) mangrove 
area was quantified to be 1140.25 Mg C. Mangroves in 
warm-temperate regions of the South African coastline 
occur at one of the southernmost limits globally and the 
high-energy nature of this coast restricts these habitats 
to sheltered estuarine areas. As a result, the growth 
and productivity of mangroves in these regions can 
be influenced by estuarine and climatic dynamics. This 
study shows that the capacity for storage by mangroves 
is variable and that blue carbon studies in different 
geographic areas should provide estimates from direct 
quantification and allometric equation approaches. 
Carbon storage has been recognized as a valuable 
ecosystem service therefore an accurate estimation 
of the carbon storage potential for different regions 
is essential for climate change mitigation and emission 
offset projects. 
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Coral reefs represent one of the most diverse 
ecosystems in the world, with critical importance for 
organisms which live and interact with them. People also 
depend heavily on this marine ecosystem for ecological, 
economic and cultural purposes. However, coral reefs 
are experiencing recent rapid change, partially from 
natural but mainly human factors. One such factor is 
coral trade, practiced in several tropical and sub-tropical 
regions for different purposes, mostly for ornamental 
aquaria. Many communities harvest wild organisms, 
providing basic incomes for several people, but depleting 
wild populations with serious impacts to this ecosystem. 
Coral aquaculture is therefore proposed to be important 
to biodiversity preservation, but also for restoration 
and rehabilitation purposes. Additional benefits include 
enhancement of biomedical research and reef ecology. 
Coral culture is still a new practice that need further 
research and optimization. This study aimed to investigate 
the role of light (Photosynthetic Active Radiation - PAR 
and Spectra) in the metabolism, growth and photobiology 
of the Scleractinea and Alcyanacea corals Montipora 
digitata and Sinularia flexibilis for the optimization of 
aquaculture. 56 replicas of each species were acclimated 
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for two months before being submitted to a four months 
culture experiment in a recirculating system, using two 
treatments: red and blue light spectra with two PAR 
intensities, high light (120±10 µmol quanta.m-2.s-1) and 
low light (60±10 µmol quanta.m-2.s-1). In vivo chlorophyll 
fluorescence activity (Fv/Fm), zooxanthellae counts, and 
biomarkers of cellular energy allocation (energy available 
(Ea) and energy consumption (Ec)) were measured at 
the beginning and end of the experiment. Coral tissue 
samples were individually homogenized on ice using 
ultra-pure water. From each sample, three aliquots were 
taken for the spectrophotometric analysis of lipid, sugar 
and protein contents, and ETS activity. It was observed 
that corals in low blue light exhibited enhanced 
growth compared to their high red light counterparts. 
Zooxanthellae concentrations in S. flexibilis and M. digitata 
were higher in fragments reared under low blue light 
compared to the ones reared under high blue light. 
Significant differences in energy consumption were 
observed in blue light. (PAR 70). Fv/Fm were significantly 
different in red and blue light. These results suggest 
that blue light at low intensity is better for coral health 
and growth. Further optimization of such coral culture 
techniques is necessary in order to help reduce wild 
harvest of corals for the aquarium trade. 

Keywords: Montipora digitata, Sinularia flexibilis, Cellular 
energy allocation, Photobiology, Zooxanthellae, Coral 
aquaculture, Coral trade.
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Background 

Like many other countries, various chemical pollutants 
are continuously affecting Tanzania marine ecosystem. 
Several environmental studies in Tanzania have reported 
accumulation of pollutants such as heavy metals, organotin, 
organochloride pesticides, polychlorinated biphenyls 
(PCBs) and polycyclic aromatic hydrocarbons (PAHs) in 
different ecological areas such as mangrove ecosystem in 
coastal areas. These pollutants are imported to these areas 
through the water from rivers and streams and the highest 
concentrations occurred in urban areas near river mouth. 
The aquatic organisms from these areas responses to the 
pollutants by changing their biochemical and physiological 
mechanisms, which can be efficiently detected by analysis 
of the biomarkers. The present study evaluated the 
concentration of heavy metals in the tissues of fiddler 
crabs and sediments, Acetylcholinesterase activity in the 
tissues of fiddler crabs and Oxidative stress responses in 

tissues of fiddler crabs. The study hypothesised that the 
heavy metals concentration, AChE activity and LPO in 
tissues of fiddler crabs are significantly different among 
the sites (Mbweni, Kunduchi and Mtoni) with different 
level of contaminants along the coast of Dar es Salaam. 

Methods 

The fiddler crabs and sediments (for heavy metals analysis) 
were collected from Mbweni, Kunduchi and Mtoni Kijichi 
during April and July 2018. Heavy metal concentration 
in sediments and in the tissues (Gills, Hepatopancreas 
and Muscles) of fiddler crabs collected from Mbweni, 
Kunduchi and Mtoni Kijichi Mangroves were detected by 
using Atomic Absorption spectrophotometer (VARIAN 
AA240). The oxidative stress responses by tissues of fiddler 
crabs were determined by using MDA standard adopted 
from Siddique et al (2012) while Acetylcholinesterase 
activity was determined by endpoint method adopted 
from Benabent et al (2014) followed by determination of 
total protein by Bradford method. 

Results 

The findings from this study indicates that Zn, Pb, Cr 
and Cd, with the exception of Cd were accumulated 
in high concentration in the fiddler crabs gills followed 
by hepatopancreas and muscles from all the study sites. 
Furthermore, the concentration of heavy metal was high 
fiddler crabs tissues in order of gills >hepatopancreas 
>muscles, which indicate tissue dependent. The findings of 
this study showed that LPO level was generally low in Mtoni 
as compared to Mbweni and Kunduchi. Moreover, the high 
level of LPO in Mbweni followed by Kunduchi and lastly 
Mtoni was related to human activities conducted in the 
study area. Mbweni and Kunduchi are dominated by active 
fishing activities and human settlement encroachment to 
the coast while Mtoni currently there is no activity, which 
is also somehow isolated by, walls. However, statistically 
there was no influence of site as well as salinity, though; 
slightly high LPO was observed in high salinity in relation 
to low salinity. The findings of this study revealed that 
acetylcholinesterase was the function of salinity, tissue and 
contamination (locality) as was high in fiddler crabs tissues 
from high salinity, particularly muscles and those from 
Mtoni. This was proven statistically that salinity, tissues and 
site had an influence separately and interactively. 

Conclusion 

The level of oxidative stress biomarker in fiddler crabs 
were not significantly different in mangroves with 
different levels of environmental contaminations and 
salinity fluctuation. However, hepatopancreas Lipid 
peroxidation was significantly different from other 
fiddler crab tissues collected from both sites (Mbweni, 
Kunduchi and Mtoni), giving a potential biomarker 
tissue for lipid peroxidation in the particular species. 
The Acetylcholinesterase activity in fiddler crabs were 
significantly different in tissues, salinity and between the 
study sites. The AChE activity was much higher in Mtoni 
as compared to Kunduchi and Mbweni, which suggests 
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the differences in the levels of contamination especially 
neurotoxic contaminants. The significant difference in 
AChE activity in gills, hepatopancreas and muscles of 
fiddler crabs from Mtoni, Kunduchi and Mbweni were 
associated with the variations in heavy metals and with 
the fluctuation in salinity among the sites. The lower 
AChE activity in hepatopancreas and gills of fiddler 
crabs collected from both sites, giving these tissues 
the potential to be used as biomarker tissue in the 
particular species. 
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A study on the knowledge and perception of local 
populations on dugongs and seagrass beds was carried out 
in the northern of Madagascar (Ankazomborona, Analalava, 
Ampasindava), in order to determine perception and 
parameters that influence local populations’ knowledge 
on dugongs and sea grass beds and then the current state 
of seagrass beds. Sampling was carried out from March to 
July 2018, using “Seagrass Watch” method for ecosystem 
monitoring and investigations for population opinion. Local 
population’s knowledge of dugongs is then influenced by 
three parameters : age, years of experience in fishing industry 
and daily activity. New fishermen and non-fishermen have 
a few knowledge about dugongs and seagrass beds, while 
experienced fishermen have more advanced knowledge. 
Meeting with dugongs is very rare. By-catch was reported 
in Ankazomborona in 2015 and the NGO COSAP 
Sahamalaza reported an observation of 11 species between 
2016 and 2018 around Ampasindava. Excessive capture, 
insufficient food resources and late maturity are the main 
causes of dugongs rarity. Ampasindava’s seagrass beds is 
considered to be in good health, with a 50% recovery rate, 
which is not the case for Ankazomborona and Analalava 
(30% and 26% respectively). Eight species were found on 
the 3 sites : Halophila stipulacea, Halodule uninervis, Halodule 
wrightii, Cymodocea serrulata, Thalassia hemprichii, Syringodium 
isoetifolium, Thalassodendron ciliatum and Halophila stipulacea. 
Ampasindava is covered by more than 80% of Halophila sp 
and Halodule sp, very appreciated by dugongs, which justifies 
their remarkable presence in this area. 

Keywords: Dugongs, seagrass beds, knowledge, local 
population, northwest Madagascar
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Presently there is a shift in ocean observing technologies 
from instruments that require a considerable amount of 
human intervention to more autonomous ones. The new/
future generations of ocean observations enable scientists 
to collect data in otherwise under sampled regions. 
Examples of such technologies are Argo floats, autonomous 
surface and subsurface vehicles and Smartfins. In a recent 
case study Morris & Lamont (2019) used high resolution 
Argo float profiles to sample the continental shelf along 
the east coast of South Africa. Similarly the Gliders in the 
Agulhas (GINA) project uses autonomous surface and 
sub-surface gliders to collect high resolution data between 
Richards Bay and Port Elizabeth (Krug, Swart, Hermes; 
2018). Even though this region is critical to understand 
due to its importance for local weather, transport, due 
to complex weather and ocean conditions, carrying 
out observations in this region is notoriously difficult 
due to the very strong current shear. Even though the 
large majority of coastal citizen spend hours on beaches 
every week around the world, the surfzone is arguably 
the least understood region of the ocean. This is largely 
due to the forceful nature of waves, complex and short 
lived dynamics, yet surfers spend hours in the surf zone 
every day. Smartfins can be used to change this. Smartfins 
are a relatively new technology that equips surfers with a 
surfboard fin that is capable of collecting a range of data. 
Scientists can equip surfing communities with Smartfins 
to autonomously collect data while they surf. In doing so 
local communities will become more interested in the 
ocean and perhaps create a sense of responsibility and 
environmental awareness. Some key results around Argo 
floats, surface drifters and glider work on the East coast of 
South Africa are presented here as well as future potential 
uses of new equipment such as the Smartfin.
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Background

Oysters are a widespread and diverse group of shellfish 
that are an important source of food and income for 
a wide range of coastal communities, either through 
subsistence gathering, small scale commercial harvesting, 
or commercial aquaculture. South Africa has a number of 
indigenous oyster species that have been harvested for 
thousands of years. These include several members of 
the Ostreidae (true or flat oysters) including members 
of the genera Striostrea and Saccostrea. Attempts to 
culture these native species have been made since the 
mid 1800’s but these all failed for a number of reasons, 
including environmental factors, slow growth, insufficient 
recruitment or poor husbandry techniques. It was only 
with the introduction of a non-native species, the Pacific 
Oyster (Crassostrea gigas, aka Magallana gigas) that 
successful commercial aquaculture commenced. The 
culture of non-indigenous organisms carries a number of 
potential risks, however, including: becoming established 
as an invasive species outside of the confines of the 
aquaculture facility; or acting as vectors for disease or 
parasites. In light of this it was decided to revisit the 
culture potential of the native oysters, in particular the 
Cape Rock Oyster, Striostrea margaritacea, and the Natal 
Rock Oyster, Saccostrea cucullata. In various regions across 
the Indo-Pacific, recent genetic analysis of the Ostreidae, 
particularly the genus Saccostrea, has uncovered hidden 
biodiversity with a large number of new, cryptic species. 
The taxonomy and organisation of this genus is therefore 
currently in a state of flux. Given the large range over 
which oysters are distributed and their remarkable 
morphological plasticity, developing baseline knowledge 
of their biodiversity and population structure in the 
region is critical. This includes determining exactly which 
species are present, their ecological distribution, and how 
populations are structured genetically.  This required a 
detailed investigation of the phylogenetic relationships of 
the various oyster species and the genetic population 
structure or each species. 

Methods

Oysters were collected from sites along the east coast 
of South Africa, from the Eastern Cape to northern 
KZN. This covers three biogeographic regions from cold 
temperate to warm subtropical. Collection sites included 
sub-tidal rocks, inter-tidal rocks, estuaries, mangroves and 
artificial harbours. Oysters were identified on the basis 
of shell morphology and preserved in ethanol for genetic 
analysis. Genomic DNA was extracted from the mantel or 
adductor muscle of each specimen and the shell preserved 
for morphological examination. Two mitochondrial 
markers, cytochrome oxidase I (COI) and a fragment of 
the 16S ribosomal gene (16S), as well as a nuclear marker, 
the internally transcribed spacer 1 (ITS1) of the ribosomal 
cluster, were sequenced. Phylogenetic analysis of individual 

and concatenated sequences was conducted on the 
cleaned and aligned sequences using neighbour joining 
(Mega, RAxML) or Baysean methods (Mr Bayes). Within 
each species, haplotype networks were constructed and 
population statistics (Fst, Tajima’s D, etc.) were calculated. 

Results

The identity of Striostrea margaritacea was confirmed 
genetically and it was shown to be a panmictic population 
with relatively high haplotype diversity across its range 
from the Eastern Cape to northern KZN. Saccostrea 
proved, however, to be a much more complicated 
story. The Saccostrea species found on inter-tidal rocks 
exposed to high wave energy was more closely related 
to Saccostrea mordax from the Indo-Pacific than to any 
S. cucullata clades. Genetic analysis of mitochondrial 
genes of oysters found in protected estuaries and 
mangroves revealed the existence of three sympatric 
and morphologically indistinguishable Saccostrea species 
throughout the region. One of these (ZA clade II) was 
most closely related to S. cucullata (S. cucullata, clade F) 
from South East Asia and the Eastern Pacific. Another 
clustered genetically with S. palmula from the Caribbean. 
Yet another (clade IV) had no close relatives in the 
database and might be endemic to the south-east coast of 
Africa. None of the Saccostrea species identified showed 
any geographical population structure, with shared 
haplotypes throughout their ranges, and all were found 
throughout the region sampled. Interestingly, the species 
found along the exposed rocky shores, S. mordax, showed 
extremely low genetic diversity, possibly indicating a 
recent range expansion or bottleneck. Extensive sampling 
of estuaries and harbours also demonstrated established 
populations of the non-native M. gigas along the Eastern 
Cape and KZN coast, as far north as the Richards Bay 
harbour and Umhlatuze estuary (a protected area). This 
is over 800 kilometres north of its previously known 
distribution and suggests that this potentially invasive 
species has spread much farther than previously known. 

Conclusions

We have identified the presence of four Saccostrea 
species on the east coast of South Africa and corrected 
the historical mis-identification of the Natal Rock 
Oyster as S. mordax. This increase in the number of 
Saccostrea species warrants further investigation and 
possibly increased levels of protection, particularly 
in light of the large number of threats to estuaries 
and mangroves along the coast. The presence of 
the potentially invasive, non-native C. gigas in these 
same systems is also of great concern. The reason 
for the remarkable low genetic diversity of S. mordax 
throughout its range is also of interest. 
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ORAL – Thursday, LT2, 1200
Acetylcholinesterase Activity and Oxidative 
Stress Biomarkers in austruca occidentalis from 
Mangroves of the Coast of Dar es salaam, Tanzania. 

JAMES KACHUNGWA1*, FLORA S. NYAKI1, H.B 
PRATAP1

Department of Zoology and Wildlife Conservation 
College of Natural ad Applied Sciences, University of 
Dar es Salaam, P.O. Box 35064, Dar es Salaam, Tanzania

Email: jkachungwa@udsm.ac.tz

Background 

Like many other countries, various chemical pollutants 
are continuously affecting Tanzania marine ecosystem. 
Several environmental studies in Tanzania have reported 
accumulation of pollutants such as heavy metals, organotin, 
organochloride pesticides, polychlorinated biphenyls 
(PCBs) and polycyclic aromatic hydrocarbons (PAHs) in 
different ecological areas such as mangrove ecosystem in 
coastal areas. These pollutants are imported to these areas 
through the water from rivers and streams and the highest 
concentrations occurred in urban areas near river mouth. 
The aquatic organisms from these areas responses to the 
pollutants by changing their biochemical and physiological 
mechanisms, which can be efficiently detected by analysis 
of the biomarkers. The present study evaluated the 
concentration of heavy metals in the tissues of fiddler 
crabs and sediments, Acetylcholinesterase activity in the 
tissues of fiddler crabs and Oxidative stress responses in 
tissues of fiddler crabs. The study hypothesised that the 
heavy metals concentration, AChE activity and LPO in 
tissues of fiddler crabs are significantly different among 
the sites (Mbweni, Kunduchi and Mtoni) with different 
level of contaminants along the coast of Dar es Salaam. 

Methods 

The fiddler crabs and sediments (for heavy metals analysis) 
were collected from Mbweni, Kunduchi and Mtoni Kijichi 
during April and July 2018. Heavy metal concentration 
in sediments and in the tissues (Gills, Hepatopancreas 
and Muscles) of fiddler crabs collected from Mbweni, 
Kunduchi and Mtoni Kijichi Mangroves were detected by 
using Atomic Absorption spectrophotometer (VARIAN 
AA240). The oxidative stress responses by tissues of fiddler 
crabs were determined by using MDA standard adopted 
from Siddique et al (2012) while Acetylcholinesterase 
activity was determined by endpoint method adopted 
from Benabent et al (2014) followed by determination of 
total protein by Bradford method. 

Results 

The findings from this study indicates that Zn, Pb, Cr 
and Cd, with the exception of Cd were accumulated 
in high concentration in the fiddler crabs gills followed 
by hepatopancreas and muscles from all the study sites. 
Furthermore, the concentration of heavy metal was high 

fiddler crabs tissues in order of gills >hepatopancreas 
>muscles, which indicate tissue dependent. The findings of 
this study showed that LPO level was generally low in Mtoni 
as compared to Mbweni and Kunduchi. Moreover, the high 
level of LPO in Mbweni followed by Kunduchi and lastly 
Mtoni was related to human activities conducted in the 
study area. Mbweni and Kunduchi are dominated by active 
fishing activities and human settlement encroachment to 
the coast while Mtoni currently there is no activity, which 
is also somehow isolated by, walls. However, statistically 
there was no influence of site as well as salinity, though; 
slightly high LPO was observed in high salinity in relation 
to low salinity. The findings of this study revealed that 
acetylcholinesterase was the function of salinity, tissue and 
contamination (locality) as was high in fiddler crabs tissues 
from high salinity, particularly muscles and those from 
Mtoni. This was proven statistically that salinity, tissues and 
site had an influence separately and interactively. 

Conclusion 

The level of oxidative stress biomarker in fiddler crabs 
were not significantly different in mangroves with different 
levels of environmental contaminations and salinity 
fluctuation. However, hepatopancreas Lipid peroxidation 
was significantly different from other fiddler crab tissues 
collected from both sites (Mbweni, Kunduchi and Mtoni), 
giving a potential biomarker tissue for lipid peroxidation in 
the particular species. The Acetylcholinesterase activity in 
fiddler crabs were significantly different in tissues, salinity 
and between the study sites. The AChE activity was much 
higher in Mtoni as compared to Kunduchi and Mbweni, 
which suggests the differences in the levels of contamination 
especially neurotoxic contaminants. The significant 
difference in AChE activity in gills, hepatopancreas and 
muscles of fiddler crabs from Mtoni, Kunduchi and Mbweni 
were associated with the variations in heavy metals and 
with the fluctuation in salinity among the sites. The lower 
AChE activity in hepatopancreas and gills of fiddler crabs 
collected from both sites, giving these tissues the potential 
to be used as biomarker tissue in the particular species. 

ORAL – Wednesday, G5, 1720
Improving marine data accessibility and use in the 
Western Indian Ocean 

JAMES MBUGUA*1, DAVID OBURA1, KENNEDY 
OSUKA1, MELITA SAMOILYS1 

1CORDIO East Africa P.O. Box 10135 Mombasa 80101, 
Kenya 

Emails: jmbugua@cordioea.net 

Background 

The ocean is under increasing human developmental 
pressures that have varying levels of impact. Although 
the health of the Western Indian Ocean (WIO) is 
declining, it is considered better than the global average 
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and therefore efforts to reduce or halt negative impacts 
will be critical to maintain this status. The need and 
support for larger and more varied datasets to support 
science and planning such as Marine Spatial Planning 
(MSP) in the WIO has increased, but it has not been 
matched by efforts and mechanisms to make data 
publicly accessible, thus limiting progress in research 
and management, and therefore also development. To 
support the public process of analysing and allocating 
the spatial and temporal distribution of biodiversity 
and human activities in the region, CORDIO developed 
the Marine Spatial Atlas for the Western Indian Ocean 
(MASPAWIO) geoportal in 2015, and is continuing to 
maintain and build it, to actively feed research data into 
broader portals and processes. The topic range and 
types of content compiled on MASPAWIO, including 
on biodiversity, population, threats, management and 
conservation efforts in the WIO, are presented in this 
paper. Material and 

Methods 

MASPAWIO was established through collaboration with 
the International Union for the Conservation of Nature 
(IUCN) with funding from the French Development 
Agency (AFD), and since then it has been supported by 
multiple projects, including with funding from WIOMSA 
and currently the Norwegian Agency for Development 
Cooperation (Norad). These projects have supported 
primary or secondary data collection, compilation or 
analysis, and outputs are compiled and made available in 
spatial data layers on MASPAWIO. Outputs are compiled 
under four thematic areas: marine biodiversity, marine 
habitats and ecosystems, human demography and Earth 
Observation (EO) products. MASPAWIO is powered by 
GeoNode, an open source software, mounted on a Linux 
instance hosted on an Amazon cloud server under the 
domain http://maspawio.net/. The portal also integrates 
ArcGIS Online applications https://cordioea.net/outputs-
results/maspawio/gis/ that aid in diversification and 
delivery of products in multiple formats. Monitoring 
of the usage of the geoportal MASPAWIO began on 
September 2018 using Google Analytics to assess users 
and their needs and applications in order to improve the 
content and understand better stakeholders’ needs in 
the WIO region. 

Results 

MASPAWIO currently hosts 83 static data layers, five 
interactive and printable maps based on spatial data 
overlay as well as nine web map applications that leverage 
on the use of maps, charts and text narratives to deliver 
content in a more simplified manner. The focus to date 
has been in four thematic areas: shallow water marine 
biodiversity, marine habitats and ecosystems, human 
demography and Earth Observation (EO) products 
(such as sea surface temperature and Chlorophyll a 
concentration). Usage monitoring documented 329 

users over a 20-week period. Snapshot analysis showed 
that between 15th September 2018 and 29th January 
2019, at least 18 users accessed the portal per week. 
70% of the users spent much of their time exploring 
the static layers, suggesting an interest in primary 
information and data. 17% of the users explored the web 
map application whereas 13% of the visitors explored 
the interactive maps. These results are now informing 
CORDIO’s current 5-year work plan (2018-2023) to 
generate a range of management and policy-relevant 
indicators and make them and their data inputs available 
on MASPAWIO, providing an updatable and growing 
resource for varied end-users in the WIO. This paper will 
invite interested participants to participate interactively 
with the portal by utilizing the existing information for 
evidenced based management interventions. 

Conclusion 

The content and utility of MASPAWIO is projected 
to grow into a public resource and regional gateway 
of content, services data and applications that provide 
coastal and marine spatial information on drivers and 
pressures in the WIO region. Content developed on 
MASPAWIO will be pushed to end-user regional and 
global resources such as the Africa Marine Atlas, Nairobi 
Convention Clearing House Mechanisms, Ocean 
Biogeographic Information System (OBIS) and Global 
Biodiversity Information Facility (GBIF), to maximize 
access to data from the WIO for multiple purposes. 
Mechanisms for accomplishing this will include use 
of the Integrated Publishing Toolkit (IPT), generating 
data publications and making this workflow accessible 
to researchers. Outputs will be linked to public and 
institutional online portals (such as OBIS and GBIF) 
to provide an active link between ongoing research 
and accessible resources to support management and 
sustainability of WIO marine resources. 

Keywords: Biodiversity, marine spatial planning, data 
sharing, open data, portal, data access. 

ORAL - Tuesday, LT1, 1220 
The changing structure and productivity of 
artisanal fisheries in Seychelles 
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Tropical coastal communities are highly reliant on coral 
reef and pelagic fisheries, which provide nutrition and 
employment for millions of people. For coral reefs, climate-
driven coral bleaching events are predicted to reduce 
productivity of reef fisheries, with significant implications 
for food security and livelihoods. Under such projections, 
pelagic fishes may become an important source of 
nutrition for tropical coastal communities. However, 
evidence of long-term bleaching impacts on coral reef 
fishery productivity is lacking, while our understanding 
of offshore catch trends is limited to commercial high 
seas fisheries. Here, we analyze over 20 years of fish 
abundance, catch and habitat data from Seychelles to 
assess long-term impacts of climate-driven coral mass 
mortality and regime shifts on nearshore coral reef trap 
fisheries. We also quantify catch rates of handline fishers 
operating in offshore habitats to evaluate the social and 
ecological sustainability of non-reef fisheries. Contrary to 
expectations, total catches and mean catch rates of reef 
species were maintained or increased after coral bleaching, 
consistent with increasing abundance of herbivorous target 
species in underwater surveys, particularly on macroalgal-
dominated reefs. Catch instability increased as habitats 
followed divergent post-disturbance trajectories and 
the distribution of target species became more spatially 
variable, potentially impacting fisher incomes and local 
market supply chains. Over the same time period, offshore 
catch rates of 9 species groups declined by 23-62%, with 
mean catches decreasing from 314 to 110 kg day-1. Catch 
declines coincided with an increase in fishing effort and 
spatial expansion of fishing grounds, suggesting that 
exploitation levels are too high. In sum, productive coral 
reefs contradicted expectations that climate impacts will 
cause reef fisheries to collapse, while declines in offshore 
fisheries suggest that pelagic food sources may already be 
overexploited. Although coral bleaching increased fishery 
dependence on herbivore species, our results show that 
climate-impacted reefs can still provide livelihoods and 
fish protein for coastal communities. In contrast, the 
viability of pelagic fisheries as alternative nutrition sources 
will depend on historical fishing pressure, such that 
heavily-exploited regions may become more dependent 
on nearshore reef and algal habitats. 

POSTER
Challenges and Optimal Business Strategies in 
Marine BioResource Organisations 

JANE COLLINS 

Faculty of Pharmaceutical Sciences, Clinical 
Pharmacology and Pharmacotherapy, KU Leuven, O&N 
II Herestraat 49 – box 521, 3000 Leuven, Belgium 

Email: jane.collins@kuleuven.be

A variety of challenges currently limit the success of the 
marine biotechnology industry. The aim of this research 
is to identify the major challenges experienced with 
regards to development of marine biological resources. 
A survey was prepared and sent out to approximately 
500 people within different organisation types (e.g. 
start-up companies, SME’s, large companies, research 
institutes, universities) and sectors (e.g. pharmaceutical, 
cosmetics, nutraceutical, industrial biotechnology, 
agricultural). Survey results indicate that challenges can 
be categorized into 3 main groups, namely challenges 
related to 1) biodiversity, 2) supply and technology, and 
3) market. Supply and technology challenges represent 
the largest category of hurdles, with 71% of participants 
selecting options that fall within this topic. ‘Discovery 
of novel marine natural products and bioactives’ and 
‘determining specific mode of action’ were two of the 
most significant factors linked to supply and technology. By 
understanding the specific types of hurdles experienced 
by different organisations and market sectors, the marine 
biotechnology industry will be in a better position to 
adapt and develop solutions for specific bottlenecks. 
Consequently, the next step in this research will be to 
try and identify trends in the challenges and link them to 
four key parameters: 1) stages in the biodiscovery value 
chain, 2) target end markets, 3) organisation types, and 4) 
type of marine bio-resource used. 

POSTER
‘Age and growth estimates of frigate mackerel (Auxis 
thazard) in the southwestern Indian Ocean’ 

JAONA GAILLORD

E-mail: gayapitt2000@gmail.com

The Frigate tuna, Auxis thazard, is a small pelagic neritic 
tuna, member of the family Scombridae which includes 
tunas, mackerels and bonitos. It is a highly migratory 
species with a worldwide distribution throughout all 
tropical and subtropical seas (Liu, 2008). This species is 
the majority in the catches of fish landed in the different 
ports of the coastal African countries. These fish are 
thus of paramount socio-economic importance to many 
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coastal communities because their fishing provides many 
jobs (Diaha & et al., 2009). According to CTOI in 2017, 
no quantitative assessment of the Auxide stock in the 
Indian Ocean is available to date, and due to the lack of 
fish data on several gears, only provisional stock status 
indicators can be used. Growth is perhaps the most 
studied of all parameters used to describe the life history 
of exploited fish (Katsanevakis and Maravelias, 2008). An 
understanding of growth is fundamental for population 
modeling, stock assessments, and managing exploited 
species (Gulland, 1988). The most commonly used data 
for estimating fish growth is length-at-age data, although 
length-frequency data and mark recapture data are also 
used (Francis, 1988; Labelle and et al., 1993). This study 
proposed to improve the biological knowledge of auxide 
in the southwestern Indian Ocean and to estimate 
the parameters of growth. The specimens of auxide 
that were used in our study came from the bycatch of 
European seiners who landed at the port of Antsiranana 
from 2012 to 2018. The individuals are identify and 
measure according to the length at the fork (LF).  The 
methodology established by the USTA and IRD-France 
is to measure 200 tuna individuals per day per vessel, 
depending on the duration of landing of tunas. The 
number of the measured individuals depends in general 
on its abundance in quantity. The more abundant it is, the 
greater the frequency of measurement. The information 
collected is processed statistically and mathematically 
through software such as the Excel 2016 and the data 
frequency analysis, LFDA 5. Growth was expressed in 
terms of the following equations (von Bertalanffy, 1938): 
0 -K(t-t) L =L (1-e) t∞ where Lt is the fork length and 
body weight at age t, L∞ is the asymptotic fork length, 
k is the growth coefficient, t is the age, and t0 is the 
theoretical age when the specimen was at zero fork 
length. The relationship between the weight of a fish 
and its length was calculated by the equation: W=a.Lb 
Where L is the length of the fish, a is a constant, and b 
is the coefficient of allometry. The parameters derived 
from these equations were used to estimate mortality 
rates (Z, M, and F). The study of linear growth based on 
10 437 individuals of the total strength of the auxide, 
allowed the determination of the growth parameters of 
von Bertalanffy. The size frequency is dominated by the 
size between 38.5cm and 44.5cm. Following an estimated 
calculation by LFDA 5.0, L∞ = 48cm and the K = 0.53/
year. The value of t0 is also estimated by the formula of 
Pauly, and the value estimated is - 0.55. The value of L∞ 
is close to that estimated by Yu and et al., 2012 (Taiwan) 
and Dwinpongo and et al., 1986 (Indonesia). And for 
parameter K, the value obtained is close to that obtained 
by Joseph and et al., 1986 (Sri Lanka) and that found by 
Yu and et al., 2012 also. For weight growth, the value of 
allometry is estimated, and b = 2.42. The value obtained 
and that obtained by Rugpan and et al., 2008 indicates 
a minor allometry, while the other authors obtained a 
major allometry in Indian Ocean. This means that the 
weight of the species studied is relatively slower than 
the length. The values obtained (Z = 0.90; M = 0.76; F = 
0.14) are close to that found by Lu and et al., 1991, but 
lower than that of Yu Tao and et al., 2010 and Ghosh and 

et al., 2010. The results of this work allow us to say that 
the parameters of the biology and population dynamics 
of the species Auxis thazard in the southwestern Indian 
Ocean do not differ significantly from other regions 
of the Indian Ocean. The dominant catch size is longer 
than the maturity size reported by Tester and Nakamura 
(1957), Yasui (1975). These values indicate that the 
population of the auxide studied is still a bundant in the 
southwestern Indian Ocean.
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Madagascar Coastal and Marine Atlas (MaCMA): 
source of geospatial data and information for 
ocean and coastal zone management.
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Ocean and coastal zone management is a key challenge 
in the context of the global economic growth for which, 
sustainable development and conservation require an 
accurate and good understanding of all components of 
these areas. The lack of available observational data and 
information related to ocean and coastal areas becomes a 
major obstacle for a good decision making in the process 
of marine and coastal economic development planning. 
The purpose of the Madagascar Coastal and Marine Atlas 
is to identify, collect and organize available geospatial 
datasets related to marine and coastal areas into an atlas 
as a single access point to users (concerned scientists 
and students) and used as a toolkit for the development 
of decision-making process. Under the sponsorship of 
the C-RiSe Project and the IOCAFRICA Programme, the 
MaCMA will contains also a number of other geospatial 
data from regional projects. At the moment, most of the 
layers in the MaCMA are national-scale, but the interface 
permits also the inclusion of layers from regional-scale. 
Based on Geonode mapserver, all datasets in the MaCMA 
use the standard GIS mapping convention (longitude 
and latitude in decimal degrees) and all products are 
available in geographical coordinates using the WGS84 
Projection system. Actually, the atlas contains 50 layers 
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including themes ranging from Atmosphere, Biosphere, 
Geosphere, Hydrosphere and Human Environment. 
These layers cover the complete area of interest, defined 
by the following geographical coordinates: latitude zone 
from -5 degrees in the north to -37 degrees in the south; 
and from +37 degrees in the East to +57 degrees in the 
east. The MaCMA Project is sponsored by the C-RISe 
Project and the IOCAFRICA Program as part of its 
initiative to “Improve the understanding of the ocean and 
costal process around Africa”. 

POSTER
C-RISe Coastal Risk Information Service: Modelling 
the impact of climate change on ecosystem, the 
case study of Ambodivahibe 

J. CLARCK N. RABENANDRASANA, ANDO 
RABEARISOA

Conservation International Madagascar

Email: crabenandrasana@conservation.org
 
It is now well established that the overall sea level is 
increasing and that large-scale weather conditions are 
changing. Mozambique, Madagascar and South Africa have 
important coastal populations that are very vulnerable 
to the consequences of climate change. Coastal Risk 
Information Service (C-RISe) is an international 
partnership project aimed at enabling local stakeholders 
to use information on sea level rise, storm surges, wind 
speed and wave heights obtained by Satellite altimetry 
to reduce the social and economic impact of coastal 
flooding and increasingly variable weather conditions. 
The C-RISe project apply an innovative technology for 
the processing of satellite elevation data, developed in 
the United Kingdom, to data from coastal regions of 
Mozambique, Madagascar and South Africa and will 
provide these satellite observations Via an online data 
portal. In this context, Conservation International apply 
the climatological data of sea, wind and wave levels and 
near real-time data to the continuous management of 
the Marine Protected Area (MPA) of Ambodivahibe 
in northeastern Madagascar. Satellite data are used to 
Modelling: Effect of wind, rainfall, tide gauge, sea level, and 
temperature change on ecosystem health (bleaching, algal 
bloom, invasive species, etc.). The results of modelling 
are included into the MPA management system and 
improve the management plan, and the Information 
Service provision. The outcomes of the project are : 
1) Environmental, Coastal and Ecosystem diagnostic of 
Ambodivahibe MPA, 2) Modelling the impact of climate 
change on MPA ecosystem and 3) Develop a marine and 
coastal spatial plan for the MPA 4) Providing/Sending 
by sms the daily Marine Conditions Advice Service for 
Ambodivahibe local community, fishermen, and other 

stakeholders. The project is particularly beneficial for 
these local communities and fishermen by improving 
their access to information on climate conditions, waves, 
sea level, tides which facilitate their fishing work as well 
as their maritime activities.
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Investigating fishers’ perceptions and associated 
adaptations to climatic and environmental changes 
in small-scale fisheries 
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Introduction 

The degradation of coastal ecosystems due to climate 
change, in tandem with human driven environmental 
change, seriously threatens the livelihoods of the 
communities that depend on them for income, protection 
and nutrition. Fishers’ perceptions to these changes and 
associated adaptations can shape their attitude and 
response towards regulations that impact them negatively, 
resulting in poor compliance and further environmental 
degradation. Using a holistic management approach by 
combining local perceptions with modern management 
systems is likely to be more successful than government 
driven top-down management plans. An increase in fisher 
compliance is especially important in areas with a lack of 
resources and staff for monitoring and policing, as well 
as high levels of corruption. Increased effectiveness can 
alleviate some of the pressures driven by climate change, 
resulting in higher socioecological resilience. This study 
uses an ethnographic framework to better understand 
the environmental attitudes and perceptions of fishers 
within the Zanzibar Archipelago. This information can be 
used to improve fisher compliance within the Western 
Indian Ocean region, contributing significantly to the 
sustainability of small-scale fisheries. 

Methods 

Local knowledge of environmental and climatic 
transformations was documented using a semi-structured 
survey technique, documenting observed changes across 
domains. Participants were selected using a non-random 
cluster sample with the aid of community leaders. They 
were then asked to free list their observed changes for 
each of the domains they are familiar with. For each 
change, respondents were asked to identify the causes, 
timing and adaptive responses. A total of 141 interviews 
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were conducted in three small-scale fishing communities 
from the Zanzibar Archipelago: Nungwi, Unguja (N = 50), 
Mokotoni, Unguja (N = 42) and Wesha, Pemba (N = 49). 

Results 

Of all the changes perceived in the marine environment 
86.96% were negative, with 8.96% and 4.08% being 
regarded as positive or indifferent respectively. In the 
habitats identified by fishers as their main fishing grounds, 
64.96% of recorded changes were related to a reduction of 
sea resources. The most common perceived causes of this 
reduction were overfishing (52.41%) and damaged habitats 
(28.61%). Destructive fishing practices were attributed 
as the primary cause (71.26%) of the environmental 
degradation. Adaptations to these perceptions ranged 
from increasing fishing effort, changing fishing grounds and 
seeking alternative livelihoods. 

Conclusion 

The results suggest that most observed changes 
perceived by fishers are those directly linked to 
harvesting strategies and resource extraction. Associated 
adaptations however, coupled with low education levels, 
indicate a low adaptive capacity and a lack of alternative 
measures, resulting in further destructive exploitation 
and poverty traps. Understanding these socio-ecological 
drivers underpinning fishers’ behavior is critical for 
establishing inclusive and effective management strategies 
for local small-scale fisheries. 

Keywords: Perceptions, climate change, environmental 
change, small-scale fisheries 
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Murky mangroves and catchy corals – Does ecosystem 
attractiveness influence conservation action? 
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The perception of ecosystems is usually translated into a 
discourse that highlights specific features by framing those 
ecosystems in a particular manner. When these features 
take over the discourse, the multidimensional and varied 
depiction of an ecosystem becomes oversimplified, and is 

reduced to a cliché or a caricature. As discourses enable 
or constrain actions and define acceptable and desirable 
management, they have a direct relevance for biodiversity 
and nature conservation. Using qualitative coding, we 
compare descriptions and representations of mangrove 
forests and coral reefs, and explore the potential influence 
of differences in ecosystem-attractiveness on conservation 
action. We show that mangroves are predominantly used 
to set a scene of threatening, impenetrable and dark 
forests. They are pictured as hostile to human settlement, 
harbouring disease (vectors), or as a home to indigenous 
people and runaways who seem the only ones capable of 
finding their way through the mud and maze. However, 
some picture mangroves as a refuge where one can hide 
against the outside world. We find that attractiveness is 
less frequently highlighted for mangroves than for coral 
reefs. Coral reefs are admittedly dangerous for those 
navigating nearby, yet they protect the coastline against 
storm surges and potential intruders. Apart from the 
numerous pictures of climate-change affected coral reefs, 
corals are typically depicted as shining, characterized 
by clear water and brightly colored fauna. Besides 
investigating perception-differences between these two 
coastal ecosystems, we extend our study with a mangrove-
focused analysis to compare samples of world literature, 
popular literature and media with the current perception 
as exposed on social networks. We aim at bridging the gap 
between the global attention for conservation framings, 
and the discourses shaping how the public saw and sees 
mangroves. We discuss whether perception and discourse 
could play a role in conservation prioritization and in 
willingness to protect. 
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Kinship relations in a Mauritian sperm whale group 
through the use of individual-targeted non-invasive 
sampling and genetic analysis
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Sperm whales (Physeter macrocephalus) are one of the few 
cetacean species forming matrilineal social groups composed 
of females and juveniles. Adult males separate from these 
groups, become highly mobile and can later on join different 
matrilineal groups to reproduce, leading to some nuclear 
gene flows in ocean basins. Much interest is nowadays 
given to the genetic diversity in such matrilineal cetacean 
species. An influence of social organization on observed 
low levels of genetic diversity has been hypothesized for 
sperm whales. Gene-culture coevolution could represent 
one of the factors explaining this influence. In this context, 
depicting the familial relationships between members of 
sperm whale groups is of a major interest. But the targeted 
sampling of individuals is generally highly complicated, and 
extended sampling of identified individuals can generally not 
be performed. Here we describe a thorough sampling of a 
sperm whale group resident off the western coast of the 
Mauritius Island in the South West of the Indian Ocean. The 
group has been studied from 2013 to 2018 in the frame of a 
project called “Maubydick”. Based on aerial and underwater 
observations, made by Marine Megafauna Conservation 
Organization (MMCO) observers, all individuals have been 
identified from morphological characteristics assembled on 
identity cards realized by the association Longitude 181, 
under the authority of MMCO. A detailed protocol has 
been defined, allowing to sample in the water sloughed skin 
fragments after their spontaneous release by previously 
identified sperm whales. DNA was then carefully extracted 
from all these skin samples, and polymorphisms were 
analyzed at a 650 bp fragment of the mitochondrial control 
region as well as at 18 microsatellite loci. Genetic profiles 
have been defined for 27 different individuals, and used to 
determine possible familial relationships. For each dyad, 
genetic relationships will be presented and correlated 
to social relationships, observed and characterized from 
repeated and reproducible underwater observations. 
The results lead to new understandings of the social 
relationships between individual sperm whales, correlated 
to precise familial links, that will be discussed. 

ORAL – Thursday, G1, 1120
Importance of Chagos Archipelago sea turtle 
nesting populations to the wider Southwest Indian 
Ocean (SWIO) region 
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Background

Chagos is amongst the most remote and inaccessible 
archipelagos of the Southwest Indian Ocean (SWIO) 
region. Comprising some 67 islands with 235km of 
oceanic coastline distributed across five islanded-atolls, 
it hosts important nesting populations of hawksbill 
(Eretmochelys imbricata) and green turtles (Chelonia 
mydas) that had been heavily exploited for nearly two 
centuries. In 1973 human habitation ended at all but 
Diego Garcia atoll. The present study compiles data from 
nesting surveys conducted in Chagos in the 1970s and 
during the past 25 years to define current status and 
historical trends in the size of the nesting populations. 
We assess their relative importance to the wider region. 
Previous studies have demonstrated strong genetic links 
between Chagos and the Republic of Seychelles for both 
species. Our satellite tracking of post-nesting female 
green turtles from Diego Garcia show that they utilize 
foraging grounds throughout the SWIO region--from 
Chagos, to Seychelles, and along the East African coast. 

Methods

Available turtle nesting habitat and spatial distribution 
of nesting activity in Chagos were assessed during rapid 
surveys of 90% of the Chagos coastline conducted in 
1996, 1999, 2006 and 2016. In addition, semimonthly track 
counts were conducted along a 2.8-km Index Beach on 
Diego Garcia island between 2006 and 2018. These enabled 
us to quantify nesting seasonality and estimate annual egg 
clutch production. We reviewed existing estimates of 
turtle nesting activity elsewhere in the SWIO--including 
the Republic of Seychelles, the French Iles Eparses, 
Mauritius, Madagascar, Comores, and the East African 
mainland between southern Somalia and Mozambique--to 
assess the relative importance of the nesting populations 
of Chagos. Results: Approximately 56% (132km) of the 
total 235km Chagos coastline comprises suitable nesting 
habitat, a figure approximating that calculated for the 
Republic of Seychelles. Estimates of 6,300 hawksbill and 
20,500 green turtle egg clutches laid annually in Chagos 
during 2011-2018 indicate important increases in nesting 
by both species since 1970, with a higher relative rate 
of increase amongst green turtles. Hawksbills showed a 
distinct nesting peak during October-February at both 
Chagos and Seychelles; while Chagos green turtles nested 
year-round with elevated activity during June-October. 
Regional estimates of turtle nesting activity indicate that in 
the SWIO, Chagos accounts for: a) 40-50% of hawksbill egg 
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clutches laid, and b) 15-20% of green turtle egg clutches 
laid. Chagos and Seychelles together account for 97% of 
known hawksbill nesting in the SWIO. 

Conclusions

We conclude that the beaches of Chagos host a 
significant proportion of the hawksbill and green turtle 
nesting populations of the SWIO. The importance of 
Chagos breeding populations to the wider region is also 
indicated by genetic linkages, and by their migrations to 
foraging habitats throughout the SWIO. The favourable 
status of the Chagos populations may reflect >40 years 
of population recovery since exploitation ceased. A 
long-term monitoring programme is needed to capture 
inter-annual variation in nesting numbers and decrease 
uncertainty in population estimates. 

ORAL - Monday, G1, 1220 
30 years of reef monitoring in Mayotte: responses 
to local and global changes

JEANNE WAGNER
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Background 

The Observatory of Coral Reefs of Mayotte (ORC – 
Observatoire des Récifs coralliens de Mayotte) was created 
in 1989 following a massive coral bleaching event in order to 
monitor resistance and resilience of coral reefs in Mayotte. 
In Mayotte, three different types can be distinguished: the 
fringing reef, lining the coast of the main island and the 
around thirty islets, the patch reefs dispersed in the lagoon 
and the barrier reef which delimits the lagoon. Since ORC’s 
creation, coral reefs have been impacted by two other 
bleaching events in 2010 and 2016, linked to the El Niño 
phenomenon. Frequency of bleaching events is increasing in 
the last years, with a new bleaching event predicted this year. 
In addition to the global changes and their consequences, 
reef ecosystems are exposed to growing anthropogenic 
pressures. Mayotte is a very fast developing island with a 
general population increase of 3,8% per year since 2012 
and an ongoing expansion of human activities in coastal 
areas. Pollution, silting and physical destruction are the main 
impacts on reef ecosystems. Long term monitoring of coral 
reefs in a context of global and local changes improves our 
understanding of coral reef resilience and adaptation. We 
use ORC data sets to find out how impacts vary throughout 
the years depending on reef type. 

Methods 

ORC includes different types of reef surveys. Every 
year since 1989, 12 fixed sites (4 per reef type) are 
surveyed according to the methods recommended by 
the Global Coral Reef Monitoring Network (GCRMN). 
Line Intercept Transect (LIT) method is used to assess 

benthic community at different depths. Every 3-6 years, 
complementary surveys covering the different coral reefs 
are organised: complete fringing reef monitoring was 
initiated in 1989. Data on benthic communities is visually 
assessed for around 900 random sites using a bathyscope 
or a glass bottom boat depending on the years. In 2004, 
the first study of patch and barrier reefs was done using 
the Medium Scale Approach (MSA) method on around 
150 random sites. In 2016, during the bleaching event, a 
specific bleaching survey was developed to assess at a 
regional scale the impacts of temperature anomalies on 
coral reefs during the bleaching (bleaching prevalence) and 
after the bleaching (prevalence of dead coral colonies). 
Bleaching was assessed on 50 sites in Mayotte in 2016 and 
will be potentially renewed this year. 

Results 

The responses to global and local pressures depend 
on the reef type. Impact of high temperatures is most 
important on the outer slope of barrier reefs, and the 
least significant for fringing reefs. Impact on reef patch 
varies depending on their location in the lagoon. Results 
show that fringing reefs coral communities have become 
very resistant to bleaching events with a high capacity 
of resilience. Response of patch reefs to temperature 
anomalies is heterogeneous and seems to depend on 
their location. Results show an average resistance during 
bleaching events and significant and constant growth of 
coral cover can be observed one year after the bleaching. 
Finally, barrier reefs show a low resistance to bleaching 
events and the latency time is high: significant coral 
growth can be observed after 5 years. 

Conclusions 

Depending on their spatial location, coral reefs are 
exposed to different pressures, reflecting their resistance 
to stressors. Since ORC’s creation, researchers noticed 
a switch in coral communities for the three reef types: 
vulnerable species are progressively replaced by more 
resistant species as an adaptation to constraining 
environmental conditions. The observed changes in 
coral communities have occurred very suddenly for the 
barrier reef as a response to bleaching events. For the 
fringing reef, the changes seem to be more progressive 
but irreversible, in a response to exposure to chronical 
anthropogenic pressures. Long term monitoring of coral 
reefs helps understanding evolution of reef communities 
exposed to global and local stressors and gives an idea of 
adaptation capability depending on reef type. 
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Coral reefs globally are well known critical habitats 
providing essential services such as maintaining habitat 
for fisheries, and tourism sectors, thereby supporting 
food security, job creation and economic development. 
However, just like in other parts of the world, Kenya’s coral 
reefs continue to decline in size and quality due to various 
land-based activities and climate change-related impacts 
such as widespread bleaching and mortality of corals due 
to the sea surface temperature anomalies episodes. In 
Kenya, many local marine-managed areas (LMMAs) have 
failed to deliver their objectives due to delay in resource 
recovery. In addition to simply setting aside degraded reef 
areas for increased protection and conservation, there 
is an emerging consensus that active interventions such 
as coral transplanting on denuded reef rock and artificial 
reefs may be necessary to recover lost fish habitats, 
and contribute fisheries and eco-tourism development. 
Experimental reef restoration methods have recently been 
developed and proved to be viable for reef rehabilitation 
of degraded reefs, albeit at small-scale. There is therefore 
an increased need to incorporate local community to help 
in reducing the cost required for largescale restoration 
of degraded reef areas. Here, we describe the key 
components for establishing successful community-based 
reef rehabilitation project. These strategies include: 1) local 
community and other stakeholder mobilization, 2) baseline 
survey on degraded reefs, 3) Substrate modification and 
nursery-bed constructions, 4) Raising nursery grown 
corals, 5) Deployment of concrete blocks, 6) Hands-on 
training on coral transplanting, 7) Coral transplantation 
on natural denuded reef rocks and concrete blocks, 
and 8) Monitoring and maintenance of transplanted 
corals. The present work demonstrate an appropriate 
framework where partnership among key stakeholders 
(KMFRI, CDA, KWS) and fishing communities resulted 
to a successful community-based reef rehabilitation 
in terms of effectiveness and cost efficiency as well as 
recovery of fisheries and offering alternative livelihoods 
to local stakeholders. While challenges still exist in 
combating global climate changes, this community based 
reef rehabilitation activity has opened the field of active 
intervention to a wider audience (i.e., reef managers and 

communities), poised to contribute to successful reef 
management in some of the low in fish habitat and non-
recovering reef areas. 

Keywords: Coral transplant, local marine managed 
areas (LMMAs), climate change, reef rehabilitation and 
restoration, Kenya 
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Background

Coral reef fish are increasingly confronted with a range 
of environmental disturbances. However, they also 
contribute to crucial ecosystem processes and services 
in a number of ways. Functional traits and corresponding 
metrics of functional diversity provide a mechanistic link 
between species and their responses to disturbances and 
effects on processes. Nevertheless, there is currently no 
systematic way to select the most appropriate fish traits 
for a functional analysis, catered to the question being 
posed. This work seeks to address this gap and apply a 
method of evidenced-based trait selection to a functional 
assessment of long-term monitoring data from Kenya. 

Methods

Results from a two-stage process will be presented: firstly, 
a systematic review assessing the evidence base for the 
response and effect traits of coral reef fish, and secondly, 
a time series analysis assessing changes in the functional 
traits and diversity of coral reef fish in Kenya’s Marine 
Protected Areas (MPAs).
1. Review: A range of fish traits were identified and 

categorised to generate a typology of traits, modifying 
the trait-based “Response and Effect Framework”. 
The IPCC approach to estimating certainty was 
then adapted for purpose and used to ascertain 
the different confidence levels associated with 
linking traits to either environmental disturbances 
or ecosystem processes. Through this procedure, a 
schematic of evidence types was generated, ranging 
from lab-based experiments to global observational 
studies. Additionally, a network analysis revealed 
which traits are most commonly used together, as 
well as the types of questions they are used to answer. 

2. Time-series analysis: A chronosequence method 
allowed for the creation of a 40-year time series 
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of Kenyan MPA monitoring data. Further to this, a 
functional space was built using key traits identified 
in the review to be affected by fishing pressure 
and climate-change related disturbances. Rates of 
change in functional diversity metrics (functional 
richness, functional dispersion, functional evenness) 
are graphically illustrated and the traits driving such 
change are investigated individually using a structural 
equation model to determine the mechanistic links 
between disturbances, traits, and processes. 

Results

The results of the review provide a foundation for the 
systematic selection of traits and therefore a functional 
analysis of the Kenyan coral reef ecosystem over time, 
linking disturbances to fish traits to ecosystem processes. 
The network analysis shows that size and diet are the most 
commonly used traits with a strong evidence base linking 
them to both disturbances and coral reef ecosystem 
processes. The network analysis also illustrates that a 
greater number of studies were found to link response 
traits to disturbances than effect traits to processes, with 
climate change and fishing being the most commonly 
studied disturbances, and herbivory and predation the 
most commonly studied processes. A strong life-history 
response trait cluster is also revealed in the network analysis. 
The IPCC-style assessment of confidence indicates that it 
can be said with high certainty that 1) functional diversity, 
size, and diet respond to fishing pressure, 2) metabolic 
rate, body mass, and carbonate production respond to 
climate change, and 3) size and diet affect herbivory and 
predation rates. By using traits identified as both response 
and effect traits, a structural equation model allowed 
for the pathways of influence to be determined in the 
Kenyan dataset. An increase of functional diversity over 
time with protection and insignificant impact of climate 
change is demonstrated. Increasing body size in protected 
areas over time contributed to rates of increase of key 
feeding groups of fish. These pathways indicate the links 
between fishing, traits, and processes such as predation 
and herbivory on the reef. 

Conclusion

The results show that shifts in the functional space of 
coral reef fish over time will likely have an impact on 
the key ecosystem processes of herbivory and predation. 
The recovery of traits and functional diversity over time 
since protection in Kenyan MPAs, despite climate-change 
related disturbances, suggest the recovery of ecosystem 
functioning. Nevertheless, direct measures of such 
processes are needed to confirm the link between the 
presence of certain trait combinations and ecosystem 
functioning. Moreover, globally, more work is needed to 
link fish traits to ecosystem processes, so that a more 
precise understanding of the impact of disturbances on 
ecosystem processes and services provided by the reef 
can be understood. 

ORAL – Thursday, G5, 1700
Readiness of Kenya’s coastal communities for 
Marine Spatial Planning 
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Background 

In Kenya, marine artisanal fishing remains the main 
livelihood for coastal communities. Poverty is prevalent, 
and fish are a major food source. However, Kenya is 
pushing for development of a blue economy including 
increased ocean use that may put pressure on resources 
and communities. To ensure sustainable development of 
Kenya’s marine spaces, the country is gearing up for a 
national marine spatial planning (MSP): zoning of ocean 
space into specific use areas. This effort may involve 
establishment of new marine protected areas or fisheries 
closures. MSP is a scientific process through which 
multiple data sets are brought together to make informed 
decisions on where to allow different activities in the 
ocean. It can occur in a collaborative and public process or 
may be largely driven by the national government. Through 
the 2010 Constitution of Kenya, the government devolved 
two of its three arms (legislative and executive) to the 
47 counties, increasing local power in decision making. 
Further, in 2016, Kenya updated its co-management system 
to allow marine stakeholders (fishers, beach vendors, and 
tour operators) to make management decisions with 
county governments through Beach Management Units 
(BMUs). Thus, there is a major opportunity in Kenya to 
develop a community-driven nearshore MSP that allows 
communities to visualize future scenarios and make 
choices that enable conservation and sustained use of 
resources with a high level of MSP local ownership. In the 
last decade, some Kenyan BMUs have voluntarily declared 
24 locally managed marine areas (LMMAs) with some 
form of use restrictions (1 Kawaka et al. 2017). In study of 
10 LMMAs (1 Kawaka et al. 2017), factors that contributed 
to establishment included: leadership, training, a supportive 
legal framework, and donor funding (1 Kawaka et al. 2017). 
However, within these LMMAs, there was little evidence 
of comprehensive governance of LMMAs including review 
of status according to management plans and proactive 
management actions. Two broader surveys on community 
fisheries management in 67 BMUs (2 Muturi et al 2013) 
and in 24 BMUs (3 IOC 2014) along the coastline of 
Kenya found weak relationships between communities 
and government institutions, inefficient linkages between 
research and decision making, lack of gender balance 
and inclusiveness, and low levels of participation of 
communities in fisheries management, along with lack 
of cohesion among BMU members. Further, in a SWOT 
analysis (strengths, weaknesses, opportunities, and threats), 
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while there were two noted strengths (enabling legal 
framework, bringing stakeholders together), there were a 
vast array of weaknesses: low and mismanaged finances/
resources, inadequate infrastructure, poor leadership, low 
technical capacity, low empowerment, poor commitment 
of members, poor cohesion, low sense of ownership, and 
perceived lack of tangible benefits ( 3 IOC 2014;see also 
Maina 2011). Given that Kenya has completed scoping 
for MSP ( 4 Roberts 2017) and has applied for World 
Bank funding to launch an MSP process, it is critical to 
reassess Kenyan BMUs in terms of their adaptive capacity 
(5 Cinner et al. 2018, 6 Jones et al. 2010), their vision for 
the future, and any recent progress or trends. Further, it 
is critical to evaluate not only the system as a whole, but 
differences between counties and BMUs that might reveal 
geographies that are ready to uptake new ideas and could 
be the focus of efforts to expand Kenya’s LMMA network 
as part of a national MSP process. Where these “bright 
spots” are aggregated, there may be better practices in 
certain counties, and helping to highlight critical enabling 
factors for community-driven MSP. 

Methods 

We are conducted social surveys in 30 of the 87 Kenyan 
BMUs stratified across counties, with 3-8 BMUs surveyed 
per county. We are first conducting individual interviews 
with at least 10 members/BMU (300 interviews total), 
ensuring equal gender representation and proportional 
representation of different stakeholder groups in the 
BMU members. We are using open-ended and Likert 
scale questions. We are assessing the five areas of 
adaptive capacity: institutions/entitlements (participation, 
empowerment, flexibility), assets (social and financial), 
adaptive governance (flexible and forward-thinking 
decision making), innovation and willingness to embrace 
change, and knowledge/capacity (Jones et al. 2010). In 
addition, we are asking interviewees what characterizes 
a successful BMU to get a sense of their vision for the 
future. We are asking about perceptions relating to marine 
protected areas (both government and locally managed), 
and about perceived opportunities and threats to the 
BMU system. We are evaluate the history of outcomes of 
government and NGO projects within the BMUs. Finally, 
we are reviewing BMU stated objectives and evidence of 
progress towards those, as well as methods of assessing 
progress. We will use data to create an adaptive capacity 
index, and analyze adaptive capacity by county. For BMUs 
with clearly stated objectives, we will evaluate whether 
progress towards those objectives is correlated with 
higher adaptive capacity scores or with the presence of 
government or NGO projects. We will evaluate change 
over the last 5 years by comparing our results with the 
Kenyan BMU surveys conducted in 2013-2014 (2 Murage 
et al 2013; 3 IOC 2014). 

Results

Surveys are ongoing and will be completed in May 2019. 
We will use results to evaluate status and progress of 
the BMU system in Kenya, readiness and willingness to 
consider new marine management approaches, and 
perceived value of marine protected areas (whether 
government or community). We will evaluate overall 
trends, but also differences between BMUs to identify 
counties or individual BMUs that are more likely to uptake 
new MSP thinking. By looking at the history of interactions 
of BMUs with government or NGO projects, we will 
determine whether project-based work has led to lasting 
change and has built capacity for MSP and what types of 
projects or interactions tend to have lasting effects. Finally, 
we will assess recent change in BMU status, and identify 
factors that contributed to improved or degraded status 
and function of BMUs. 

Conclusions

Our results will demonstrate readiness of the Kenya BMU 
system to uptake and help run a nearshore MSP process 
that contributes to national MSP goals. This is urgent in 
light of Kenya’s recent commitments to MSP. Our results 
will highlight priority geographical areas communities 
could lead a process to move from from small areas 
of marine protection towards the 10% governmental 
commitments to marine space under marine protection 
through the Convention for Biodiversity and the 30% 
of protection recommended by scientists. Evaluating 
community readiness for MSP is critical at the onset 
of the process to inform an MSP process following 
United Nations good governance guidelines as equitable, 
inclusive, responsive, effective/efficient, follows rule of 
law, participatory, consensus-oriented, and accountable. 
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Background

The Agulhas Current transports warm, tropical Indian 
Ocean water southwards along the South African coast, 
modulating local rainfall and driving shelf-edge upwelling. 
The Agulhas System Climate Array (ASCA) is a series 
of moorings transecting the current off the south-east 
coast, designed to provide long term observations of its 
contribution to the thermohaline circulation, which in turn 
influences climate variability and climate change. A series 
of multidisciplinary cruises have been conducted along the 
ASCA transect to explore the variability in Agulhas Current 
dynamics and its influence on the biotic environment. 

Methods

Water column and zooplankton sampling was conducted 
along the ASCA transect during four cruises: April 2015 
(autumn) on the RV Algoa, July 2016 (winter) on the SA 
Agulhas II, January 2018 (summer) on the RV Dr Fridtjof 
Nansen, and July 2018 (summer) on the SA Agulhas II. 
Water column profiling was conducted with a CTD 
to a maximum depth of 1000m during 2015, and to 
just above the seafloor in subsequent cruises. Water 
samples from several depths were filtered to measure 
Chl a concentration. A shipboard ADCP was used to 
measure current direction and velocity. A Bongo net 
(200 µm mesh) was hauled vertically from a maximum 
depth of 200 m to collect mesozooplankton, with 
samples preserved in 4% formaldehyde for subsequent 
enumeration and identification by microscope. 

Results

Mean mesozooplankton biovolume from all four surveys 
was 0.43 ml m-3. Mean biovolume was lowest during 
winter 2018 (0.33 ml m-3) and greatest in summer 2018 
(0.65 ml m-3). The seasonal difference was significant for 
2018 (summer vs winter), but not when all four surveys 
were considered. Mean surface chlorophyll concentration 
was also greatest during summer (3.17 mg m-3), but 
varied considerably between the two winter cruises. The 

location of maximum zooplankton biovolume along each 
transect varied, being highest inshore in April 2015 and 
July 2018, but further offshore during the other surveys. 
In general, however, zooplankton biomass was fairly 
evenly distributed along the transect, and did not appear 
to decline significantly beyond the core of the Agulhas 
Current. Zooplankton composition during 2015 showed 
high concentrations of the dinoflagellate Noctiluca in 
the Agulhas Current and at the edge of an anticyclonic 
eddy, with the entire transect dominated by small (≤1 
mm) calanoid and cyclopoid copepods typical of warm 
water communities. The inshore shelf station showed high 
abundances of the small copepods and their nauplii, as well 
as coastal invertebrate larvae (e.g. barnacles, echinoderms, 
polychaetes) and larvaceans. 

Conclusions

Data from four surveys conducted during three different 
seasons between 2015 and 2018 off the south east coast 
of South Africa indicate relatively consistent levels of 
zooplankton biovolume, a proxy for biomass, across 
the Agulhas Current. Microscope analysis of the 2015 
samples indicates some patterns in species composition 
in relation to distance offshore, the location of the 
current core and phytoplankton biomass, and these will 
be explored further for the remaining surveys.
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Background

The city of Dar es Salaam is occupied by a population 
of more than 4.3 million people whom each day produce 
plastics such as plastic bottles, plastic bags, packaging 
materials, rubber and are carried by the wind or runoff 
to the beach and the Indian Ocean. With time these large 
plastic materials disintegrate through physical and chemical 
processes to form microplastics (<5 mm). Microplastics 
are a nuisance to the beach since they reduce its aesthetic 
value and also interfere with the biology of most organisms 
that partly or fully depend on the shore to complete their 
life cycles. This study assessed the characteristic (type and 
size) and occurrence (numbers) of microplastics along the 
shore of Dar es Salaam.
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Methodology 

Sediment samples were collected from eight (8) sites 
categorized as open beaches includes residential (Msasani 
Bay, Coco Beach and Gezaulole) and navigation beach 
(the harbour) and runoff beaches (Mbweni, Kunduchi 
creek, Msimbazi creek, Kizinga and Mzinga confluence). 
The sampling was conducted during low tide between 
mid-February to early March 2017.  Ten subsamples were 
collected using a 6 inch hose clamp that was pressed into 
the sand along a 50 meter transect near the wrack line. 
Interval between one sampling point to another was 5 
meter. Sediment samples contained in the hose clamp was 
scooped using a metal spoon and the collected sediment 
sample was then packed in a foil which was then covered 
with a paper bag. In order to remove large organic particles, 
and to determine the particle size of microplastics, 
sediment samples were sieved through a series of  1mm, 
500 µm, 250 µm 125 µm and 63 µm sieves and shaken on 
a sieve shaker for 2 minutes. The sediment samples were 
then placed on 600 ml beakers of concentrated sodium 
chloride (NaCl) solution (1.2 g/cm3) and the mixture was 
vigorously stirred for several minutes with a spatula to 
float out the microplastics, and were left to settle for 10 
minutes. Microplastics were then picked using a metal 
forceps and observed under a dissecting microscope 40X 
magnification. The top water with floating particles was 
also filtered through 25-micron mesh and the filtrate was 
also observed under a microscope.

Results

Study findings show a significant relationship between 
type (fragment, film, foam, fibre and pellet) of microplastics 
and sites (X2(28, N= 469) =102.04 p<0.05). In terms of 
different types of plastics, film constituted the highest 
proportion (23%), and was consistently the highest for  
all the sites. This was followed by fragment (22%), pellet 
(21%), and finally foam and fiber (17%). No significant 
variation in terms of particle size of microplastics were 
observed among open, runoff and navigation beaches 
(F (2, 6) =0.776 p=0.501). Furthermore, the density of 
microplastics (number/m2) between runoff beaches (M= 
5018.42, SD =4164.36) and open beaches (M=2142.86. 
SD = 1116.61) was not significant.  With an average of 
3221±2808 particles/m2 along the shore of Dar es Salaam, 
Msimbazi creek had the highest density of microplastics 
(9725 particles/m2), followed by Coco beach (3626), 
Kunduchi (3516), Kizinga and Mzinga confluence (2747), 
Msasani Bay (1978), the harbour (1813), Gezaulole 
(1703) and , Mbweni (659). 

Conclusion

The distribution of microplastic along the shore of Dar es 
Salaam was nearly uniform for all sites with the exception 
of Msimbazi creek which had the highest density and 
periurban sites of Gezaulole and Mbweni which showed 
least densities. The highest density at Msimbazi creek 
could be attributed to the large part of its catchment 
flowing through the city. Moderate densities at some 
locations Msasani and Mbweni Beaches could due to 

frequent beach cleaning activities conducted at the sites. 
Regular beach cleaning and proper waste management 
are therefore recommended in order to control the 
amount of plastic debris that eventually disintegrate to 
form microplastics.
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Elasmobranchs are apex predators that are currently 
being captured at high rates, and their low reproduction 
levels and slow growth rates make them vulnerable to 
overexploitation. The quantities fished are very likely 
to be exceeding their reproductive capacity. Although 
reproduction strategies and genetic structure are 
important factors for designing conservation and 
management initiatives, elasmobranch reproduction and 
genetics are still poorly understood. This study addressed 
differences in genetic diversity and population structure 
within two shark genera from South African waters and 
assessed how these affected their conservation and 
vulnerability to different stressors. Two genera were 
selected, each one with different reproductive strategy, 
distribution, life history, and conservation status. The 
first selected was the oceanic blacktip shark Carcharhinus 
limbatus which is viviparous, has a worldwide distribution, 
has been well studied throughout its range, except in 
South Africa, and is considered Near Threatened by the 
IUCN. Two species came from the catshark Holohalaelurus 
complex, which are oviparous, endemic to Southern 
Africa, poorly studied, and ranked Data Deficient to 
Vulnerable by the IUCN. The specific objectives were to 
establish phylogeography for C. limbatus, as well as the 
phylogenetics and population structure of blacktips and 
catsharks. Then the information obtained was used to 
assess vulnerability in relation to the reproductive strategy 
and life history of each shark species. Tissue samples for 
genetic analysis were obtained from commercial prawn 
trawlers, Aliwal Shoal field trips and research cruises.  A 
minimum of forty individuals were sampled per species. 
Extraction of DNA from tissue was carried out using 
commercial kits and standard protocols. Different scales 
of genetic diversity were assessed by screening two 
genetic markers from mitochondrial DNA (mtDNA), 
control region (CR) and cytochrome oxidase I (COI). It 
was found that blacktip sharks from the Atlantic Ocean 
have been well studied, life history parameters differ 

11th WIOMSA Scientific Symposium 214



among their global populations, and that local information 
needs to be obtained for the development of regional 
conservation plans. Secondly, the findings on genetic 
variability suggested: a) that although blacktip sharks 
have a worldwide distribution, South African Southern 
African Shark & Ray Symposium 2013 populations are 
isolated at evolutionary scale, while b) South African 
Holohalaelurus catsharks showed high species and 
genetic diversity at genus level, marked species-specific 
geographic distribution and due to high endemism, 
SA appears to be a hot spot.  One of the themes to 
emerge from this study was the vulnerability of shark 
populations in South Africa, regardless of the species’ 
contrasting reproductive mode, size, distribution and 
genetic variability. Blacktips, although globally distributed 
showed low genetic diversity and high isolation, and 
major variation in life history parameters among global 
populations. Holohalaelurus catsharks revealed high 
genetic and species diversity and high endemism within 
the SA geographic region. These findings suggest that 
South African shark populations have high vulnerability 
to local pressure and stressors and are a strong 
motivational factor for regional conservation strategies 
to be implemented. 

Keywords: Genetic diversity, blacktip shark, shysharks, 
reproduction, vulnerability
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Background 

Marine Protected Areas (MPAs) are a central tool of 
marine conservation (Ban and Frid 2018) that gained 
more prominence in recent years. Although the focus 
on MPAs are biodiversity conservation, the success 
of these spaces partially depends on stakeholders and 
community’s support and acceptance (Dehens and 
Fanning 2018). Marine protected areas exist in a specific 
place, each with its own particular socio-political and 
historical context. Despite being established by law, the 
human dimensions of the place that is being protected 
shape not only the design and implication of the MPA, 
but also its impact (Charles and Wilson 2008). People’s 
relationship with a place reflect the experiences and 
feelings towards that space (Hausmann et al. 2015). 
Sense of place – the values, feelings, meanings and beliefs 
that a person or a group of people associate with a 
particular space – develops through the interactions or 

perceptions that a person has about a place (Chapin and 
Knapp 2015). A cultural ecosystem service (Daniel et al. 
2012), sense of place has gained ground in elucidating 
people-place relationships by disclosing places that 
are special to people and where people feel attach to 
(Ramkissoon et al. 2013; Barendse et al. 2016), which 
can be instrumental landscape management. People’s 
sense of place can be crucial in gaining public support 
for conservation, as the increasing literature on sense 
of place and protected areas suggests (Mayer et al. 2010; 
Lin and Lockwood 2014). Sense of place, however, is 
not always positive and people’s attitudes towards long-
term planning, such as conservation, would reflect that. 
Moreover, people might have an overall positive sense 
of place but not be attached to it, in which case their 
commitment to the conservation of that particular place 
might be compromised. The question that emerges is 
then how to engage communities in pro-conservation 
behavior in those circumstances. This paper attempts to 
answer this question using the fishing communities in the 
Garden Route and their sense of place as a case study. 

Methods 

One hundred and twenty semi-structured interviews 
were conducted in 8 fishing communities in the 
Tsitsikamma area. Interview questions were based on 
place attachment questionnaires (Williams et al. 1992) 
and had 9 questions in total. Ethical clearance was 
granted by the Ethical Committee of the Environmental 
Science Department at Rhodes University, South Africa. 
Villages were selected based on proximity to the park and 
on the number of fishermen registered to fish on the open 
fishing areas. Community members selected randomly so 
both fishermen and members of the community that don’t 
fish were approached. Interviews were conducted by the 
authors together with an Afrikaans interpreter. 

Results 

The cultural (personal experiences in a particular location 
and past historical affiliations or events at a certain place) 
and dependent (lack of choice or easiest option for a 
person, convenience or geographical closeness) variables 
stand out for the meaning of the place, the biophysical 
and the ideological highlight what makes the place special. 
Three villages stand out as the interviewees said they 
belong to them: Covie, Storms River and Thornham. 
Sandriftt and Mandela Park have about 30% of the 
interviewees saying that they feel that they don’t belong 
where they currently reside. Attachment is the villages, 
therefore, is heterogeneous.

Discussion 

Although the establishment of protected areas is originally 
grounded in the conservation value, these spaces are 
increasingly expected to achieve other goals, both 
environment and social-related, such as local livelihoods 
and climate change (Davies et al.  2018).  The reality of it is, 
however, that protected areas can rarely achieve all these 
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expectations, in which case trade-offs became a feature 
of such spaces (McShane et al. 2011). These trade-offs 
take place in different ways: management goals, ecosystem 
services, values, stakeholders (Daw et al. 2015). In such 
cases one goal, one service or one group of people would 
be favoured to the detriment of others. Trade-offs can 
influence conservation efforts as the lack of consideration 
of who or what is being favoured through these initiatives 
may push away key stakeholders (Davies et al. 2018). 
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The Seychelles is an archipelagic nation in the Western 
Indian Ocean encompassing 1.37 million square 
kilometers and 115 islands. Marine biodiversity is one of 
Seychelles’ most important natural assets, supporting a 
luxury tourism industry and over eight different fisheries. 
Concerns about sustainability, impacts on biodiversity, 
and climate change impacts resulted in a government 
commitment to designate 30% of its waters in new or 
expanded marine protections by 2020 and to develop 
a marine plan to support the Blue Economy Roadmap 
for the entire Exclusive Economic Zone. The Seychelles 
Marine Spatial Plan (SMSP) process began in 2014 as a 
condition of a debt conversion. The government passed 
a new Act to create the Seychelles Conservation and 
Climate Adaptation Trust (SeyCCAT) in 2016 which 
provides long-term financing for ocean conservation and 
sustainable economic development activities. The SMSP is 
government-led and facilitated by The Nature Conservancy, 
and the public, participatory process involves more 
than 11 sectors including fishing, tourism, conservation, 
petroleum, recreation, maritime safety, ports, and renewable 
energy. Robust stakeholder engagement and consultation, a 
decision-making framework, a 3-category zoning framework, 
an adaptive GIS spatial database, and numerous decision-
support tools all assist with the development of the plan. 
The first milestone of the SMSP was completed in 2017 
and 210,000 square kilometers in new marine protections 
were gazetted in Feb 2018. This was half the 30% overall 
goal for marine protections and includes both zones for 
high biodiversity protection and medium biodiversity and 
sustainable uses. The second milestone will be completed 
in early 2019, and final milestone at the end of 2020. In 
this presentation we will share the methodologies used 

to develop frameworks and zoning proposals, as well as 
discuss lessons learned to date. This MSP process has 
contributed to the advancement or evolution of MSP for 
tropical and Small Island Developing States and is a new 
model for MSP involving climate change adaptation and 
innovative financing that supports long-term conservation, 
sustainable economies, and management of the oceans. 

Keywords: MSP; Blue Economy; biodiversity; zoning; 
Marxan; marine protection; financing
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Tridacna are species of charismatic bivalves, both for 
their size and beauty, and for their ecological role. Due 
to these reasons, global trade of these species has been 
increasing, leading to many populations being exploited. 
This study was carried out to characterize the state 
of the Tridacna maxima populations in two sites in the 
Pemba region (Cabo Delgado) and six sites in Vamizi 
(Quirimbas Archipelago), subject to different levels of 
anthropogenic pressure and spillover effect. We used 
the active search method done by snorkell in Vamizi 
and scuba diving in Pemba for a period of 1h with a 
cover of about 5m on each side. The data collection was 
done without use of transects and in places with coral 
reefs. The individuals were identified through measured 
and counted morphological observations. A total of 
224 individuals were sampled, of which 202 were of 
species Tridacna maxima and 22 of Tridacna squamosa. 
The statistical package SPSS v. 17.0, where ANOVA was 
performed to compare sizes of individuals between the 
zones, where there were differences among all mean 
sizes of individuals in different zones (p <0.001). The 
Bonferroni multiple comparisons test showed that not 
all zones presented significant differences. In relation to 
abundance, differences between means are significant 
according Kruskall-Wallis test. The area less impacted 
was one that had more individuals, both young (animals 
less than 10cm) as well as adults (animals more than 
10cm). This can be explained by higher levels of predation 
in non-impacted zone.  However, the non-impacted zone 
had more occurrence of individuals of larger sizes (above 
35cm), perhaps because it is a protection zone (without 
fishing) and also because there is a greater abundance 
of predatory individuals (Pork Fish and others). The 
impacted zone, although not showing a greater abundance 
of tridacna, presented values of sizes and density above 
what is mentioned in literature for Indian Ocean. 

Keywords: Tridacna maxima, structure, abundance, 
anthropogenic impact, Pemba and Vamizi.
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Vertical and horizontal distribution of meiofauna densities 
and community structure of two major river estuaries 
(Sabaki and Tana) in north coast of Kenya, a part of the 
Western Indian Ocean were investigated. The aim of 
the study was to develop an initial baseline inventory of 
meiobenthic assemblages in the two estuaries and to 
examine how salinity gradient, environmental characteristics 
and seasons influence their community structure, densities 
and diversity.  Replicate samples were collected from three 
sampling stations along the salinity gradient of each estuary. 
A total of 3,556 individuals belonging to 26 taxa were 
identified. Meiobenthic structural densities in upper surface 
(0-5cm) in estuarine sediments were generally higher (´x 
= 50±23 ind.10cm-2) and ranged from 10 to 90 ind.10cm-2. 
The highest densities were recorded during the wet 
southeast monsoon (SEM) (´x = 160±22 ind.10cm-2) than 
northeast monsoon (NEM) season (´x = 22±12 ind.10cm-2) 
for both estuaries. Results of non-Metric Multidimensional 
Scaling (nMDS) analyses revealed seasonal difference 
in meiobenthic composition whereas 1-way ANOSIM 
indicated meiobenthic densities were not significantly 
different between the estuaries (p = 0.712) but significantly 
differed between the seasons (p = 0.001). Nematoda was 
the most abundant taxon (´x = 117±68 ind.10cm-2) in all 
the sampling sites of both estuaries.  The taxa diversity 
per site was relatively low (Taxa Richness(S)x´ = 9; with a 
range of between 5 and 13 taxa; Shannon-Wiener diversity 
index H’´x = 0.54; ranging between 0.21 to 1.1). Four taxa 
out of a total of 26 were present in both estuaries. Habitat 
type, season and sediment grain size largely influenced the 
meiobenthic densities and community composition. 

Keywords: Meiobenthos, Vertical and horizontal 
distribution, Salinity gradient, Estuary, River Sabaki; River 
Tana; Kenya
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Rarely do we encounter a scientific fact that stirs widespread 
debate and distrust as does the science of climate change. 
Despite consensus among climate specialists, and a theory 
that is supported by an ostensible mountain of facts 
from physical, natural, and cultural sciences, the climate 
change debate continues to be perpetrated by politicians, 
industrialists, academics, and arm-chair scientists. Much 
of the intense scepticism about climate change science 
began in 2009, when thousands of emails and data files 
were stolen from the Climate Research Unit (CRU) 
at the University of East Anglia, UK, and later exposed 
under the guise of a purported conspiracy to alter facts. 
The allegations claimed that scientists had only publicized 
results in support of their theory— that climate change is 
real and driven by human activities. Other facts, that may 
negate this claim, were said to have been hidden (Adams 
2010). In a subsequent survey of politicians and directors 
from Swedish municipalities, 61% claimed uncertainty about 
whether climate change is real, while another nine per cent 
rejected climate change altogether (Carlsson Kanyama 
and Hörnsten Friberg 2012). Selective reporting is a real 
and serious issue in scientific communities as theories 
require consideration of all available facts.  Is the science of 
climate change immune from a phenomenon that has been 
documented in medical, physical, and biological sciences? 
Could the climate change consensus be based on a biased 
selection of facts? Surprisingly, nobody had addressed 
the central question of publication bias in climate change 
research (until we recently did, Harlos et al. 2017).  My lab 
used meta-analysis methods to search for such evidence 
of publication bias in a sample of marine climate change 
publications. We used advanced statistics on a large set 
of data (>1,100 studies) to identify potential biases in 
this field, and rejected the hypothesis that non-significant 
effects are under-represented in the literature:  The theory 
of climate change is built on a foundation of science giving 
credence to positive, neutral and negative experimental 
results.  However, our research found stylistic biases in how 
articles about climate change are written.  Large, significant 
results were prominently displayed in abstracts where they 
are most likely to be seen; small and non-significant effects 
were relegated to technical results sections where they are 
likely overlooked by the majority of readers, especially non-
scientists.  We also demonstrated a correlation between 
two landmark events in the climate change community that 
showed publication rates, and reported effect sizes, tending 
to wax and wane with the apparent popularity of the field. 
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This research relates to the marine environment, but not 
to the WIO region per se.  The results I present however, 
discuss climate change research and publication issues in 
general that should be of great interest to end-users of 
climate change science, including other climate change 
scientists, ecologists, and public audiences. 
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A clear baseline is critical in evaluating conservation and 
management success across time. This is particularly 
pertinent when it comes to habitat changes over 
time, and focus is usually given to those habitats that 
area easily mapped such as intertidal habitats. Subtidal 
habitats, especially those found in estuaries, have largely 
been overlooked owing to the difficulty and cost involved 
in the mapping process. This study tests the use of an 
open source remote operated vehicle (OpenROV®) in 
identifying, classifying and mapping subtidal habitats in the 
Knysna estuary, South Africa.  Mapping was conducted 
over fifteen days in June 2018. Eight habitat types were 
identified, which covered an area of 856 ha. The dominant 
subtidal vegetation found included Zostera capensis, 
Caulerpa filiformis and the non-indigenous Asparagopsis 
taxiformis. This study found that the use of an open 
source ROV to map the subtidal habitat of an estuary is 
not only possible, but also time and cost effective, and it 
is suggested that this approach be used to develop future 
subtidal estuarine habitat baselines. 

Keywords: Habitat conservation, GIS, Estuaries
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There is no doubt about the potential that the co-
management management approach holds towards 
sustainability and improvement of small-scale fisheries 
livelihoods. Co-management is often formulated as an 
arrangement of sharing responsibilities between statute 
institutions and community resource users.   This paper 
views a co-management approach as continuous decision 
making process towards sustainable management of 
fisheries resources, rather than a problem solving process. 
This presumption implies that establishment of co-
management areas should preferably focus on forging 
and sustaining relationships for fisheries decision-making 
processes between statutory institutions, the community 
and other interested parties. Co-management is further 
viewed as a deliberate management approach that 
safeguards the interest of the state, the resource users 
and other interested parties. Owing to the potential of 
co-management management approach in the small-scale 
fisheries, attempts to establish co-management areas along 
the Kenyan coast have been on the rise. Whereas some 
success has been reported in some areas, establishing of 
co-management areas has not gone without its challenges 
ranging from how they can best be formulated, effectively 
managed and sustained. While Beach Management Units 
(BMUs) unanimously agree on the need for a joint co-
management area, the concept of joint co-management has 
not been well understood. Of interest is the perception 
fishers have on co-management areas approach to small-
scale fisheries management, the use of BMUs as foundation 
and building block for joint co-management areas. A 
baseline survey was conducted to establish how best co-
management areas can be established in preparedness 
for the development of Joint Co-management Areas 
Establishment guidelines. The finding is that the underlying 
risks in use of BMUs as a foundation for establishing joint 
co-management areas is the need to develop a shared 
purpose among partnering BMUs, and building cohesiveness 
for collective decision making. The uniqueness of individual 
BMUs serves as a drawback to establishment of joint co-
management areas. 

Methods 

Semi-structured interviews were conducted between the 
Kenyan Coast between May and July 2017. The questionnaire 
was structured to capture familiarities with resources 
of importance by small-scale fishers, identification of 
shared resources amongst stakeholders, identification 
of spatial seasonal fishing patterns, co-management area 
potential success factors, barriers and risks. A total of 24 
Beach Management Units were interviewed, with 113 
respondents, and 13 key informants from organizations 
and statute institutions that directly work with fishers or 
have interests in small-scale fisheries along the Kenyan 
Coast. Simple quantitative and qualitative analysis were 
undertaken to interrogate and draw conclusions on the 
information collected. Results There was a unanimous 
agreement by both the fishers and statute institutions on 
the need for establishment of joint co-management areas. 
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The result showed that fisheries resources were shared 
beyond the individual BMU co-management area (area of 
fishing activities). 58% of the fishermen fish beyond their 
BMU designated fishing area, and thus the need for larger 
joint co-management area with other BMUs that they 
share resources. The following are key findings: 

• There is a widely acceptance of need for joint 
co-management areas by BMUs, based on the 
traditional fisheries patterns in the different 
seasons in the year. 

• There is a wide divide between theory and 
practice of BMUs, the perception on the ground 
differs from the actual practice on the ground. 
BMUs are viewed as small-scale artisanal fishers’ 
organizations and this is what is practiced. From a 
practical perspective, membership of BMUs does 
not correspond to what is articulated in the BMU 
regulations; 

• The individual BMU co-management areas of 
jurisdiction are not viable for sustainability of 
communities’ fisheries activities, sustainability of 
individual BMU fisheries activity rely on some sites 
and resources beyond the BMU co-management 
areas. 

• BMU are overtasked with the responsibilities, 
while they may handle tasks/issues at local level, 
challenges are faced at larger joint co-management 
level; 

• Creating a shared purpose for a joint co-
management area amongst BMUs remains a 
mirage considering BMUs have individual unique 
interests and expectations ofcmAs, meeting each 
BMUs interest is a key to success factor forcmAs. 
Harmonizing By-laws between BMUs in a joint co-
management areas remain a challenge; 

• Motivation of thecmAs establishment may not 
directly relate with thecmA development purpose, 
getting to understand the link is crucial for success. 

Conclusion 

Joint co-management areas approach to small-scale fisheries 
remains promising in achieving sustainable management and 
use of fisheries resources, however the co-management 
and joint co-management areas concept are yet to be 
better understood by fishers and interested stakeholders. 
For joint co-management areas to be self-organizing to 
promote compliance and sustainability, individual BMU 
unique interests, shared fisheries resources and indigenous 
and cultural fisheries patterns have to put into consideration 
when establishing a joint co-management area. 

POSTER
Adopting Sentinel-2 for Baseline Mapping of 
Seagrass Meadows in Watamu-Malindi Marine 
Reserve Kenya (Ongoing Study) 

JOHN NGATIA NDARATHI1*, VAL BYFIELD2, 
STEPHEN MTALII1,3

1Marine Information Centre, Local Ocean Conservation, 
Watamu, Kenya
2Marine Physics and Ocean Climate, National 
Oceanography Centre, Southampton, UK 
3Department of Environment and Health, Marine and 
Fisheries Programme, Technical University of Mombasa, 
Kenya

Email: nngatia@gmail.com

Background 

Scarcity and absence of data on spatial distribution of 
seagrass meadows is a major hindrance to management 
efforts of these valuable habitats, especially in large 
and remote areas. Spatial mapping of distribution of 
seagrass meadows can be important tool for baseline 
surveys, consolidation of data in integrated databases, 
monitoring management effectiveness and fulfilling 
legislation objectives. Most seagrass assessment and 
monitoring efforts have been conventionally conducted 
by combining a range of ground-based sampling (in situ) 
methods e.g. scuba/snorkeling surveys. Although in situ 
surveys are effective for fine/micro-scale area (covering 
<1 ha) studies they are often too costly, time consuming 
and hence inconvenient for mapping large coastal areas. 
Optical satellite remote sensing (RS) comprises one of 
the most convenient way to supplement the conventional 
in situ methods in surveying seagrass ecosystems because 
of their rapidity, large area coverage, repeatability of 
observations and time- and cost-effectiveness. The 
Multi-Spectral Imager (MSI) instrument on Sentinel-2 
has been demonstrated to be suitable in conducting 
baseline assessments and subsequent monitoring of 
the spatial extent of seagrass in sub-tropical seascapes 
with high accuracy in shallow waters due to the spatial 
resolution, band availability and radiometric accuracy. 
This ongoing study aims to use Sentinel-2 imagery 
to conduct a baseline survey estimating the spatial 
distribution of seagrass meadows and concurrently 
create a map indicating other habitats within the shallow 
coastal seascape of the marine reserve section of 
Watamu-Malindi Marine Protected Area (WMPA), the 
oldest marine protected area in Kenya. Although there 
have been numerous studies within the park section, 
habitats within the marine reserve section have not been 
comprehensively mapped and studied. 
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Methodology

The marine reserve section of WMPA is located along 
the longest fringing reef on the east coast of Africa and 
is dominated by coral reef and seagrass habitats, except 
Mida creek section, which has extensive mangrove forests. 
The presence/absence and area distribution criteria 
will be used to assess and estimate area of seagrasses 
meadows and will be conducted by combining remotely 
sensed data at 10m resolution from Sentinel-2 and in 
situ diver observations. Sentinel-2 is a European Space 
Agency’s mission dedicated to monitoring land and coastal 
areas. We are processing and analyzing a Sentinel-2 data 
obtained on 2nd January 2019 at 0726hrs. A detailed pre-
processing methodology involving land masking, water 
column correction, radiometric calibration, supervised 
classification and accuracy estimation will be applied using 
Semi-automatic classifier plugin, QGIS 2.18.23. Parallel 
in situ boat-based surveys are conducted between 25th 
January to 6th February 2019, through stratified random 
sampling to ensure adequate representation of all physical 
habitats in their different depth range. Snorkelling and 
diving (in larger depths) will be used as the optimum 
sampling method, involving the following procedure:

 i. Photography 
At least two photographs; one directly above the quadrat 
and at an angle of 45-60° and a video footage of about 30 
seconds will be taken at about 50 – 75cm above the plot 
depending on the water depth. 

ii. Abundance and Species composition 
Seagrass abundance will be estimated using percentage 
cover within a quadrat. A quadrat is randomly tossed 
within a radius of 5m around a stationary point. Overall 
percentage cover of seagrass within the quadrat will be 
estimated. Seagrass species present within the quadrat will 
be identified and percentage contribution of each to the 
species to the total cover estimated. 

iii. Shoot density 
All shoots in two alternate division of the quadrat (half of the 
quadrat) or some percentage of the quadrat depending on 
the density will be counted to determine the shoot density. 
Depth of the plot will be measured using a measuring stick 
and sediment type recorded. Other dominant substrate 
types within the transect maybe noted. 

Results 

Expected classification classes include beach sand, 
seagrass, coral reef and sand in water. We will produce a 
map showing seagrass coverage area inkm2. 

Conclusion 

We expect Sentinel-2A to bridge the data gap on 
distribution of seagrass meadows and facilitate well-
informed management decisions in future. However, due 
to the habitat complexity and rugosity it may not be 
possible to achieve firm habitat classification based on 
satellite data with 10m resolution, and higher resolution 
commercial imagery may be needed. 
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Background 

Co-management approach has been adopted for shared 
management of coastal small scale fisheries (CSSF) in 
Kenya through beach management units (BMUs). This is 
partly due to documented success towards increasing 
benefits for fishery-dependent communities, improved 
management, offering opportunities to overcome 
conflicts over CSSF resource exploitation, sustaining 
marine biophysical resources and improving individual 
fishers’ livelihoods. However, there has been observed 
mixed success results across coastal BMUs on various co-
management roles mandated in the regulations. Fishers’ 
perceptions and aspirations have been linked to and 
may be considered among important factors challenging 
successful implementation of co-management as they 
affect how fishers’ participation in comanagement can 
be effective. However such perceptions and aspirations 
have not been explicitly elucidated in CSSF of Kenya. 
This study sought to examine fishers’ perceptions on 
ten selected co-management roles and their aspirations 
about CSSF to help identify fishers’ dimensions for 
potential co-governance improvements in the fishery. 
We hypothesize that fishers’ perceptions and aspirations 
in CSSF of Kenya influence co-management success 
outcomes and hence co-governance success. 

Methods 

An exploration of the fishers’ perception concerning 
co-management roles and their aspirations in coastal 
small scale fisheries of Kenya was carried out at 11 
BMU sites of AmuShela, Bamburi, Kipini-Ozi, Marina-
Mtwapa, Matondoni, Mungini, Ndambwe, Nyali, Pate, Reef 
and Shanga. The survey utilized mixed qualitative and 
quantitative approaches by applying 5-point Likert scale 
questionnaire to 11 focus group discussions (FGD) and 
35 key informant interviews (KII) across eight fishery 
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types (Tuna, Lobsters, Prawns, Crabs, Mixed demersal, 
Mixed pelagic, Octopus and Aquarium) on various days 
between 27th November 2014 and 23rd June 2016. 
During the FGD, fishers aspirations in terms of fisheries 
development issues were examined using pair-wise 
ranking method. Descriptive data analysis of the Likert-
scale scores was done after reliability analysis of the 
summated subscale (at fishery type-level and village-level) 
and total (at overall level) scores using Cronbach’s alpha 
(α) reliability test for internal consistency in the Likert 
scale (at least α = 0.7 (70%)). Pairwise ranking scores 
on fisheries development aspirations were analysed 
descriptively by counting up the number of times each 
aspiration item was chosen as the preferred option 
across BMU sites so as to attain an overall ranking of all 
the items considered. 

Results

Results showed presence of both similarities and 
differences in the overall, spatial and across fishery 
types perceptions on co-management roles and fishers’ 
aspirations about CSSF. None of the BMU roles was 
ranked as very high at the aggregate level but there 
was high fishers’ perception on existence of clear 
management measures in the fishery at the overall 
scale (mean score of 3.74±1.07), across sites (mean 
score of 3.73±0.65) and across fishery types (mean 
score of 3.63±0.52) as well as the level of knowledge 
about legislation and regulations by the BMU Assembly 
at mean scores of 3.69±0.93, 3.45±0.93 and 3.50±0.76 
across overall, sites and fishery types respectively. There 
were moderate perceptions for five of the BMU roles 
(i.e. level of illegalities in the fisheries, collaboration with 
partners/other stakeholders, service provision at landing 
sites, effectiveness in implementing regulations and 
overall management of the fishery) with mean scores 
between 2.60±1.19 and 2.97±1.22. Comanagement 
performed dismally (low to very low) for involvement in 
marketing of the fish (mean score of 1.57±1.01), having 
infrastructure for marketing (mean score of 1.77±1.09) 
and participation in controlling illegalities in the fisheries 
(mean score of 2.00±0.77). Twenty seven fisheries 
development issues that fishers aspire to be addressed 
were identified, with lack of modern fishing crafts and 
gears (score of 70), poor infrastructure (score of 46) 
and habitat degradation/destruction (score of 41) being 
prioritized in that order. There was evidence of some 
aspirations corroborating the level of perceptions on co-
management roles. These included illegal and destructive 
fishing (score of 25), lack of cold storage facilities (score 
of 25), resource governance weakness (score of 15) and 
lack of fish markets (score of 5). 

Conclusions 

There was overall high perception among fishers that 
co-management of CSSF in Kenya is strong in terms of 
presence of clear management measures for the fishery 
and legislations and regulations being known to the 
BMU assembly. Fishers’ perceptions were moderate 
in collaboration with other partners, effectiveness in 

implementing regulations, service provision at landing 
sites, awareness of level of illegalities in the fisheries 
and overall management of the fishery but weak in 
having marketing infrastructure, participation in 
controlling illegalities in the fisheries and involvement 
in marketing of fish. The fishers’ aspirations about 
CSSF corroborated their perceptions concerning co-
management performance across the ten roles. The 
moderately ranked perceptions and identified unmet 
aspirations reveals gaps that offer opportunities for 
improved co-management. An understanding of the 
perceptions and aspirations of fishers was found to 
be pivotal for the success of co-management and 
identification of areas for co-governance improvements 
in Kenya’s coastal fisheries. It is recommended that 
the low to moderate scoring perception issues be 
tackled for future co-management improvements to 
enhance fisher’s cooperation and participation and 
success of the co-management frameworks in coastal 
fisheries. It is further recommended that the factors 
identified as performing low to moderate and the 
prioritized aspirations be considered in promoting 
of public-private partnerships (PPP) between BMUs, 
national government, coastal county governments and 
private players towards improved co-management 
partnerships and sustainable development of coastal 
small scale fisheries. 
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Mangrove forests are among the most productive 
ecosystem of the biosphere, covering approximately 
150,000km² of the globe. This ecosystem is well known 
for the important services it provides in several domains; 
ecology, social, economic and climate. Despite their 
egregious values, mangrove forests are more than ever 
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threatened through many aspects of global change and 
so do the biological richness and the human population 
depending on them. During this last decade; sea-level rise, 
temperature change, precipitation change, tropical cyclone 
intensification was recorded around the world. This 
worldwide climate change is affecting the mangrove forests 
mostly in negative way. Madagascar is recognize for its 
highly threatened biodiversity but it also processes to third 
biggest mangrove ecosystem (9%) of Africa after Nigeria 
and Mozambique. These mangrove forests are extending 
on 2,800km²; which 98% located on the west cost of the 
island. Ambaro bay (39K–E 266966–S 8554668) is located 
is this part of Madagascar belonging to the DIANA region 
near Ambilobe town. During 2014, the WWF carried out 
a survey to estimate the socio-economic vulnerability of 
the mangrove forest of Ambaro bay based on the AR4 
directives of the GIEC. Following this project, another 
study has been made in 2018, using the new protocol of the 
GIEC (AR5) and combined with a biodiversity assessment. 
The present study target to estimate the vulnerability and 
associated risk to the climate change on the mangrove 
forest and its biodiversity; evaluate the vulnerability 
of the human communities and the associated risk on 
their livelihood; propose an adaptive strategy to face the 
climate change and finally set up a monitoring protocol 
of the mangrove forest and its biodiversity. This research 
study has shown that Ambaro bay’s mangrove forest can 
be classified in four categories: Very dense, Dense, Clear 
and Very clear. Three risks have been identified; the first 
is the mangrove forest mortality due to the temperature 
rise, periodic flood, intense cyclone and selective cut. 
The other one is the specific richness losses due to the 
increase of the water’s salinity from which can result a 
mono-specification of the mangrove forest. And the last is 
the regression of the mangrove forest caused by the sea-
level rise. Multiple animal’s species have been recorded 
inside the mangrove forest; which are 9 Mammals, 12 
Reptiles, 3 Amphibians and 75 Birds. The risks affecting the 
mangrove forest have negative impacts on these animals 
because of the high dependence on the forest. Through its 
impact on the mangrove forest, the climate change, affect 
as well the human communities whom are suffering of 
deterioration of their livelihood. Most of the population 
are famers and fishers, so the sea-level rise, periodic flood 
and the mangrove regression are worsen situation. 

Keys words: Mangrove forest, Climate change, 
Vulnerability, Risk, Ambaro bay, Madagascar
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Symphony is a tool to quantitively assess environmental 
impacts of different human activities on marine 
ecosystem components. It has been used successfully 
in the Swedish national Marine Spatial Planning (MSP) 
to evaluate the planning scenarios. Many countries in 
the Indian Ocean are interested in developing marine 
spatial plans due to competition for marine space. MSP 
countries will likely share the same need for decision 
support tools for management and planning options. 
As part of the Government of Sweden’s outreach and 
commitment to build mutual knowledge under the 
Sustainable Development Goals, the Swedish Agency 
for Marine and Water Management (SwAM) is looking 
for collaboration with the MSP processes in interested 
Indian Ocean countries. This will be done by applying 
Symphony to help partner countries calculate threats 
and highlighting data gaps. As a first step, SwAM plans 
to trial Symphony in Réunion. By learning how robust 
Symphony is in foreign contexts, SwAM wants to foster 
collaborations in the Indian Ocean and refine the model. 
MSP is sweeping the global ocean community, as more 
and more countries are preparing their own national 
plans. In Europe, this is much driven by the EU MSP 
Directive, obliging Member States to have an MSP in place 
by 2021. The same Directive also obligates these marine 
spatial plans to be drafted using an ecosystem approach. 
But tools and approaches to do this are few. SwAM is 
responsible to draft the Swedish Marine Spatial Plan and 
is greatly assisted by the Geological Survey of Sweden 
as data provider and manager. In order to better assess 
the cumulative environmental impact of the various 
human pressures, Symphony was developed by SwAM 
in 2017. The tool is based on analytical method by 2/2 
Halpern in 2008 and subsequent works. By calculating 
the cumulative impact of human activities on the marine 
environment, planners are informed of the baseline 
environmental conditions. The effect of various planning 
options on the cumulative impact in different areas is 
subsequently assessed, thus facilitating sustainable 
development in the MSP process. The Swedish Symphony 
consists of maps of 32 ecosystem components and 41 
pressures from human activities, but will be adapted 
to suit local conditions. These are connected by a 
sensitivity matrix that describes how each ecosystem 
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component is impacted by the pressures. Unlike other 
known cumulative impact applications, Symphony 
enables scenario-based evaluations of the various spatial 
planning options. Although Symphony has been used in 
the Swedish MSP process since 2017, the tool and data 
are continuously refined. Given the large scope and the 
limited knowledge about marine habitat distributions, the 
accumulated uncertainties are important to be aware of. 
The outcome includes maps illustrating the cumulative 
impact and complementary data, such as specification 
of the impact from each pressure in any given area. 
Baseline results indicate that coastal areas and some 
specific offshore locations are subject to particularly 
high environmental impact, most other areas are much 
less affected. Maps covering marine green infrastructure 
have been developed based on the Symphony datasets. 
Scenario-based analyses of MSP drafts will indicate 
areas where cumulative impacts are increased as well 
as reduced. The results are compared to the guiding 
management targets during the Strategic Environmental 
Assessment (SEA) carried out on the marine spatial plan. 
The results are fed back to the planning process, thus 
informing stakeholders as well as decisionmakers of the 
environmental pros and cons of the different planning 
alternatives. In this way and if given robust data and 
assumptions, Symphony can provide valuable analyses 
for management and MSP decisions. This process will be 
trialled on available data for Réunion during spring 2019 
through the Ocean Metiss project.
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Background 

There are an increasing number of researchers 
considering human activities as the main cause of recent 
climate changes, which have severe consequences to 
the global environment in general and coastal zones in 
particular. The consequences include sea level rise which 
potential to dramatically alter the coastal landscape, 
impacting negatively the mangrove ecosystems in 

tropical coastal zones. Based on a considerable number 
of reports indicating changes (mostly decrease) in 
mangrove coverage in different sites of the country, and 
provided the availability of satellite-derived sea level data 
in recent times, we set out to investigate the mangrove 
responses to the changing sea level at the margins of the 
Bons Sinais Estuary, central Mozambique. In particular, the 
present study seeks to describe the changes observed 
in sea level and mangrove coverage between 2002 and 
2016, as well as identify responses using the NDVI index. 

Methods 

Our approach consisted in evaluating satellite-derived 
sea level trends over 2002-2016 using a specific software 
made available through the C-RISe project (www.satoc.
eu/projects/c-rise), visual image inspection, and NDVI 
index determination from LANDSAT images. The sea 
level data comprises altimetry data for a location closer 
to the Quelimane port, where tide gauge data was made 
available for validation of the satellite products. Three 
satellite images for the years 2002, 2009, and 2016 were 
analysed using the UNESCO Bilko software in which the 
NDVI index was calculated at 50 control stations from 
the reflectances at the near infrared and red bands. 

Results 

The sea level at the nearest site along the Jason-1 and 
Jason-2 satellite passes indicated an increasing trend over 
the years 2002 through 2016, with the mean sea level 
having increased from about -4.7 to 2.9 centimetres. The 
annual sea level cycle has amplitude 42cm and phase lag 
315 days, and seasonal cycle with amplitude 12cm and 
phase lag of 56 days. Satellite imagery has indicated that 
in most of the control stations the mangrove coverage 
was relatively high in 2002 and 2009, as indicated by the 
small NDVI index, but in 2016 the coverage lowered a 
great deal. The response pattern observed in the study 
area comprises elevation of the mean sea level, whose 
impacts includes mangrove migration, soil erosion, and 
change in the NDVI, amongst others. 

Conclusions

We conclude that sea level rise and mangrove coverage 
are negatively correlated, which implies that the sea level 
rise is the cause for mangrove retreatment in the area. 
These results urge the local authorities and communities 
to foster the implementation of adaptation measures to 
ensure endurance of the surrounding environment and 
sustainability of the way of life along the estuary. 
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Abstract Bio ecology of coastal marine species depends 
on coral reef. Indian Ocean Island States’ small-scale 
fishery, like the southwestern Madagascar, focuses on 
reef resources exploitation including octopus and sea 
cucumber. With traditional fishing technique (gleaning) 
on a reef flat, reef habitats are victims of trampling 
and coral inversion. The ecosystem is continuously 
degrading and very tangible effects are the accumulation 
of dead coral debris or coral rubble. To repair degraded 
habitats, we valorised coral rubble to build artificial 
reef modules which imitate natural habitats. Modules 
were handcrafted by trained fishermen. After six years 
of experimentation, a prototype called “half-sphere” 
was finally produced. This prototype of artificial reef is 
one of the models of Fishes Banking ecotechnology®. 
In December 2017, 300 prototypes were immersed in 
degraded and non-productive sites, with 0.5m of interval, 
at Nosy Tafara reef flat in southwestern Madagascar. 
After five months of immersion, “halfspheres” attract 
gleaners and the sites become productive again. Restored 
habitats are inhabited by various invertebrates, including 
high commercial species value such as sea cucumber 
and octopus. On april 2018, a gleaning experimental 
fishing was conducted. 60% of the immersed prototypes 
were colonised by Holothuria leucospilota and Stichopus 
horrens, and 15% by Octopus sp. Relatively low value on 
octopus may be due to presence of predator species 
such as morays and spatial competing sea urchin. These 
structures are very resistant to gleaning, compared to 
coral habitat, which gives a certain advantage to the 
traditional fisher communities. 

Keywords: reef flat, coral rubble, artificial reef, 
ecological restoration, sea cucumber, octopus, Fishes 
Banking ecotechnology®
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Fishery resources are of immense global value, providing 
ecosystem services for billions of people worldwide. 
Climate change is projected to vastly affect the marine 
biogeochemical and oceanographic processes ultimately 
altering the ecosystem dynamics. This will have a direct 
effect on fishery and associated biodiversity ultimately 
effecting livelihoods. Coastal communities within the 
Western Indian ocean region depend on fishery for their 
livelihoods.  A case study focused to understand the 
productivity drivers within Kenyan territorial waters was 
conducted. The contribution of the Lamu archipelago 
mangrove system was evident from the high observed 
POC input around the area.  The system around the Lamu 
archipelago did not however, post high chlorophyll-a 
levels despite the high POC influx. This may be due to the 
low limiting phosphate levels in the surrounding waters 
as observed the region further north which posted high 
chlorophyll-a levels and corresponding higher phosphates 
levels. The productivity of the Kenyan territorial waters 
was observed to be driven by the influx of nutrients 
and terreginous material from the river systems mainly 
Tana river and the mangrove ecosystems. The regions 
associated with high productivity deduced through the 
proxy chlorophyll-a were also associated with high fish 
densities. The fish density signal was highest at the North 
Kenya bank and the south around Vanga-Shimoni area. 

Keywords: Kenya; Pelagic fish densities; productivity; 
Nutrients; Silicon; EACC.
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Background

Rhizoctonia solani is plant pathogenic fungi with a wide 
host range and worldwide distribution. Rhizoctonia spp 
is responsible for damping-off, black spot and root rot 
diseases in tomatoes and other important vegetables and 
crops. Convectional practices to overcome these soil 
pathogens with chemical fungicides and fumigants have 
adversely contributed to environmental degradation and 
some of these chemical agents have recently been banned 
from use. There is need therefore to seek alternatives to 
chemical control by investigating the use of antagonistic 
microbes to reduce losses caused by fungal pathogens. 
Moorea producens (formally, Lyngya majuscula) is a 
filamentous marine cyanobacterium that has been known 
to be a source of a wide array of natural products. Some 
of these products exhibit anti-microbial, antiHIV, anti-
proliferative, ant-cancer and photo-protective activity. It 
has also been reported to be associated with epibiotic 
bacteria on its surfaces that are reported to be a major 
source of phenazine compounds that have antimicrobial, 
antitumor and anti-malarial activity. However, the 
antifungal activity of the epibiotic bacteria associated 
with the Kenyan Coastal marine Moorea producens is not 
documented. This study therefore aimed at assessing the 
antifungal activity of epibiotic bacteria isolated from the 
surface of the Kenyan Coastal marine cyanobacterium. 

Methods

Samples of M. producens were collected from Kilifi, Mida, 
Shimoni and Wasini which lie along the Kenyan Coast. 
Isolation of the epibionts was done on marine agar. About 
88 isolates were then sub-cultured on nutrient agar for 
24 hours at RT and classified using culture morphology, 
biochemical methods and subsequently 16S rRNA PCR. 
The 88 isolates were screened for bioactivity against R. 
solani isolate C54 on PDA and 11 candidates were selected 
for antagonistic bioassay. A plug of R. solani mycelia cultured 
for 3-5 days on PDA was placed at the center of a 9-cm 
diameter petri dish loaded with PDA. Bacterial isolate 
from a 24 hour old colony was introduced with sterile pin 
3cm from the fungal plug on individual plates. Plates were 
sealed with parafilm and incubated for 5 days at 28±2°C 
and examined for any evidence of growth inhibition. The 
inhibition zones were measured in mm after the fungal 
colony in the control plates overgrew the edges of 9cm 
petri-plates. 

Results

Most bacteria isolates obtained from the Kenyan M. 
producens were of Bacillus and ßProteobacteria spp. Ten (10) 
of the eleven tested isolates had bioactivity against R. solani. 
Isolates SHM175-1 had the highest growth inhibition activity 
at 13.5mm against R. solani while SHM172-4 had the lowest 
at 2mm. There was no correlation between the color of the 
bacteria and its bioactivity (Chi-square value=28.11, df=24, 
p=0.26). The isolates with the highest bioactivity were all 
classified as Bacillus spp. 

Conclusions
Bioactivity exhibited by these epibiotic bacteria isolates 
suggests the presence of anti-fungal metabolites secreted. 
It is speculated that these epibiotic bacteria can find 
application as seed dressers to offer critical protection 
to the delicate seedlings before they get established in 
the field. This is the first report on the antifungal activity 
of epibiotic bacteria associated with the Kenyan Coastal 
marine cyanobacteria, Moorea producens. 

Keywords: Moorea producens, Cyanobacteria, 
Antifungal activity, Rhizoctonia
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Background 

Polycyclic aromatic hydrocarbons (PAHs) are organic 
compounds with two or more fused benzene rings 
forming a widespread class of hydrocarbons. To date, 
several species of PAHs have been identified and some 
grouped as pollutants detected in both marine and 
terrestrial environments. Following their adverse health 
effect to humans and ecosystems, USA Environmental 
Protection Agency (USEPA) and the European Union 
(EU) included 16 PAHs in their list of priority pollutants 
(Bouloubassi et al., 2001). On the other hand, pollution 
caused by PAHs in terrestrial and marine environments 
is increasingly coming to an alarming level in different 
parts of the world especially in major coastal cities (Zhu 
et al., 2004) and have received much attention due to 
their adverse effects on human health and ecosystems. 
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Studies have indicated that coastal sediments and 
benthic communities (e.g bivalves) in some areas of Dar 
es Salaam are contaminated by PAHs (Machiwa, 1992, 
Gaspare et al., 2009) that enter marine environment from 
various sources in different ways. However, information 
on the PAHs levels in fish and water along Dar es Salaam 
coast was still limited. Hence, specifically objectives of 
the study were to determine levels of PAHs in water, 
sediments and fish in selected sites of Dar es Salaam 
near-shore areas; and quantify organic matter content in 
sediments and correlate with PAHs levels in sediments. 
What are the current levels of PAHs concentration in 
sediment, fish and water along Dar es Salaam nearshore 
area as well as what is the quantity of organic matter 
content in sediment at each site and how does it relate 
to PAHs levels in sediments were the governing research 
questions in answering the study objectives. 

Methods

Replicates of water, sediment and fish samples were 
collected in four different sites namely Mjimwema, Mtoni 
estuary, Habour area and Kunduchi. Collected samples were 
put in clean and dry glass bottles previously washed with 
tap water followed by distilled water and then rinsed with 
acetone to remove any traces of PAHs. Bottles containing 
samples were immediately covered with screw caps, put 
under ice and transported in a cool box to the laboratory 
for extraction. Sediment samples were obtained from 
0-5cm surface layer at each station using a grab sampler 
and clean stainless steel spoon then put in glass jars lined 
with Teflon liners and screw caps. A total of 80 fishes of 
three different species i.e. mullet fish (Mugil cephalus), 
groupers (Epinephelus spp) and emperors (Lethrinus spp) 
were also sampled for extraction. After extraction of the 
samples in the laboratory, Gas Chromatography-Mass 
Spectrophotometer (GCMS) was used in the analysis of 
PAHs using standard calibration curve. 

Results 

The study analyzed 10 polycyclic aromatic hydrocarbons 
(PAHs) namely Naphthalene, Benz[a]anthracene, 
Acenaphthylene, Benzo[K]fluoranthene, Fluorine, 
Phenanthrene, Benz[b]fluoranthene, Benzo[j]fluoranthene, 
Indeno[1,2,3-cd]pyrene and Dibenz[a,h]anthracene and 
results of analysis indicated higher concentrations levels 
in sediments when compared to levels in fish and water. 
The Harbour and Mtoni estuary showed relatively 
higher concentrations than other sites. Kunduchi 
showed the lowest concentration of all the sites. 
Highest concentrations in sediments were observed 
at the harbour at 1849.8±67.25 ng/g of dry weight and 
lowest at Kunduchi reaching 139.14±58.59 ng/g of dry 
weight. PAHs concentrations ranged from1.06±0.09 
ng/ml to 21.93±3.15 ng/ml in water samples and 
36.89±12.21 ng/g of dry weight to 295.94±33.1 ng/g 
of dry weight in fish samples at Kunduchi and Harbour 
area respectively. Generally; in all samples, higher 
concentrations were observed at the Harbour area 

followed by Mtoni estuary while lower concentrations 
were observe at Kunduchi followed by Mjimwema. 
Results of analysis of the amount of organic matter 
contents at the Harbour area and Mtoni estuary 
showed significant correlation with the levels of 
PAHs in sediments at significance level of (p = 0.04, 
2-tailed). Organic matter contents from Mjimwema 
and Kunduchi did not show significant relationship 
with PAHs in sediments at significance level of (p = 
0.72, 2-tailed). Therefore, results indicated that areas 
with significant correlation between PAHs in sediment 
and organic matter content have higher PAHs 
concentrations as opposed to areas with no significant 
correlation. 

Conclusion

PAHs concentration levels along Dar es Salaam near 
shore area are very high in sediments especially around 
the Harbour and Mtoni estuary, moderate in fish tissues 
and very low in water columns. However, levels of PAHs in 
fish from Mtoni estuary and the Harbour area are worth 
considering. The consumption of large quantity of fish 
from these sites may pose a significant health risks to the 
respective population. Besides that, consumption of small 
quantities may also result into the same problems over 
extended period of time due their bioaccumulation and 
biomagnification properties. It is therefore recommended 
that fishermen who fish around these areas should be re 
allocated to fishing grounds far from Harbour area and 
Mtoni estuary. Simpson et al., (1996) reported a high 
correlation of PAHs and Organic Carbon only from most 
polluted sites in Kitimat Fjord (Canada). With reference 
to the significant correlation obtained between PAHs 
and organic matter in sediments at Mtoni estuary and 
Harbour area, it is fair to report these sites as the most 
polluted spots along the Dar es Salaam near shore areas. 
Given the fact of time laps and the detection of PAHs 
in water columns, it is suggestive to say that, it is either 
pollutions in these sites are ongoing processes or the 
areas are chronically polluted since PAHs levels in water 
indicate recent and/or chronic pollutions (Mastran et al., 
1994). Finally, I dearly recommend that effort to reduce 
and control amount of pollutants entering marine 
environments through Msimbazi River, Mzinga, Kizinga and 
all major rivers draining water into the Ocean should be 
emphasized. Based on these results, further studies should 
be conducted to establish the clear sources of PAHs into 
the sites and the overall range of dispersion offshore. 
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Understudied compared to coral reefs, seagrass meadows 
offer a large range of ecosystem services, as blue carbon 
fixation or reduction of wave energy. These habitats have 
rich and dense communities of benthic macrofauna. At 
La Réunion, such macrofauna living in the Syringodium 
isoetifolium meadows have been poorly investigated yet. This 
study aims to analyze the structure of benthic macrofauna 
communities throughout the coral reef of Hermitage-La 
Saline and to understand the environmental factors shaping 
their spatial distribution. It was performed at the summer 
season of 2018 (January to April). Seagrass and surrounding 
sediments were sampled by coring at six stations with 
different levels (grazing, pass, swell or epiphytic load effects). 
Macrofauna was identified and counted. Seagrass biometrics 
(lengths of vertical rhizomes, shoot, sheath and leaves) were 
assessed and biomass of plants and epibionts quantified. 
Moreover, total organic matter load and mean grain size 
of sediments were quantified. In this study 110 taxa were 
identified. The structure of benthic macrofauna communities 
across the reef complex was highly variable. The significantly 
informative variables were: vertical rhizomes length, 
seagrass aboveground and epibiont biomasses. Results 
show intense and constant hydrodynamics that seems to 
decrease abundance and diversity of benthic macrofauna, 
which are then largely dominated by suspension feeders, 
especially by Actiniaria sand anemones (406±79 ind/m²). 
Moreover, herbivory pressure by turtles has a negative 
effect on seagrass aboveground biomass and also seems 
to shift benthic community diversity towards suspension 
feeding mode, represented by dominant species such 
as Phyllochaetopterus herdmani (1761±60 ind/m²). Finally, 
nutrient enrichment in two stations may cause an increase 
in macroalgae epiphytic load and favors benthic herbivore 
species feeding on epiphytes, as Cerithium rostratum 
(867±218 ind/m²). In conclusion, this study shows that 
community structure of benthic macrofauna in seagrass 
meadows of La Réunion is led, at micro-habitat scale (tens 
to hundreds of meters), by multiple environmental factors. 
Further studies should focus on seasonal and inter-annual 
variability of those communities. Such complex interactions 
and spatial variability should make management of these 
protected areas very integrative. 

Keywords: Seagrass meadows, Syringodium isoetifolium, 
Benthic macrofauna, Structure of communities, 
Environmental factors
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Background 

MPAs are areas of the ocean designated by law or 
other effective means to enhance conservation of 
marine resources through restrictions on fishing and 
other exploitative practices (Dudley, 2009). Given the 
perceived success and potential of well-managed MPAs, 
governments worldwide are aiming to incorporate 10% 
of oceans as MPAs, as per the Convention of Biological 
Diversity’s Aichi Target 11. The aim is to ensure that 
coastal and marine areas are protected through effectively 
and equitably managed, ecologically representative and 
efficient area-based conservation measures. However, 
research suggests there are few well-managed MPAs 
(Sala et al., 2018). Existing MPAs are very often poorly 
operated (Sala et al., 2018), thus failing to provide 
expected ecological (e.g. coral reef recovery, increased 
fish biomass) and social benefits (e.g. increased revenue 
from small scale fishing). Investigating MPAs as part of 
linked social-ecological systems is needed to understand 
the intricacies of such socio-ecological systems, which 
may help in informing better design and management of 
MPAs (Cinner et al., 2012).With the intense effects of 
climate change that have already impacted on people and 
the ecosystems they rely on, there is a dire need to boost 
the capacity of coastal communities to adapt. Adaptive 
capacity is defined as “the conditions that enable people 
to anticipate and respond to change, to minimize the 
consequences, to recover, and take advantage of new 
opportunities” (Cinner et al., 2018), which relies on 
five critical components: the assets people can utilize 
in times of need, the flexibility to alter strategies, the 
ability to self-organize and take collective action, learning 
to recognize and respond to change and finally, the 
agency to decide whether to change or not (Cinner et 
al., 2018). A fundamental component involves ensuring 
that individuals, communities and societies are actively 
involved in processes of change (Pettengell, 2010). This 
pertains specifically to changes in behaviour and also 
resources and technologies. The Strategic Adaptive 
Management (SAM) approach has been developed 
in the WIO with WIOMSA support to train MPA 
managers to use a proactive, science-based approach to 
MPA 2 management by connecting science to adaptive 
management.  So far, SAM has been implemented in Kenya 
(since 2009), Tanzania (since 2013) and Seychelles (since 
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2016), in collaboration with the national MPA agencies 
within each country. The main component of adaptive 
management using the SAM approach is the robust link 
between monitoring data and using the information 
generated to influence decision making. Among other 
actions, SAM collaborates with managers and fishing 
communities to develop management objectives based 
on community goals and values, which are subsequently 
used to set numeric targets that are scientifically reviewed. 
They help managers determine what data are required to 
evaluate progress towards objectives and train them in 
monitoring ecological and social parameters to fill gaps 
in data, essential to enable managers and communities 
to stay aware of the MPA status. By engaging managers 
and involving communities in monitoring, SAM aims to 
build an increased understanding and passion for the 
conservation of marine resources in MPAs. 

Research Question 

What is the adaptive capacity of the MPA management 
agency in Mauritius, a non-SAM country in the Western 
Indian Ocean, compared to Tanzania and Seychelles, 
two SAM countries in the Western Indian Ocean? I will 
evaluate this in the context of how different components of 
adaptive capacity are likely to affect the uptake of adaptive 
management, using data from Mauritius and past surveys of 
adaptive capacity in Tanzania and Seychelles MPAs. 

Methods 

Through a series of surveys and interviews aimed at MPA 
managers in Mauritius, we compare MPA management, 
managers’ skills, sense of place, and connectedness to 
nature. We use the results to evaluate what steps are 
needed to help Mauritius continue to build its MPA 
system and whether an evidenced-based management 
system like SAM could be implemented successfully in 
Mauritius. 

Summarized results and conclusion

Our results show that management in Mauritius is 
mostly top-down, with most enforcement officers having 
relatively low level of knowledge about key ecosystem 
functions or the importance of MPAs for socio-ecological 
benefits. They also tend to have low involvement in 
decision making. In terms of describing the value of MPAs, 
most enforcement officials in Mauritius viewed MPAs 
as successful if laws were enforced and illegal activities 
were limited. In comparison, officials affiliated with the 
Fisheries Research Centre in Mauritius elaborated more 
on the ecological benefits of MPAs, pollution control, and 
efforts to raise awareness, improve the legal framework, 
and funding. In Tanzania, responses from enforcement 
officers as to the success of an MPA were more varied 
and ranged from improved outcomes like wildlife 
monitoring, healthier ecosystems, good coral cover, and 
fewer illegal activities, as well as the identification of the 
need for more trained staff and the need to increase 

tourism revenue from MPAs. In Seychelles, enforcement 
officers focused on good management, enforcement, 
and the availability of appropriate equipment. Countries 
with the SAM approach emphasize flexibility, peer to 
peer learning, adaptive and evidence based management 
more broadly. We observed lower engagement and 
connectedness to the natural environment in Mauritius 
as compared to the other two countries. Therefore, 
because enforcement officers currently seem less actively 
involved in activities or aware of decisions made around 
MPAs than enforcement officers in SAM countries, 
Mauritius may be a good candidate for future adoption of 
the SAM approach to improve adaptive capacity within 
the existing MPA management agency.

POSTER
Perceptions of fisheries restrictions benefits in 
Mauritius 

JOSHEENA NAGGEA1*, TIM MCCLANAHAN2 

1Emmett Interdisciplinary Program in Environment and 
Resources, Stanford University 
2Wildlife Conservation Society, Marine Programs, Bronx, 
NY, USA, 10460 

Email jnaggea@stanford.edu
  
This study aimed to understand perception of benefits 
around different types of Marine Protected Areas 
(Marine Parks, Fishing Reserves and NGO-led voluntary 
conservation areas) in Mauritius, the types of conflicts 
that arise between different types of resource users 
and evaluate what factors influence fishers’ compliance 
around MPAs. Given the success of well-managed MPAs, 
governments worldwide are aiming to incorporate 
10% of the world’s coastal and marine areas as MPAs 
(CBD, 2010). The goal is to protect these areas through 
effective and equitable management and ecologically 
representative area-based conservation measures 
(CBD, 2010). However, research suggests that existing 
MPAs are often poorly operated (Sala et al., 2018) e.g. 
non-compliance to rules set, lack of technical skill to 
evaluate MPA status. Therefore, they fail to provide 
expected ecological (e.g. coral reef recovery, increased 
fish biomass) and social benefits (e.g. increased revenue 
from small scale fishing). Irrespective of size and location, 
MPA effectiveness depends highly on users’ compliance, 
predominantly that of fishers, since fishing can cause 
serious degradation to global marine ecosystems and 
biodiversity (Pauly et al., 2002). We define compliance 
as adherence to rules set in relation to natural 
resource use and conservation (Arias,2015). Pollnac et 
al.(2010) and Bergseth et al. (2013) have shown that the 
ecological performance of MPAs are intricately linked 
to compliance. In the case of MPAs, non-compliance 
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refers to either fishing illegally in protected areas or 
breaking fishing regulations when fishing is not allowed 
(Arias et al., 2015) for example using particular gears such 
as gillnets in gear-restricted areas. We have conducted 
questionnaire-based evaluations around the three main 
villages around each type of MPA (Marine parks, Fishing 
Reserves, NGO led voluntary conservation areas) and 
control sites. Both household and key informant surveys 
were used. We asked if there is a relationship between 
type of MPA and the perceptions of benefits of restrictions 
and if specific aspects of governance were associated with 
specific perceptions of benefits. Through collaboration 
with marine biologists in Mauritius, sites with the highest 
number of endemic species of corals and fishes are being 
identified. Combined with the socio-economic surveys, we 
are creating an experiment using geography and different 
types of MPA management to understand how we can 
promote conservation that will protect biodiversity 
and also be supported by the local communities. This is 
very important to ensure both legitimacy and voluntary 
compliance with the regulations set around those MPAs.
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Background 

The oceanography of Western Indian Ocean is influence 
by the large surface currents of the Southern Indian 
Ocean gyre. At the surface of the gyre exists a community 
termed neuston, composed mainly of zooplankton. These 
neustonic zooplankton are at the mercy of surface 
currents and their distributions are primarily influenced 
by environmental factors. The family Pontellidae are the 
most common members of the neuston zooplankton 
community. It is likely that their distribution influences 
the whole of the neuston community. 

Methods 

The research vessel Dr. Fridtjof Nansen was used to 
collect neuston samples along a transect during the 
month of July 2015 from Jakarta, Indonesia to Port 
Louis, Mauritius. A Manta trawl fitted with a 335 µm 
mesh was used to collect neuston samples across the 
STG. Hydrographic samples of temperature, salinity, 
chlorophyll and oxygen were obtained using a Seabird 
911+ CTD probe. 

Results 

A total of five pontellid species were recorded of the 
Pontellidae family, with Labidocera detruncata as the most 
dominant. The surface chl-a and oxygen concentrations 
were the most significant environmental factors that 
determined the pontellid species distributions and their 
abundances. There was no relationship between fish larvae 
and pontellid abundances. Highest abundances of pontellid 
species and fish larvae were recorded in coastal waters. 

Conclusion 

This study provides an insight to observations on 
pontellid copepods and their relationships within the 
Southern Indian Ocean gyre.
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Food insecurity remains one of the most visible dimensions 
of poverty. The increasing population amid competition for 
land and water resources means that the global demand for 
food will continue to increase. In Kenya, the food insecurity 
trend is worrying as the population is expected to hit 55 
million by 2020 against an annually declining arable land per 
capita and consequent increase in food prices. The Kenyan 
agricultural sector has failed to either eliminate or reduce 
malnourishment for poor populations as the annual national 
production for both staple food and livestock products fall 
short of national consumption levels. With increasing food 
production challenges like dwindling capture fisheries and 
impacts of climate change becoming more eminent, solutions 
to food insecurity and malnutrition in Kenya must bring 
quick results in food availability by stimulating more own-
food production. Aquaculture has so far been recognized 
as an important opportunity to enhance household food 
security in developing countries. Aquaculture, the controlled 
land-based or open-ocean farming of aquatic organisms 
such as tilapia, catfish finfish, shellfish and plants, is the fastest 
growing food sector globally alongside terrestrial crop and 
livestock production. Fish provides protective effects on a 
wide range on health including obesity, stroke, high blood 
pressure, and coronary heart disease. Fish has a nutrient 
profile superior to all terrestrial meats, an excellent source 
of high quality animal protein, omega-3 polyunsaturated 
fatty acids (PUFAs) and vitamins. Unfortunately, in Kenya, 
fish has been only marginally included in the national debate 
on reduction of micronutrient deficiency, precisely where it 
could potentially have the largest impact. 

Keywords: Aquaculture, Malnutrition, Food fish; 
Climate change
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Mass coral bleaching events remain the single most 
important threat to the world’s coral reefs. Mean live 
hard coral cover on the reefs of the Seychelles Inner 
Islands was documented at around 5% just after the 
1998 mass coral bleaching event. It took the reefs around 
17 years to return to mean pre-bleaching coral cover of 
about 42%. Less than a year after this target was reached, 
the 2016 mass coral bleaching event caused widespread 
coral death. In order to provide a updated information 
on the post-bleaching status of coral reefs we surveyed 
62 carbonate fringing reefs around the main islands of the 
Seychelles Inner Island group. At each site, a 10 minute 
time swim was performed. During the swim we recorded 
the number of butterflyfishes, anemonefishes, groupers, 
grazing herbivorous fishes, Crown of Thorns Starfish, 
black spinned sea urchins and sea cucumbers observed. 
At the end of each swim, benthic cover of hard corals, 
macroalgae, sand rubble and bare surfaces available for 
coral recruitment was estimated. Reef rugosity at each 
site was determined on the 0 – 5. Results indicate that 
the 2016 mass coral bleaching event had severely reduced 
mean live coral cover on the reefs of the Seychelles 
Inner Islands to around 11.8%. Comparison among zones 
found reefs along the west and East Coast of Mahe Island 
to be doing better than in other areas with higher level 
of mean hard coral cover. Sites with high rugosity index 
were generally associated with higher coral cover but 
not with higher number of black spinned sea urchins, 
grazing herbivores and groupers. The mean percentage 
cover of macroalgae was still very low with no apparent 
shift to macro-algae dominated state at most sites with 
48.4% of sites not recording any macro-algae and 67.7% 
of sites having macroalgae cover of ≤ 5.0%. With higher 
post-bleaching coral cover this time around facilitated by 
high number of grazers the recovery trajectory this time 
around is expected to be faster, provided that no large 
scale disturbances are recorded. 
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Background

Marine Protected Areas are widely considered to be one 
of the most effective tools to address the challenges of 
habitat destruction and unsustainable resource extraction 
in marine and coastal environments. While the ecological 
effectiveness of fully protected areas has been proved 
around the world, their social and economic value is 
still questioned. Most MPAs are proclaimed to achieve 
ecological objectives, however, it is widely acknowledged 
that without support, MPAs have limited chance of achieving 
long term ecological objectives. In order to address this 
there is a need to determine a collaborative methodology 
that enables MPA managers and communities to agree on 
the social and economic objectives of a particular MPA. It 
is only after these objectives have been defined that they 
can be measured to determine the effectiveness of the 
MPA in a holistic manner. There are currently a wide range 
of frameworks and methodologies available to determine 
such social and economic objectives. Different regions, 
countries and even individual MPAs have approached 
this task in different ways. This paper will present the 
methodology and outcomes of a project undertaken in 
South Africa to collaboratively develop a framework 
for identifying social and economic objectives for local 
MPAs, and then to establish appropriate methodology 
to measure the effectiveness of those MPAs against the 
objectives, using measurable indicators. 

Methods

A desk-top study established that international best 
practice used three categories to determine MPA 
effectiveness - Governance, Socio-Economic and 
Ecological. The outcomes of the study were discussed at 
a number of national MPA Forums. Further workshops 
reviewed the objectives of established South African 
MPAs. Thereafter, based on expert input, a draft 
framework of potential goals and objectives for MPAs 
was developed, together with associated measurable 
indicators that would allow for a more holistic 
assessment of MPA effectiveness. The draft framework 
and methodology is currently being presented to South 
African MPA managers and stakeholders, including local 
community members, to ensure that the final framework 
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and methodology are clear, inclusive and useful. Once 
stakeholders have agreed on the objectives for each MPA, 
measurement of the effectiveness of the MPA against 
these objectives will be possible. The overall framework 
includes the ecological and socio-economic categories of 
objectives, however, this presentation will only focus on 
the social and economic objectives. 

Results

This presentation will introduce the framework and the 
methodology to determine the social and economic 
objectives of South African MPAs. It will also provide an 
insight into the workshop process and present some 
of the lessons learnt on how to build more effective 
engagement with stakeholders. 

Conclusions

The management of Marine Protected areas in the 
Western Indian Ocean is a complex task. While the 
tangible product of this project is a tool to assist in 
measurement of the effectiveness of an MPA, the real 
value of the project lies in the contribution of the 
processes and workshops to local capacity building, 
establishing networks and enhancing communication 
between stakeholders. Building a common language 
and understanding between managers and various 
stakeholders is the deeper and more significant outcome 
of this project. 
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The raggedtooth shark, Carcharias taurus, is a cosmopolitan, 
coastal lamniform shark, which is threatened by 
overexploitation in parts of its range. Return migrations of 
C. taurus females to specific nursery areas suggest that they 
exhibit reproductive philopatry or more specifically, natal 
philopatry, i.e. the return to the natal area to reproduce. 
Over time, this behaviour might lead to genetically isolated 
subpopulations over various spatial scales. In this study, a 

combination of tag-recapture data collected over a 34-year 
period and genetic data from two mitochondrial genes 
and 12 microsatellite markers was used to investigate this 
hypothesis. Comparing the smallest (≤1.4m total length) 
versus the largest individuals (>1.4m <1.8m total length) 
of young sharks, revealed a pattern of size-related genetic 
differentiation between nurseries that was only found in 
the smaller size class. This not only confirms reproductive 
philopatry of their mothers but is also in line with 
observations obtained from the available tagrecapture data. 
Juveniles of different age use their nursery habitat differently 
with individuals of the small size class remaining almost 
stationary in their specific area, whereas larger juveniles 
disperse more widely. These results highlight the need to 
target young-of-the-year for genetic studies in order to 
exclude roaming individuals that obscure size-related signals 
of genetic differentiation by moving between sites.  Despite 
undertaking large-scale migrations with increasing age, C. 
taurus displays a remarkable high degree of site fidelity with 
57% of all recaptures reported within 25km of the original 
tagging location. Moreover, residency and site fidelity of 
young-of-the-year and juvenile sharks in False Bay and Cape 
Agulhas, Western Cape, indicate the possible existence of 
additional nursery areas. The results from this study have 
crucial implications for the management and conservation 
of C. taurus in South Africa and elsewhere. As many nursery 
areas as possible should be protected to ensure that the 
number of locally resident juveniles and the pool of the 
returning females remain stable in the long term. This may 
warrant protected areas, or time-area closures, prohibiting 
exploitation in the nursery areas during pupping season.
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An assessment of meiofauna of two mangrove 
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The meiofauna thrives ubiquitously in mangrove forests 
and is of significant ecological importance within 
this ecosystem. Data on the status of the meiofaunal 
community is essential for the evaluation of the success 
of replantation programs and monitoring of mangrove 
ecosystems. There is currently no published data on the 
meiofauna of the mangrove of Mahebourg and Le Morne. 
A study was carried out to determine the meiofauna 
diversity and abundance at these two sites. The mangrove 
of Mahebourg and Le Morne are found on the South coast 
of Mauritius and are composed of the species Rhizophora 
mucronata. The study area of Mahebourg is an old mangrove 
forest including trees at the adult stage. The mangrove of 
Le Morne is a replanted one, mostly composed of young 
mangrove saplings with patches of older mangroves at the 
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adult stage. At both sites, sampling was done at low tide 
between October 2018 and December 2018. 8 stations 
were set at Mahebourg, 3 stations near the shore, 2 stations 
on the most landward side of the mangrove forest and 3 
stations in the middle. At Le Morne, 6 stations were set in 
the young mangrove forest and 3 stations in the old forest.  
At each station 3 sediment cores of 3.6cm in diameter 
and 10cm depth were collected to assess the meiofauna. 
The sediment samples were preserved with 10% formalin, 
brought to the laboratory and sieved using a mesh of 1mm 
on top of a 45 µm mesh to retain only the meiofaunal 
component.  The meiofauna was then extracted using a 
ludox flotation technique, stained with Rose Bengal, counted 
and identified. Counting and identification was done a first 
time at magnification x 15 and then at magnification x 40 
under a stereomicroscope. Further identification was done 
under an inverted microscope with the help of identification 
guides. In all 17 taxa were recorded. Nematoda, Oligochaeta, 
Harpacticoida, Polychaeta, Sarcomastigophora, Foraminifera, 
Ostracoda and Ciliophora were present at the 3 study areas 
among which nematodes and oligochaetes were dominant.  
The other groups had a lower abundance. At Mahebourg, 
cnidarians, and 4 unidentified groups were also present. 
The total meiofaunal density was estimated to 9±4.3 
organisms per corer/cm2 and was dominated by nematodes 
and annelids which represented 38-87% and 7-57% of the 
meiofauna respectively. 14±3.5 organisms per corer/cm2 
were recorded in the young mangrove of Le Morne out 
of which 1 taxa remained unidentified. The nematodes 
were the dominant groups having densities ranging from 
51% to 80%. Second in abundance were the annelids (8-
42%) including the oligochaetes (8-33%) and polychates (0-
9%), followed by the harpacticoid copepods (1-14%), the 
other groups were low in abundance.  The meiofauna of the 
old mangrove forest of Le Morne had a density of 14±7.1 
organisms per corer/cm2.  The nematodes accounted for 34-
79% of the meiofauna, annelids represented 13-69% of the 
sample and included oligochaetes (12-63%) and polychaetes 
(1-6%), harpacticoid copepods represented 1 1-12% and the 
other groups 0-4%. 3 species were unidentified in this area. 
A diversity of species were recorded at the 3 study areas 
some occurring at only one of the areas. Several studies have 
reported dominance of nematodes in mangrove sediment 
samples reaching an abundance of up to 99%. However, 
in the present study in the old mangrove of Mahebourg 
and Le Morne nematodes were only second to annelids 
in some samples. A comparison of the old mangrove of Le 
Morne and that of Mahebourg also shows a difference in 
the diversity of species and a significant difference in their 
abundance (Mann-Whitney U test, p <0.05).  There was no 
significant difference (Mann-Whitney U test, p >0.05) in the 
mean number of organisms at the young and old mangrove 
of Le Morne but a higher diversity of species was recorder 
in the old mangrove. Previous studies show differing 
effect of forest age on fauna abundance and diversity, al. 
Nevertheless, the age of a mangrove forest and the different 
conditions prevailing at a site are important factors that 
control meiofaunal communities. 

Keywords: Mauritius, meiofauna, young mangrove, old 
mangrove 2
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International demand for mangrove mud crab, Scylla serrata, 
has been growing exponentially since 2010, resulting in 
increased exploitation of this species in Madagascar. Both 
are expected to grow further, increasing pressure on crab 
stocks and associated mangrove habitats; particularly in 
the Menabe region of Madagascar, where catches have 
fallen from 3.5 to 1.8 kg / hour / fisher between 2011 and 
2016. The management objectives for the communities 
who are depend on these crabs for food and income 
is clear: to stop the decline of crab stocks. Since 2011, 
inspired by the successful temporary closures for octopus 
in the Southwest of Madagascar, a dozen motivated villages 
have mobilized and organized temporary mangrove 
closures in addition to national seasonal closures for 
crab that are not yet well-established. This study presents 
an analysis of the impacts of seven years of community-
led temporary closures on fisheries and the perception 
of these closures by communities. We hypothesized 
that when closure areas are re-opened to fishing, catch 
rates are higher and crabs are larger when compared to 
harvests from continuously open mangrove areas. We also 
explored why communities want to continue closures 7 
years after the first pilot and the main social obstacles for 
greater participation. Over the past 7 years, communities 
have organised more than 49 closures, each lasting 3 
to 5 months and covering between 10 and 135 ha of 
mangroves. We observe significant effects of closures on 
catches when comparing the 30 days before closure and 
the 30 days after reopening. Across all seven closures sites, 
overall crab landings (kg) increased significantly following 
reopening. Mean crab landings increased from 7.4 kg in 
the 30 days before closure to 8.4 kg in the 30 days after 
reopening, a 15% increase. Additionally, crabs had a 6% 
larger carapace length.  Between 2011 and 2016, however, 
catch per unit effort (CPUE) and carapace length in 
closure areas still declined steadily and significantly every 
year. Control sites also declined at the same rate. Thus, 
closures have not yet demonstrated their potential role at 
counteracting long-term declines in the fishery. In addition 
to the short term benefits of these closures we also 
wanted to explore and characterize further the ownership 
of this management we observe from communities. In 
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2018, we conducted twenty-nine focus groups (with 
groups of crab fishers, fin-fish fishers, and women) in 
the ten villages where closures occurred to investigate 
people’s perspectives of the closures. We found strong 
initial motivation to conduct closures, and most groups 
expressed the desire to continue with closures in the 
future. Communities were most motivated by the desire 
to increase the productivity of crab and fin-fish catches. 
All groups believed they had gained advantages from the 
closures, noting increased catches in all villages. However, 
motivations for enforcement were low due to fear of 
revenge from poachers, and thus incidences of poaching 
were reported to have risen over time. Participants 
suggested that the biggest beneficiaries from the closures 
were the poachers who break into the reserve and catch 
the most. Our research shows that temporary mangrove 
closures have lead to significantly increased crab catches 
and increased average carapace length of crabs, but only 
in the short term following these closures.  Additionally 
closures appear to have built some community support 
for fisheries management in general in these villages. 
However we stress that these closures are not a ‘silver-
bullet’ and there is a need to build on this initial support by 
further investigating possibilities for community fisheries 
management and to address the wider issues that exist, 
particularly around surveillance and enforcement.
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Citizen science offers a great and unique opportunity 
to expand and complement the collection of data for 
fundamental and applied sciences. In the South West Indian 
Ocean (SWIO), the acquisition of data as part of Coral Reef 
Monitoring has been a major issue for more than 30 years 
in understanding the essential role played by coral reefs 
and their sensitivity to climate change. In particular, several 
projects funded by the Indian Ocean Commission (IOC) 
have provided major insights into coral reef structure, 

extent, diversity and functions through field surveys (e.g. 
underwater visual census), remote sensing and modelling. 
A recent review of IOC ISLANDS and BIODIVERSITY 
projects reports that about 1,400 sites have been 
monitored over the last 30 years. In this paper, we present 
a new approach developed in the SWIO which dramatically 
increases the amount of data that can be collected by 
equipping citizens to become providers of in-situ data from 
coral reef areas. We provide the main features and outlooks 
of the data collected by practicing nautical sports (kite 
surf, stand up paddle, and surf), with an underwater video 
camera fixed below the board, in Mauritius, the Seychelles, 
and Reunion Island. In particular, we demonstrate that a 
single citizen can collect massive amounts of geolocated 
pictures, i.e. ~10,000 photos taken along a 50km survey 
track for a 2h long session. In addition, the boards can be 
equipped with other sensors (located for instance in the 
fins—for example, Smartfin—or in the board) to collect 
environmental parameters such as sea surface temperature 
and light intensity. We propose a methodological approach 
to manage this data deluge through a suite of codes for 
describing and storing the data on online servers. Using 
stereoscopic and photogrammetric methods, we show 
that the sets of pictures collected provide key information 
on the topography and structural complexity of marine 
coastal ecosystems. We also highlight the potential 
applications of existing methodological approaches to 
analyse spatiotemporal patterns of biodiversity in species 
communities based on occurrence data of benthic and 
pelagic species, e.g. accumulation curves, diversity indices, 
and multivariate modeling. We finally discuss what are the 
infrastructures available to store such datasets at a regional 
level, which data can be opened, how to convey data to 
these data centers, and why deep learning methods are 
the only way to manage these data types at a wider scale. 
Overall, this new approach reinforces the key contribution 
of citizen science to improve knowledge on reef biodiversity 
and its conservation faced to direct anthropogenic impacts 
and climate change. 
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Background 

Coral colony size has been used as an important life-
history trait that can reflect taxonomic adaptations and 
responses to environmental stress (Fong and Glynn 2001) 
such as bleaching. Differential susceptibility of corals to 
bleaching is one of the responses that influences coral 
community re-assembly (Obura 2005). Corals suffered 
almost 90% mortality at some sites in Kenya during the 
1998/99 mass bleaching event (Obura 2000). Despite 
recurrent bleaching events since this date, very few studies 
have tried to report the recovery of coral communities in 
Kenya (McClanahan 2014, McClanahan et al. 2008). Even 
so, these studies have focused on the southern parts of 
Kenya and mostly within marine protected areas and 
consequently recovery and its driving factors has not been 
fully reported. In this study, we examined the spatial and 
temporal variation in the colony size of coral taxa across 
the entire Kenyan coastline and determined the factors 
that are driving those patterns like habitat, management 
levels and environmental factors. 

Methods 

Using coral reef rapid assessment methods (Obura and 
Grimsditch 2009), we surveyed 41 study sites at different 
environmental, habitat and management settings along 
the Kenyan coastline for the year 2008 and 2016. 
Coral colonies were categorized into four size classes; 
0-10cm, 11- 40cm, 40-80cm and >80cm. Data analysis 
involved descriptive statistics to determine the change 
in density of corals within the four size classes over the 
two time periods. Further, multivariate analysis using 
PRIMER-e version 7 was done to determine habitat 
and management factors that contributed to the spatio-
temporal pattern in coral colony density. 

Results 

Preliminary results show that the density of corals 
was 84.06±121.80 colonies per 100m2 in 2018 and 
94.72±209.76 colonies per 100m2 in 2016. While the 
overall density of coral colonies did not significantly 
differ between the two time periods (p>0.05), there was 
temporal variation within coral size classes. Also, there 
was significant difference in the change in coral size classes 
across geographical zones, with the >80cm size class 
having a significantly high positive-change in the North 
zone. Contrary, the South zone had a significant decline in 
density within large size classes, despite a consistently high 
density of small colonies between the two time periods. 
Additional analysis will involve correlation of the changes 
in coral densities with Sea-surface temperatures (SST), 
chlorophyll a (Chl a), Total Suspended Sediments (TSS) and 
ultra violet B (UVB) in order to determine the influence 
of environmental parameters on the spatio-temporal 
patterns of coral size classes. 

Conclusion 

Persistence of coral communities in Kenya has been shown 
to be influenced by their ability to withstand disturbance 
over time in this study. One of the habitat factors that 
contribute to this quality to survive is the geographical 
location where they occur, which has been demonstrated 
by similar taxa having different temporal changes in colony 
densities between the north and southern parts of Kenya. 
Northern Kenya shows high coral colony survival with the 
presence of large coral colonies that have survived over 
eight years of numerous bleaching episodes. The southern 
coral community however indicate vulnerable taxa that 
have failed to cope with changes, thus shown by the decline 
in large coral colonies over time. While bleaching episodes 
have been reported numerously along the Kenyan Coast 
(e.g 2010 and 2016), persistence of large coral colonies 
in the northern parts is likely due to the cooling effect of 
the Somali current (Obura 2012, McClanahan 2014) that 
reduce bleaching mortality of coral communities. Results 
from the correlations between changes in colony densities 
and SST will reinforce these conclusions. 

Keywords: Kenya coral reefs, coral size classes, spatio-
temporal patterns, spatial patterns, temporal patterns, 
Coral bleaching, Coral communities
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In the last decade, the strategic landscape around South 
African national marine research and development has 
changed considerably, moving towards a focus on the 
provision of high-value and actionable information in 
support of the blue economy. The research contributing 
to this strategy is of interest internationally not only 
because it is in line with the current international 
research and policy and hence contributing to a global 
thrust towards a sustainable blue economy, as highlighted 
in the Sustainable Development Goals, as well as the 
United Nations’ decade of the Ocean, but also due to 
the international importance of the oceans surrounding 
South Africa with regards to weather, climate, fisheries and 
biodiversity. In particular, modelling the Agulhas Current 
remains a challenge which both the South African and 
international oceanographic community are determined 
to work together to solve. Expanding on this are the key 
features in the southwest Indian Ocean which influence 
the Agulhas, its source regions and the atmospheric and 
biogeochemical aspects of importance to the region. With 
increasing computational power, the ability for numerical 
model simulations to resolve spatial scales in the order 
of a few hundred metres to a few hundred kilometres is 
improving at the regional and, in some cases, global level. 
When such models include data assimilation, they are able 
to provide more accurate forecasts of the ocean ranging 
from days to weeks, supporting operational oceanography 
serving a number of socio-economic marine and maritime 
sectors. This presentation will give an overview of physical 
ocean modeling being carried out within South Africa and 
with international collaborators, the availability of these 
model data and some key results relevant to the western 
Indian Ocean. In particular, the use of the models - ROMS 
(Regional Ocean Modelling System), NEMO (Nucleus for 
European Modelling of the Ocean) and HYCOM (HYbrid 
Coordinate Ocean Model) in the region. The applications 
include theoretical modeling and the seasonal cycle of the 
Agulhas Current, biogeochemical coupled modeling with 
a focus on the South-East Madagascar bloom, physical and 
biogeochemical modeling (including future projections) 
to understand the dynamics on the Agulhas Bank and the 
implications on the chokka squid fishery, particle trajectory 
modelling supporting a variety of marine sectors as well 
as understanding shortcomings of the different models 
being used. These models are also used to address 
fundamental balances (including energy, momentum, heat 
and nutrients) and processes in the system (such as air-sea 
or current-topography interactions, and eddy generation/
dissipation) also at play in other parts of the global ocean, 
which remain shortcomings in most ocean and climate 
models. Finally the development strategy of a Southern 
African ocean modeling hub (SOMISANA; Sustainable 
Ocean ModellIng: a Southern AfricaN Approach) will be 
showcased. The vision of SOMISANA, meaning ‘to work 
together’ in Sepedi, is to build local modelling capacity in 
a transformative way such that the implementation and 
sustainability of an operational ocean forecast model of 
the Southern African Exclusive Economic Zone is ensured. 
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Plankton are the microscopic drifters that forms an 
essential component in ocean waters. Being at the 
base of food webs, they play important roles in marine 
ecosystems including in open water fisheries production 
and their roles as bioindicators. Environmental factors 
including physicochemical parameters and nutrient 
status form part as one of the most intriguing factors 
in influencing the density and diversity of both 
phytoplankton and zooplankton. However, how the 
community structure of micro-phytoplankton and 
micro-zooplankton varies in Mauritian coastal waters 
and to what extent environmental factors can control 
these variations are poorly known. The abundance in 
terms of density and diversity of micro-phytoplankton 
and micro-zooplankton were studied at 6 marine 
ecosystems namely estuaries, seagrass, sandy, rocky, 
mangroves and coral reefs (Belle Mare and flic en Flac) 
areas in October 2018. These were correlated with 
physico-chemical parameters such as temperature, pH, 
salinity, dissolved oxygen, and silicate, phosphate, nitrate 
and chlorophyll a concentrations. Micro-phytoplankton 
and microzooplankton samples were collected by 
filtering 10L and 100L seawater using a plankton nets 
of 5µm and 100µm sizes, respectively, in October 2018. 
Chlorophyll a was quantified using spectrophotometric 
methods. The density of micro-phytoplankton for the 
coral reef areas at Belle Mare and Flic en Flac were 
2.89±1.03 x 10 and 3.09±1.58 x 10 cells/L. The density 
of micro- 6 6 zooplankton at Belle Mare and Flic en Flac 
coral reefs areas were 24.06±22.93 x 10³ and 7.11±4.96 
x 10³ cells/L.The micro-phytoplankton Shannon-Wiener 
diversity indices for Belle Mare and Flic en Flac coral 
reefs areas were 3.17 and 2.84.The density of micro-
phytoplankton at Poudre D’Or and Anse aux Jonce 
mangroves areas were 0.53±0.12 x 10 and 1.56±0.96 
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x 106 6 cells/L. The density of micro-zooplankton at 
Poudre D’Or and Anse aux Jonce mangroves areaswere 
24.06±22.93 x 10³ and 7.11±4.96 x 10³ cells/L. The 
micro-zooplankton ShannonWiener diversity indices for 
Poudre D’Or and Anse aux Jonce mangrove areas were 
1.83 and 1.49, while for micro-phytoplankton the indices 
were 2.33 and 2.25.The density of microphytoplankton 
at Souillac and Le Goulet estuarine areas were 7.10±2.57 
x 10 and 6.07±0.11 x6 10 cells/L. The density of micro-
zooplankton at Souillac and Le Goulet estuarine areas 
were 60.22±0.15 x 10³ and 0.71±0.80 x 10³ cells/L. The 
micro-zooplankton Shannon-Wiener diversity indices 
for Souillac and Le Goulet estuarine areas were 2.5 
and 2.07, while for microphytoplankton the indices 
were 0.35 and 0.43. These findings indicate that the 
microphytoplankton and micro-zooplankton densities 
and diversity indices were variable among the tested 
coastal marine ecosystems around Mauritius for October 
2018. Further studies with longterm data set will provide 
in-depth understanding of such variations. 

Keywords: micro-phytoplankton; micro-zooplankton, 
Shannon-Wiener diversity index
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Artisanal gillnet fisheries exist throughout the oceans 
and have been responsible for high bycatch rates of sea 
turtles. In the study three sites in North coast of Kenya 
i.e. Watamu, Ngomeni, and Bwana said were studied with 
an overall objective of assessing the effectiveness of led 
lights in the reduction of sea turtle bycatch and mortality 
in bottom set gillnet fishery. A total of 10 pairs of control 
and illuminated nets were deployed. The mean catch per 
unit effort (CPUE) of target species, was similar for both 
control and illuminated nets. In contrast, the mean CPUE 
of sea turtles was reduced by 65.1% in illuminated nets. 
This statistically significant decrease (p <0.05) in sea 
turtle catch rate suggests that net illumination could be 
an effective conservation scientific tool. Light-emitting 
diode (LEDs) did not have a significant effect on catch 
rates for any of the categories of fish landings that were 
assessed. No differences between landings from control 
and experimental sets were found to be significant 
(T-test p= <0.1). Fishermen used the LEDs 75-85 times 
in total during the study period between December 

2016 and December 2017. Overall the lights are good 
at reducing marine turtle bycatch in gill nets when the 
nets. The LEDs had no influence on fish catches. The 
significant challenges to implementing the use of LEDs 
include equipment costs, increased net handling times, 
and limited awareness among fishermen regarding the 
effectiveness of this technology.
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Background 

It is increasingly recognised that successful fisheries 
management cannot be achieved without integrating 
the knowledge of biologists, fishermen and social 
scientists. However, this approach is rarely applied in 
the Seychelles, or other developing countries, due to 
limited resources, open access fisheries, and hence, 
poor fisheries management. The small-scale fisheries in 
Seychelles supports the livelihoods of approximately 
1,500 fishermen and is an important source of food 
for local communities. Despite evidence that stocks of 
key commercial species are being overexploited, little 
consensus has been reached between government 
and fishermen on what management measures should 
be applied to ensure the future sustainability of the 
fisheries. In order to improve fisheries management, a 
more interdisciplinary, participatory approach, which 
incorporates fishermen’s local knowledge and their 
socio-economic needs, is required. In this study we 
therefore assessed the views of a variety of groups 
affiliated with small scale fisheries in Seychelles, with an 
aim to improve fisheries management. 

Methods 

Semi-structured interviews were conducted with 
49 small-scale fisheries stakeholders in Seychelles 
between July to September 2018. This method was most 
appropriate for this study as the researcher could follow 
the flow of conversation and explore different tangents 
to build a better understanding of the individuals’ 
experience, perceptions and behaviours. Initially, in order 
to elicit a diverse set of opinions and perceptions, the 
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participants were purposefully sampled to represent a 
range of interest groups, including individuals working 
for government (fisheries and conservation), Non-
Governmental Organisations (both fisher organisations 
as well as conservation groups) and industry (e.g. fish 
mongers, processors). Snowball sampling, a method 
particularly useful when dealing with small communities, 
was then used to capture additional participants. The 
interview questions were pre-written and aimed to 
elicit the following information: the views of different 
small-scale fisheries stakeholders on the outlook of the 
fisheries, the relationship between different stakeholders, 
identifiable threats, potential solutions, what they perceive 
as barriers to achieving these solutions and suggested 
management measures deemed most appropriate or 
effective for the small-scale fisheries in Seychelles. 

Results 

The keys findings of study suggest the following: 1) 
There was no singular definition for small-scale fishing in 
Seychelles; although most stakeholders provided similar 
characteristics, the blurred lines between the categories 
small-scale “artisanal” sector and semi-industrial sector 
has resulted in some concerns about the fishing methods 
used to target demersal stocks and impacts on the 
sustainability of those stocks. 2) The small-scale fisheries 
sector in Seychelles may not be a significant contributor 
to the GDP, but contributes to crucial aspects such as 
livelihoods of some of the poorest people in society, 
the identity and culture of the Seychellois people and 
is important for our tourism sector, both as a source 
of food and for marketing purposes. 3) The small-scale 
fisheries sector in Seychelles face multiple challenges. 
These can be classed as financial aspects (access to 
finance, income, cost of fish, cost of fishing equipment), 
infrastructure (access to ice and markets), marketing 
(difficulty for fishermen to sell their catch), natural 
stressors (climate change, coral bleaching, algal blooms 
and crown of thorns outbreaks), and workforce (lack of 
interest from the younger generation, the use of drugs 
impacting fishermen as well as lack of human capacity 
within Government to monitor and enforce fisheries 
policy and regulations). The outlook for the small-scale 
fisheries sector was generally negative. Stakeholders 
identified overexploitation, overcapacity, illegal fishing, 
destruction of habitat, increasing demand for fish as 
the key issues. 4) There were mixed feelings within 
stakeholder groups about subsidies. While some felt that 
subsidies are necessary to allow fishermen to continue 
to fish (under certain management regimes), others felt 
that subsidies have contributed to overcapacity and 
overexploitation and should be removed. 5) There was 
consensus that the relationship between government 
and fishermen is virtually non-existent for multiple 
reasons, including lack of trust due to broken promises, 
lack of information provided by government and failure 
to communicate/consult fisher communities. A need for 
more education and better commination strategies were 

key suggestions to improve the fisheries sector. 6) The 
need for fisheries management was positively received 
by all stakeholders and suggested measures included 
rotating closed areas (especially during spawning 
periods), minimum size and catch limits, limits on license 
numbers, and more control of the recreational/sports 
fishery. However, the ability to enforce these measures 
was a main concern of stakeholders. 

Conclusion 

The study has important implications for the governance 
of the small-scale fisheries sector in Seychelles and 
the implementation of local fisheries management. It 
highlights the issues affecting the sustainability of the 
small-scale fisheries and the potential solutions that 
stakeholders’ feel could address some of the challenges 
being faced by the sector. It also proposes potential 
fisheries management measures, identified by the 
stakeholders, which could be incorporated into the 
upcoming demersal fisheries management plan. This 
study will also inform a larger socio-economic study of 
300 fishermen, which should provide crucial baseline 
information to the Seychelles fisheries authority and 
help guide future policy making for the sector. 
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The Oceans & Lakes programme (full name: Master of 
Science in Marine and Lacustrine Science and Management) 
and its root programmes have created nuclei of graduates 
(alumni) worldwide over 3 decades. Several alumni now have 
key positions in their home countries. For some countries 
(amongst which Kenya), there is an operational nucleus of 
trained scientists and a good network and collaboration 
between alumni working for different bodies which results 
in projects involving governmental, NGO, research institutes 
and universities. In Kenya alumni of ‘Oceans & Lakes’ and its 
root programmes FAME and ECOMAMA, with subsequent 
PhD training, constitute a network in international and 
government bodies and NGO (UNEP,kmFRI, KWS, WWF) 
and act here as ‘change agents’ in science and management 
of aquatic systems and resources, whether coastal or major 
freshwater catchments. The programme now wishes to 
go even further and create a larger, robust and sustained 
network. With several alumni being examples of ‘change 
agents’ for their country or resp. region, the programme 
wishes to bring together alumni and other stakeholders 
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to learn from local experiences in research, education, 
management and governance through peer inspiration. 
A major aim is to create and strengthen networks for 
research and education that enforce both the north-south 
and the south-south capacity building on environmental 
sustainability, and to generate continuous public support. 
In this aim, the Oceans & Lakes programme organized a 
5-day alumni networking event in Belgium, named ‘OORI’ 
– Oceans of Opportunities, Rivers of Ideas (http://www.
oceansandlakes.ugent.be/oori).

The mini-symposium proposed by dr. Diana Di Nitto and 
dr. Jean Hugé: ‘How to become a change agent in marine 
conservation’, also builds upon the OORI event, and its 
aim of creating and strengthening networks for research 
and education, however with a more specific scope. 
At the WIOMSA symposium, Oceans & Lakes wishes 
to bring together alumni and other stakeholders again, 
with the aim to continue enforcing their networks, and 
investing in capacity building. 
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Background 

Some populations of opportunistic and scavenging seabirds 
have grown exponentially in several parts of the world, 
while trends of more specialized species, for instance 
targeting small pelagic fish, have declined. Population 
trends of many large gulls (Larus spp.) generally coincide 
with human land-use practices and many species have 
increased since the 1970s, due to cessation of control 
and increased human food subsidies, such as fishery 
wastes and open refuse tips. In the Benguela upwelling 
system, recent major ecological changes strongly 
affected the population of the endemic vulnerable Cape 
Gannets Morus capensis and endangered African Penguins 
Spheniscus demersus. Gannet and penguin populations 
in South Africa plummeted by 60 and 70% respectively 
from the 20th century, mostly because of decreased 
food availability following an eastward shift of their main 
pelagic prey, anchovies and sardines. By contrast, Kelp 
Gulls Larus dominicanus are thriving in South Africa and 
South America. They are natural predators of seabirds, 
but their impacts have recently been distorted through 

human activities and strong management interventions 
have been put in place on some seabird colonies to limit 
their impacts on threatened seabirds. Knowledge of 
Kelp Gull foraging ecology in South Africa remains very 
limited, with little understanding of the different habitats 
used over the breeding cycle. The lack of knowledge of 
Kelp Gull foraging ecology prevents an understanding of 
the impact of anthropogenic and natural food availability 
on energy budgets, population dynamics and potential 
impact on seabird colonies. The objective of this study 
was to determine the influence of anthropogenic food 
sources on the gulls’ movement pattern and habitat 
use. We hypothesised that Kelp Gulls at urban colonies 
show reduced foraging effort and higher foraging habitat 
fidelity and spend most of their time in the breeding 
colony during the incubation period. 

Methods

Adult Kelp Gulls were equipped with miniaturized GPS 
loggers (CatTrack, Mr Lee Technologies) on 6 colonies in 
2017 and 4 colonies in 2018 during the breeding season 
in the Eastern and Western Cape of South Africa. All birds 
were incubating (2-3 eggs) and captured initially with a 
walk-in trap placed over the nest. GPS loggers (CatTrack/
I-gotU 44.5 x 28.5 x 13mm, ~20g, Perthold Engineering 
LLC/Mobile action) were attached to the back feathers 
of the gulls using Tesa tape. GPS loggers weighed ~20g, 
representing ≤ 2.7% of body weight. Loggers were 
programmed to record a position every 30 seconds in 
2017 and every 3 minutes in 2018. Gulls were recaptured 
with a noose over the nest after a period of 24 to 96 hours 
to remove GPS loggers and individuals were weighed and 
measured (head length, bill length and depth, wing length, 
tarsus length). In addition, blood and feather samples, 
cloacal swabs and diet samples were collected for further 
studies. GPS data of each gull were initially processed 
removing any points preceding logger deployment or 
succeeding GPS retrieval. Individual gull tracks were then 
uploaded into ArcMap 10.5.1 to separate trips and define 
start and end points for each complete trip. Trips were 
considered for analysis when they were longer than 10 
min and more than 50 m away from the nest. An Imagery 
Basemap was used to determine whether gulls were 
moving at sea or on land and to identify possible foraging 
areas on land. For each trip, maximum distance from the 
colony (greatest distance from last point on colony), trip 
length (sum of distance between all consecutive GPS 
locations) and trip duration (time between last and first 
location on the colony before and after a trip) were 
calculated. All statistical analyses were carried out in 
RStudio 1.1.463. 

Results

Here we show GPS tracks from 73 Kelp Gulls incubating 
in six different colonies between 2017 and 2018. Foraging 
distances and trip durations varied across colonies, with 
birds breeding in proximity to a landfill having shorter 
trips and relying more on anthropogenic food than birds 
breeding further away from anthropogenic food sources. 
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Conclusion

The results from this study suggest that even though 
Kelp Gulls are generalists, their diet is influenced by 
the availability of food sources in the vicinity of their 
colony and that more urban colonies are more likely to 
feed on anthropogenic food sources in comparison to 
colonies in more natural environments. The impact on 
population health of South African Kelp Gulls of feeding 
on anthropogenic sources is currently being investigated. 
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Pemba Bay has thousands of fishers using a dozen 
methods to catch a wide variety of marine species, with 
the catch an important source of income and protein 
for the local population. Like many fisheries, Pemba 
Bay may be overexploited according to local fishers 
and scientists. To date most fisheries improvement 
or management projects in the area have been fairly 
unsuccessful. One possible reason for these failures may 
be misunderstanding fishers’ motivations for fishing, 
choosing specific fishing methods and their willingness 
to change. This presentation discusses the factors that 
drive fishing decisions in these communities and their 
willingness to change both livelihoods or fishing methods. 
We sought to address 4 questions: why do people choose 
to fish? What are their main reasons for choosing a certain 
method of fishing? What are their perceptions of change 
in the fishery? And how have they dealt with this change 
and might they deal with change in the future? To address 
these questions, we looked at all available catch data 
for Pemba Bay from the national fisheries department, 
determining the average catch for boat owners and 
individual fishers per trip at four landing sites around the 
bay. We conducted semi-structured interviews with 120 
fishers, 300 additional household surveys and workshops 
in three communities around the bay. The most profitable 
fishing method for vessel owners is using a purse-seine 
net at night or a hybrid purse-seine net during the day 
in all years surveyed. For individual fishers, either hand 

line or gill net fishing is most profitable. The data do not 
show a decreasing trend in catch per unit effort (CPUE, 
effort here is measured in /boat*days) since 2012, with 
the exception of trap fishing which is steadily declining. 
Most fishers interviewed state that they do not have 
any choice but to fish (75%), would like alternative 
employment (84%) and do not want their children to 
fish (86%), indicating that for most locals fishing is not 
a lifestyle choice. Fishers using an individual gear: hand 
line, spear, trap or mosquito net, say they use it because 
they lacked the resources to use anything else (56%). In 
contrast, those using nets most often say they choose it 
for profit (34%). Sixty-eight percent of fishers say they 
would like to use a different fishing method, 27% would 
use gill nets. Only 7.5% say they want to use purse-seine 
nets. Most people say they would switch to a particular 
method because of the perceived increase in catch 
(60%). Finally, most fishers state that the fishery is worse 
now than when they started fishing (88%). In response 
to this perceived decline, most fishers (41%) mention 
increased fishing effort through increased distance, time, 
and/or amount of gear set when fishing, 40% state they 
do not do anything different and catch little. Only 9% 
indicate increased effort in alternative livelihoods such as 
farming. In summary, fishers in these three communities 
generally choose to fish because they do not feel they 
have any other options and many express a willingness 
to give up fishing if other opportunities exist. However, 
many do not consider farming a reasonable alternative 
to fishing. Furthermore, many fishers express willingness 
to change fishing gears. However, most do not believe 
they can afford to change methods without financial help. 
Currently, government fishing loans require the fisher 
to pay half as a down payment and fishers indicate this 
is more than they can afford. Most fishers indicate an 
awareness of the fishery’s decline, even though average 
CPUE has remained fairly constant through the study 
period. The most likely explanation for the discrepancy 
between catch surveys and fisher perceptions is that 
fishers are modifying their behaviours to maintain catch, 
although this is mostly increased effort at the same 
methods that are causing the problem. Unfortunately, 
most fishers believe themselves to be unable to change 
the situation. Fishers are willing to investigate alternative 
fishing methods but require education on the harmful 
effects of some of those methods they wish to pursue. 
The fact that local fishers are concerned about their 
fishery and willing to change suggests that fisheries 
projects in the area may be successful. The framework 
for a co-management project already exists and three 
community fishing councils are active in the area. 
Projects with extensive fisher participation, based on 
sound ecological, economic and social data are necessary 
to allow fishers to make choices about how they will 
deal with current and future stresses and to empower 
individuals and communities to affect change. 
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Background 

Substantial investment has gone into the establishment 
of community based marine protected areas despite 
the persistent challenges of translating the investment 
into societal benefits and improved conservation. Ideally, 
increased attention towards understanding, enhancing 
equity and governance to achieve social and conservation 
goals is desired by stakeholders. We present the 
governance assessment methodology developed by IIED, 
IUCN and GIZ; a framework used to understand and 
strengthen governance quality in protected areas, for the 
purpose of enhancing equity and effectiveness. We also 
present the results assessment carried out for the first 
time in a marine conservation context at the Kanamai 
beach management unit (BMU) in Kenya. 

Methods 

The methodology comprises an analytical framework 
of principles, a multi-stakeholder assessment process, 
methods and tools for five phases; preparation, scoping, 
information collection (key informant interviews and 
focus group discussions), self-assessment and action 
planning. In conducting the assessment, key BMU 
representatives conducted a comprehensive stakeholder 
analysis to identify candidates for the assessment, and 
prioritised good governance principles to focus on. 
Information was gathered via key informant interviews 
and focus group discussions covering five principles 
(participation; benefit sharing; transparency; fair and 
effective process for dispute resolution and achieving 
conservation). Questions explored participants’ 
experience and perceptions of what is/not working, 
and why, with the existing governance arrangement, and 
ideas for action to improve the situation. Data analysis 
was based on identifying patterns of strengths and 
weaknesses where a pattern is noted as a situations’ 
occurrence from at least two different group discussions 
or interviews. 

Results 

Participants reached a consensus that a probable result 
was a true reflection of the existing situation. Further, 
validation of governance strengths and weaknesses 
yielded ideas for action to improve the governance 
situation. 

Conclusion 

The framework is applicable to protected areas of 
any governance type and management category and is 
also applicable in governance monitoring and capacity 
building. An important strength of the IIED governance 
assessment is based on the foundation that provides 
a platform for key local stakeholders to contribute 
their ideas towards improved and quality governance. 
Collective responsibility and commitment is also 
enhanced to improve future governance processes.
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The study analyzed the performance of the Reanalysis 
1 data to the in situ (observation) data from Zanzibar 
Meteorological Office defined by 6.22ºS and 39.22ºE 
for the 2016. The in situ data were daily mean dry bulb, 
maximum and minimum temperatures and the daily mean 
sea level pressure. Similar parameters were used for re-
analysis 1 data at 2m and at 995 sigma levels, respectively. 
The statistical measures of central tendency including the 
mean, variance, percentage relative and root mean square 
errors (RMSE) were analyzed, and the daily variability of 
these parameters for the 2016 was plotted and analyzed. 
Moreover, correlation coefficients, analysis of variance 
(ANOVA) and the T – tests were performed. The results 
revealed that, the dry bulb temperatures the difference in the 
annual mean between the three data sets ranged from 1.05 
to 1.20C, and their difference in variance ranged from -0.19 
to 0.150C, respectively. The correlation between observed 
and the re analyzed daily mean temperatures at p <0.05 
ranged from 0.8 to 0.85, with the relative percentage error 
ranged from -2 to 10%, and a root mean square error of 
0.04 and 0.08 respectively. Moreover, the difference in mean 
and variance between the observed slp to the reanalysis 
data was 3.23 hPa and 7.78hPa indicating that, the variability 
in observed data was higher compared to gridded data. 
Besides, the two pressure data sets were poorly correlated 
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with a correlation factor (r) of 0.04 and the parentage 
relative error of -0.2 to 0.8% and RMSE value of 0.25. As 
for the, T tests the results showed that, the daily mean 
differences from these three data sets were not significant 
indicating that, the reanalysis data were mimicking the daily 
observed records. Conclusively, the results indicate that the 
gridded reanalysis 1 data can be used as a substitute of the 
observation data for remote areas, though long time data 
records are required to validate the findings. 
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Marine Protected Areas (MPAs) or Marine Reserves 
(MRs) have become a popular tool for conserving 
biodiversity and managing extractive activities. In Reunion 
Island, a national nature reserve has been established 
in 2007 in order to protect coral reefs and associated 
ecosystems (seagrass, sandy and rocky environments). 
Three levels of protection exist inside the MPA with 6% of 
sanctuaries (no authorized activities). This MPA contains 
currently 3500 species listed. However, the coral reefs 
are under increasing environmental and human pressure 
particularly due to their proximity to the coast. Indeed, 
this MPA is already under pressure: overexploitation of 
fishes, pollution from watershed, lack of communication, 
bleaching, cyclones, etc… Coral degradation has been 
observed since the 1970s with coral mass mortality first 
noted in 1983 and a reduction of 73% live coral cover 
between 1978 and 1994. With population predicted to 
reach one million inhabitants by 2030, there is an urgent 
need for sustainable coastal planning and development. 
Indeed, the first management plan was carried out for 
5 years (2013-2017). The features of the management 
had been identified: conservation, knowledge of heritage, 
education and sociocultural aspects. The four management 
plan components included: natural heritage preservation, 
sustainable development of uses, communication and 
sensitization and governance. In 2018, an external 
assessment has been initiated in order to evaluate 
both the percentage of achievement of actions and the 
effectiveness of management. Based on this assessment 
and the upstream thinking by the management team, 

working groups will be organized and facilitated in 
2019 in consultation with users. The purpose of this 
consultation is to work on the writing of the new action 
plan (2019-2023) in a shared and collaborative process. 
More than 170 stakeholders will be invited to participate, 
discuss around four themes: biodiversity, fisheries, uses, 
watershed to finally define together short term goals, 
dashboard, actions plan, collaborations, priorities. The 
evaluation reveals among others the need to develop 
communication and sensitization, to collaborate more 
with the local authorities and the government in the 
management of shark risk, investigate for the definition 
of actions to characterize and limit the degradation 
factors of the watershed, the need to sustain funding 
sources and to radiate and exchange more with other 
MPAs on the scale of WIO. This consultation will have 
to integrate a contex of shark crisis on Reunion Island, 
where the MPA is accused of being partly responsible for 
shark attacks since 2011. This conflict has created a gulf 
between some users affected (surfers) and the scientific 
community and/or the management team. The first group 
has “certainties” and wants immediate answers whereas 
scientists work on the basis of doubt and hypotheses, 
requiring a longer timeframe. Dialogue is therefore 
almost impossible when conceptions are so fixed, while 
both parties pride themselves in being defenders of the 
sea. Therefore, this process of consultation represents a 
huge challenge especially in terms of social acceptability 
but it would be a success story if the consultation is 
efficient and productive.
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Seaweed farming is a common practice among the 
coastal communities at the South coast of Kenya. The 
full potential of the cultured species is yet to be realized 
with farmers heavily depending on selling their produce 
to processing companies for extraction of carrageenan. 
There have been efforts to develop value-added products 
such as seaweed soap, shampoo and cakes to avoid 
overdependence on the processing companies as the 
sole market and improve household income. Commercial 
pectin is currently used as the gelling agent in fruit jam 
processing but there are a number of uncertainties 
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associated with it such as the farming of citrus fruits 
which are the source. The fact that farming involves a lot 
of grafting and genetic modification is a concern amongst 
consumers who now prefer to organic products. The 
present study involved extraction of gel from Eucheuma 
denticulatum seaweed and subsequently using it in mango 
jam production. Physicochemical parameters of the 
final product were assessed before it was subjected to 
sensory evaluation by a group of panellists. This was done 
concurrently with mango jam produced using commercial 
pectin. Jam produced using seaweed gel had a slightly low 
temperature, 25.43±0.14˚C, compared to that produced 
using commercial pectin,25.54±0.1˚C, although this was 
not significant at 95% confidence level, p <0.05) There 
was no significant difference in water activity, pH and 
moisture content between the two products despite 
seaweed jam recording slightly higher values for these 
parameters. The overall acceptability and spreading 
ability was rated significantly higher (p<0.05) for jam 
produced using seaweed gel compared to that produced 
using commercial pectin. Scores for appearance, aroma 
and texture for the seaweed jam was comparable to 
that of pectin jam (p>0.05) with a bigger proportion of 
assessors scoring highly for these sensory attributes. 
Efforts to develop quality control standards for fruit jam 
produced using E. denticulatum as the gelling agent should 
be developed and certification of the products done. This 
could help in commercializing the product thus helping 
in diversifying market for raw seaweeds and at the same 
time marketing of organic fruit jam with nutritional and 
health benefits. This study has demonstrated that gel 
extracted from E. denticulatum seaweed can be used as an 
alternative to pectin for production of fruit jam. The gel 
was successfully extracted from the seaweeds and used 
in the production of mango jam with physicochemical 
and sensory evaluations comparable to those of jam 
produced using the traditional gelling compound. Higher 
scores on texture and overall acceptability revealed that 
the readily available, cheap and natural seaweeds could 
be used as an alternative to pectin in the production of 
fruit jam. 
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Background 

Competition over water resources because of conflicting 
anthropogenic and environmental needs is a global 
challenge.  Typically, this struggle translates into large-scale 
water storage or logistic measures such as impoundments 
and abstractions. Most coastal rivers are selected to 
provide for domestic, industrial and agricultural purposes, 
whilst not providing sufficient flow to sustain ecological 
processes. Indeed, the order of use prioritisation is not 
equitably or logically settled. In some cases, particularly in 
urban areas, abstraction is not the overarching issue.  The 
use of critical estuarine environments has been extended 
to offerings of conduits or repositories of urban waste, 
actually increasing freshwater inflow to unnatural regimes. 
In urban areas in the context of north east South Africa, 
these occur either as a result of sustained freshwater 
inflows from waste water treatment works (WWTWs) 
or surges in runoff due to episodic events discharged to 
water courses and estuaries via storm water reticulation. 
The impact of this altered flow is evident on many 
systems regardless of their size, however these impacts 
appear magnified in temporarily open/closed estuaries 
(TOCEs) due to their small catchments (<100km2) and 
characteristically low flow rates. This has significant 
implications for estuarine mouth state, a key factor 
governing the health of an estuary. Increased freshwater 
inflow, whether sustained or episodic,  results in an increase 
in the frequency of mouth breaching. Post breaching, 
short term negative effects are evident in the estuary, 
particularly to the macrozoobenthos which are adversely 
impacted by sediment scour and prolonged exposure of 
the benthos.  These impacts have a significant detrimental 
effect on the functioning of the TOCEs, which despite 
their low connectivity with the marine environment, 
are highly productive undertaking an integral nursery 
function for many higher taxa including commercially 
important fish and invertebrates.  The focus of this study 
was to look at the estuary functional impacts of increased 
mouth breaching and the long-term manifestations of this; 
particularly should there be insufficient time between 
breaching events. 

Methods 

The uMhlanga Estuary is a perched TOCE situated ~20km 
north of Durban on the east coast of South Africa.  A small 
system, with a catchment of only 80km2 and natural mean 
annual runoff of ~0.4 m3 .s-1 (12.6 M m3 .yr-1), it is relatively 
well protected from a land cover perspective with little to 
no change surrounding the estuary. Conversely, instream 
effects are high with the uMhlanga catchment receiving 
a large volume of treated sewage from two waste water 
treatment works, the Mhlanga and Phoenix (5.9 ML.d-1 and 
27.6 ML.d-1 respectively).  This volume is anticipated to 
increase as urban growth occurs, with Mhlanga WWTW 
potentially going offline in the future, but Phoenix WWTW 
increasing to 50 ML.d-1 to cater for the increased demand. 
This increase in treated sewage has resulted in an increased 
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breach frequency, with breaching typically occurring twice 
monthly. To assess the affect that this change has had on 
the ecology of the system a collation of the historical data 
sets 1998, 2002, 2003 and 2009 as well as a current 2019 
study provided us with a unique opportunity to assess 
the long term impact of increased and sustained flow 
on an estuary and its implications for estuarine function. 
All macrozoobenthic samples were collected from the 
same sites within the estuary (upper, middle and lower), 
at the same time of the year. Samples collected were 
identified to the lowest taxonomic level, enumerated and 
weighed. Corresponding physico-chemical samples were 
collected to characterise the physical environment. Data 
was root transformed and nMDS-ordinated by means of 
a Bray-Curtis similarity index with group average linking 
using the predictors ‘year’ and ‘station’ before spatial 
and temporal analysis. Taxa responsible for the observed 
grouping where shown through the similarity-percentage 
breakdown routine.

Results 

A clear change in the macrozoobenthic community 
occurred post 1998. This included a significant decline 
in richness and abundance and a change in the dominant 
species present. Overall, post 1998 macrozoobenthic 
abundance was an order of magnitude lower between 
(1998: 17 640±7814 and 2002: 732±975 respectively), with 
species richness declining to 4±3 in 2002 compared to 
14±1 in 1998. This overall decline in richness and biomass 
did not improve through the subsequent periods. Not only 
was there an overall decline in richness and abundance 
but there was also a significant change in the species 
composition post 1998. The macrozoobenthic community 
in 1998 was characterised by species including Prionospio 
multipinnulata, Desdemona ornata and Grandidierella lutosa. 
Subsequent years were characterised by fewer hardier, 
opportunistic species including Ceratonereis keiskamma 
and Capitellidae sp. This change can be attributed directly 
to the increase in discharge from the WWTWs. Discharge 
from the Mhlanga WWTW commenced in 1975 with the 
Phoenix WWTW being operational from 1985. Combined 
discharge volumes however remained low (<5 ML.day-1). 
These volumes have steadily increased to the high flow 
rates we see today (>30 ML.day-1). The effect of increased 
discharge from the WWTW was not immediately evident, 
making it likely that there is a level of buffering with regards 
to flow rates existing within the estuary. By 1998 sewage 
volumes had already reached ~19 ML.day-1, however it 
was only once a tipping point was reached and a significant 
increase in mouth breaching occurred that a rapid decline 
in the ecological state of the system occurred.

Conclusion 

The overall decline in the ecological state of the estuary as 
a result of the WWTW provides great concern for TOCEs 
into the future. In South Africa TOCEs comprise 71% of 
the 290 estuaries present, dominating numerically and in 
spatial coverage, primarily occurring on the east coast of 

KwaZulu-Natal (KZN). Many of these systems occur in 
rapidly urbanising areas making them vulnerable to change. 
This rapid urbanisation is also evident throughout the 
western Indian Ocean region, and cognisance of the lessons 
learned in the Mhlanga Estuary and the potential impact 
of rapid urbanised growth can have on these systems is 
needed, particularly where more coastal friendly options, 
such as marine outfalls are not an infrastructure option. In 
addition, this study can potentially provide insight into how 
these small systems will react to climate change. Future 
climate models for KZN predict increased and sustained 
rainfall of 0.1 and 0.3 mm.day-1 dependent on season, likely 
to result in increased freshwater flow into TOCEs, with 
increased breaching frequency. Here, increased breaching 
frequency has a negative impact on the macrozoobenthos 
and therefore the greater estuary-associated food web. 
These findings highlight the sensitivity that these TOCEs 
have with regards to anthropogenic and anticipated climate-
related altered freshwater flow and the subsequent negative 
impact it can have on the ecology of the system. 
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Background 

In October 2018, the South African cabinet approved twenty 
new Marine Protected Areas to advance ocean protection 
from 0.4 to 5% of the ocean area around South Africa. This 
achievement was based on the outputs of several systematic 
conservation plans including the five year Offshore Marine 
Protected Area Project, a six week intensive Ocean 
Economy lab in 2014 and a five year process involving 
further stakeholder consultation, technical work and 
balanced compromise to achieve MPA Network objectives 
while addressing key social and economic concerns. 
Although the Operation Phakisa Oceans Economy lab was 
named for the Sesotho word for “Hurry up”, progress took 
longer than anticipated. In 2019, a first national integrated 
coastal and marine spatial biodiversity plan is being used to 
identify further biodiversity priority areas in South Africa’s 
oceans to support the emerging Marine Spatial Planning 
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Framework and the identification of a potential further 5% 
of coastal and marine area for protection to reach a 10% 
target. Both of these initiatives are also planned outcomes 
from the Ocean Governance and Protection component 
of Operation Phakisa. This presentation shares progress 
and lessons in the application of spatial biodiversity and 
human use data to identify biodiversity priority areas for 
use in spatial coastal and ocean management. Key input 
data sets, the technical planning approach and key lessons 
in advancing from protected area design to broader spatial 
planning will be shared. 

Methods 

A Critical Biodiversity Area (CBA) Map is a spatial plan 
for ecological sustainability, identifying Critical Biodiversity 
Areas (CBAs) and Ecological Support Areas (ESAs) which 
together with Protected Areas are important for landscape 
and seascape functioning. South Africa has an established 
community of biodiversity planning practitioners whose 
collective experience established this approach, first on land 
but later expanding into aquatic ecosystems. Between 2006 
and 2010, an offshore (30 m to Exclusive Economic Zone 
boundary) systematic biodiversity plan was used to identify 
Focus Areas for Offshore protection based on more than 
500 data layers used in MPA planning. These same layers 
supported the spatial assessment of marine biodiversity 
in the National Biodiversity Assessment 2011 with the 
2018 assessment recently completed. The focus areas 
for protection were used along with other information 
to identify Ecologically and Biologically Significant Areas 
(EBSAs) with the regional process led by the Conventional 
of Biological Diversity (CBD) playing a key role in terms of 
international endorsement of these priority areas. They are 
currently being revised in a regional process to refine the 
boundaries of existing EBSAs and propose new ones based 
on new information. To develop the first coastal and marine 
CBA map, the technical guidelines and concept developed 
for the terrestrial realm were adapted for application in the 
estuarine and marine realms with explicit edge matching 
to the existing terrestrial CBAs to facilitate integrated 
management of the land-sea interface. 
Results 

The journey from scientists designing protected areas to 
real-world implementation of broader conservation and 
management action has taught us many lessons including 
patience, the value of stakeholder participation from the 
outset, effective communication regarding planning and 
protection benefits and the willingness to negotiate. Even 
when it seems that there is little traction for science based 
management action, it is important to persist in building 
the knowledge base and stakeholder relationships and to 
innovate in planning for improved ecosystem mapping, 
assessment and integrated planning. The key data sets for 
this work included maps of marine and coastal ecosystem 
types, some species-specific information, protected areas, 
and the extent and intensity of human use. The critical 
success factor in the technical planning approach was the 
use of optimisation algorithms to represent biodiversity 

in a spatially efficient configuration, favouring sites in good 
ecological condition and avoiding conflict with existing 
human use where possible. Both the Offshore MPA project, 
EBSA revisions and the CBA map relied on systematic 
conservation planning outputs generated using Marxan 
to guide the spatial prioritisation. The Coastal and Marine 
CBA Map consolidated the past and current initiatives, 
providing key inputs into the emerging MSP in South 
Africa, and a single prioritization from the biodiversity 
sector. Five categories of spatial priorities were identified 
including existing Protected Areas, 2 types of CBAs and 
2 types of ESAs. Each of these categories has a different 
oceanmanagement objective, with implications for 
different sectors, including: environmental authorisations, 
fisheries management, mining applications, water use 
licensing, and aquaculture zones. Although each CBA map 
category has a clear management objective, regional and 
global collaboration would strengthen the development of 
more detailed sea-use guidelines per category. 

Conclusions 

South Africa has made significant advances in coastal and 
offshore conservation and management over the last 
10 years. The shift from planning with a sole purpose of 
protected area design to broader integrated planning 
to inform strategies, action and decision making is 
foundational to supporting a sustainable ocean economy
.
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Temperature is one of the primary factors controlling 
physiological and life history functions in aquatic 
organisms. Presently temperature changes are evident, 
yet not similar, on all continents and in the oceans. 
Temperature changes are responsible for causing shifts 
in aquatic organisms’ phenologies, physiological and 
behavioural traits, geographic ranges, productivity, and the 
disruption of diverse species interactions. Understanding 
the effects of anthropogenic climate change on the 
physiology of organisms is therefore one of the many 
urgent challenges faced by contemporary science. 
Furthermore a systemic, rather than specific approach, 
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like incorporating several taxonomic groups to thermal 
tolerance studies, would holistically enable to identify 
which community components are more vulnerable to 
climate change. The aim of this study was therefore to 
determine the thermal vulnerability of selected key marine 
ectotherms and species depending on their distribution 
range (Biogeographic affinities), habitat (estuarine and 
rock pools), and degree of motility for summer and winter 
in the warm-temperate Kariega Estuary and adjacent 
intertidal coastal environment. To achieve this, the 
following objectives are pursued: to 1) Analyse long-term 
water temperature records from temperature loggers 
placed in the Kariega Estuary and adjacent intertidal gullies 
(SAEON HOBO loggers; 2) Determine the thermal limits 
of selected fish and invertebrates from different habitats; 
3) Compare long-term water temperature records 
from different habitats to upper and lower temperature 
tolerance of fish and invertebrates species to determine 
which species lives closer to their upper and lower 
thermal limits and which species may be more vulnerable 
to the effects of anthropogenic climate change. Fish and 
invertebrates were collected using seine nets, cast nets, 
dip nets and/or by hand. Organisms were transported 
live in aerated containers from the Kariega Estuary or 
intertidal habitat (rock pools) back to the Ecophysiology 
Lab in Grahamstown, where they were acclimated at the 
water temperature in which they were collected in the 
field. Water temperatures were then either increased 
to establish the Critical thermal maximum (CTmax) or 
decreased to establish the Critical thermal minimum 
(CTmin) at a rate of 1ºC/hour until an organisms reached 
its endpoint, which was indicated by a loss of equilibrium 
(fish) or a loss of righting response (invertebrates). The 
results for the CTmax and CTmin experiments revealed 
large variability in the in the thermal limits of fish and 
invertebrates from the intertidal rock pools and Kariega 
Estuary habitat. For the fish species, the average CTmax 

ranged from 31.6ºC (Chaetodon marleyi) to 37.8ºC (Kuhlia 
mugil) in summer and 32.3ºC (Rhabdosargus holubi) to 
37.1 ºC (K. mugil) in winter.  For the invertebrates, average 
CTmax ranged from 31.3ºC (Parechinus angulosus) to 
38.9 ºC (Perna perna) in summer and 27ºC (P. angulosus) 
to 39.2ºC (Parasesarma catenata) in winter. The average 
CTmin obtained for all species ranged from 4.3 ºC (P. perna) 
to 11.2ºC (C. marleyi) for summer and 3.7ºC (Palaemon 
peringueyi) to 8.2ºC (K. mugil) in winter. Average CTmin 
values were lower for all species in winter, with the 
temperate Diplodus capensis able to tolerate temperatures 
as low as 6.5ºC in winter as opposed to 8ºC in summer. 
Overall, the range of environmental temperature observed 
during the study fell comfortably within the thermal range 
of all fish and invertebrates summer maximum and winter 
minimum temperature tolerance. However, the CTmin of C. 
marleyi (11.2 ºC) was close to the minimum temperature 
observed in the estuarine habitat (12.2 ºC) in summer 
and these species were not present during winter.  Also,  
P. angulosus thermal limits (31.3°C summer, 27°C winter) 
were close to the winter maximum temperature (25.1°C) 

in the rock pool habitat.  Also, with the effects of increased 
temperature variability in the form of extreme events 
(upwelling, hot and cold spells) in this warm temperate 
region as an effect of anthropogenic climate change, warm-
water fish species such R. holubi may be vulnerable. Overall, 
these findings suggest that the species composition of 
this coastal and estuarine area may remain similar in the 
short term. However, if a temperature increase of 2-4°C 
takes place, as well as an increase in extreme events, in 
this warm-temperate region at the end of the century 
as predicted by the Intergovernmental Panel on Climate 
Change (IPCC), it is likely that species, such as the tropical 
Chaetodons will become more abundant in this region, 
and P. angulosus and R. holubi will be vulnerable to increased 
upwelling events. 

Keywords: estuarine, ecophysiology, intertidal, thermal 
tolerance, warm-temperate region
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Background 

Increasing pressures on artisanal fisheries resources 
in northern Mozambique have motivated a number of 
community-based fisheries initiatives in recent years, 
mirroring trends towards more localised approaches 
to fisheries management in the wider Western Indian 
Ocean (WIO). These initiatives include the establishment 
of Locally Managed Marine Areas (LMMAs) adapted to 
the context of Mozambique’s fisheries co-management 
framework, which provides a basis for management by 
local communities through Community Fishing Councils 
(CCPs). Such initiatives have generally been supported by 
NGOs working with government and local communities. 
With a coastline of over 400 kilometres, Cabo Delgado 
encompasses a diversity of social and ecological conditions, 
which are likely to result in different management outcomes 
at the site level. There is considerable interest from the 
literature in understanding how diverse social, ecological 
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and institutional factors interact in order to identify general 
principles for the design of successful governance systems 
and provide better guidance to managers about where 
to focus management interventions. Objectives/research 
questions In this paper, we adopt a social-ecological 
systems (SESs) approach to explore relationships between 
four dimensions of social-ecological systems (Governance 
System, Actors, Resource Units and Resource System) in 
six northern Mozambique fishing communities. Our study 
was guided by the following research questions: How do 
social and governance dimensions (governance system and 
actors) relate to ecological dimensions (resource units 
and resource system); How do these relationships vary 
across sites? and What social, governance and ecological 
dimensions are priority in achieving social-ecological 
sustainability? 

Methods 

Ostrom’s (2009) framework for analysing sustainability 
of social-ecological systems was used to identify variables 
under the four dimensions. The study did not investigate 
all variables in these four components of socio-
ecological systems, but represents a first step towards 
their characterisation. As such, a total of 11 variables 
were matched to availability of previously collected 
data across six fishing communities where efforts to 
implement community-based fisheries management 
have been in place since 2014. Governance variables 
were collected through structured questionnaire 
administered to the CCPs, while the Actors variables 
came from a household surveys. Resource Unit variables 
were derived from fisheries monitoring conducted in 
the six villages whereas the Resource system came from 
underwater visual census (UVC) surveys. Each variable 
was normalised to a scale of 0-1 based on the quantile 
distribution of the original data. The variables were then 
nested under the four dimensions and weighed to a 
cumulative weight score of one. A Principal Component 
Analysis was used to detect the correlation between 
variables in each dimension and between the dimensions. 

Results 

The first Principal Component (PC1) explained 72.7%, 
48.6%, 85.9% and 89.9% of variance in the Governance, 
Actors, Resource Units and Resource System variables 
respectively. The PCA loadings of Governance variables 
showed Rules in use in fishing communities to be positive 
correlated to PC1 (R=0.91) in contrast to Organisation of 
the fishing communities that was negatively correlated (R=-
0.78). This suggests existence and awareness of fisheries 
management rules such as temporary and permanent 
closures in fishing communities, is an important variable 
describing the Governance System. However, a strong and 
functioning CCP was a pre-condition to the Governance 
System. The main variable defining the Actors System was 
percentage of non-migrant fishers, which was positively 
correlated to PC1 (R=0.89). All variables under Resource 
System showed positive correlation (R>0.82) with PC1 as 
explained by productivity of the ecosystem represented 
by fish biomass and species diversity and equilibrium 
properties denoted by coral reef resilience and size of 

resource system under co-management. The Governance 
and Actors dimensions were positively correlated, and the 
same for Resource Units and Resource System. However, 
Governance and the ecological dimension variables - 
Resource Units and Resource System, showed weak 
negative correlations.  The relationship between the Actors 
and ecological dimensions was not clearly defined. Based 
on the variables assessed, four main groupings were found 
amongst the six communities defined by a strong social-
ecological system in Quiwia and Quirinde, a strong social 
system coupled by weak ecological system in Nsangue – 
Ponta, a healthy resource system paired with a weak social 
system at Quifuque and a weak socio-ecological system in 
Lalane and Malinde.

Conclusion 

The findings suggest the importance of understanding 
each of the component parts of a socioecological system. 
A functional CCP provides a foundation for establishment 
of fisheries management rules that define Governance 
System. Therefore, building the capacity of CCPs is likely 
to improve their functioning and the overall Governance 
system. Membership to a village saving loan association 
(VSLA) and diversification of livelihoods are considered 
important in improving social cohesion, and should be 
encouraged, as they would reinforce the Actors System. 
Given a scenario of large numbers of migrant fishers in 
all communities, promoting their involvement in VSLA is 
likely to improve trust and adherence to management 
rules. The species-rich ecosystems found locally offer 
fishermen the ability to switch from less to more 
abundant fish species. Therefore measures to protect 
fish species and their habitats through establishment 
of LMMAs and enforcement of spatial closures would 
improve the Resource Units and Resource System. 
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Background 

Ocean-exposed fringing coral reefs show high fish biomass 
of up to 1,100 kg/ha; however, they are often ecologically 
underrepresented in Marine Protected Areas (MPAs). These 
reefs transcend between photic and mesophotic zones and 
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provide a wide range of habitats for fish movement and 
habitat use. Information on fish and habitat types found in 
such reefs can play a crucial role in conservation planning 
and zoning of MPAs, which protect coral reefs from 
anthropogenic disturbances, thereby increasing coral reef 
resilience to climate change. Examining the size-abundance 
distribution of fishes can be informative when comparing 
marine areas with different levels of protection e.g. fished 
(open access) and unfished (protected) areas. Distributions 
can be compared by determining the types of size-abundance 
distributions that dominate (i.e. monotonically decreasing, 
unimodal or multimodal); or evaluating the size-abundance 
relationships and comparing the size spectra slope in 
relation to the “Biomass Equivalence Rule” (BER).  The rule 
states that on logarithmic scale, the slope of body size and 
density is close to -1.  The aim of this study was to use fish 
size-abundance distributions to assess effectiveness of area-
based protection within ocean-exposed fringing reefs of the 
western Indian Ocean (WIO). Research questions What 
fish size-abundance distributions and dominant species 
characterise levels of protection found at ocean-exposed 
fringing coral reefs? What fish sizes characterise the levels 
of protection found at ocean-exposed fringing coral reefs? 
Which level of protection has a slope close to BER? 

Methods 

Data were collated from benthic and fish surveys carried 
out on ocean-exposed fringing coral reefs between 2009 
and 2015 at 24 sites across four WIO countries: Tanzania, 
Mozambique, Comoros and Madagascar. Each site was 
assigned a level of protection depending on level of 
management and enforcement of the management rules, 
which ranged from Fished sites (F) - no management in 
place at all; Moderate Protection (MP) - MPA gazetted 
and established though effectiveness weak due to poor 
enforcement; and Protected (PR) - MPA gazetted or 
tourism zone with informal rules, and enforcement good. 
Multivariate analyses on density and biomass data were 
used to examine fish community structure in relation 
to levels of protection and benthic characteristics. 
Species contributing most to the observed pattern of 
similarity were identified using SIMPER and BEST analysis 
in PRIMER. Differences in the level of protection were 
assessed from fish length-density distribution for all 
species and each of the BEST species, which also helped 
determine the dominant distribution types. Further, 
length and density data were log transformed and the 
slopes of three protection levels were compared to BER. 

Results 

MDS results of biomass data showed a significant but 
weak grouping of sites based on the levels of protection 
(ANOSIM Global R = 0.297; p=0.002). The pattern in fish 
density was not significant.  A total of 33 species out of 
147 species were found to drive the patterns of similarity 
in these reefs. These included species from 9 families, with 
60% of the species drawn from Acanthuridae, Lutjanidae 
and Scaridae. Length-abundance distributions of the three 
levels of protection showed unimodal distributions with 
a clear peak at 13cm total length (TL). However, fish 

densities at this peak length were significantly higher 
in Protected sites at1853.7 ind./ha followed by Fished 
at 1356.6 ind./ha and Moderate Protected sites at 742 
ind./ha. Higher densities of larger fish (25-35cm TL) and 
(90-105cm TL) were found in Moderate Protected sites 
compared to Fished. SIMPER identified four species that 
were consistent in showing the differences in the levels of 
protection: bullethead parrotfish (Chlorurus sordidus), big-
eye emperor, Monotaxis grandoculis, dory snapper (Lutjanus 
fulviflamma) and bluespine unicornfish (Naso unicornis). 
These species showed higher densities in Protected sites 
compared to other management sites except Lutjanus 
fulviflamma, which were more abundant in Moderate 
Protection sites. Linear regression of log transformed 
fish length and density data showed highly significant 
relationships (r2>0.69) with negative slopes ranging from 
-0.0265 to - 0.0605, all far from -1 as expected in BER. 

Conclusion 

Protection of ocean-exposed fringing reefs has the 
likelihood of increasing fish densities of 10-15cm and 
55-60cm size classes by 1.5 and 13 folds respectively. 
Moderate Protection is associated with higher 
densities of dory snapper (Lutjanus fulviflamma) further 
suggesting the importance of connectivity between 
mangroves and coral reefs since their juvenile phase is 
in mangroves. Lack of large sized fish meant that the 
biomass equivalence rule did not apply at the sites 
examined in this study. However, size spectra analysis 
offers alternative and additional evidence to support an 
increase in the protection of currently underrepresented 
ocean exposed fringing coral reefs. 
Keywords: Marine Protected Areas, size spectra, 
unimodal distribution, coral reefs
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Background 

Northern Mozambique has the highest levels of marine 
biodiversity in the Western Indian Ocean (WIO) region. 
Critical habitats such as coral reefs and species of 
conservation concern such as Bolbometapon muracatum 
(Bumphead parrotfish) and Cheilinus undulatus (Napoleon 
wrasse) have been recorded in the region. However, the 
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region is among the poorest in the country and coastal 
communities are highly dependent on marine resources. 
Declining fisheries stock have been reported and attributed 
to increasing fishing pressure from resident and migrant 
fishers and the use of unsustainable gears. Maintaining 
a business as usual scenario will threaten the health of 
the marine ecosystem and people’s livelihoods. Fisheries 
indicators are commonly used to measure impacts of 
fisheries management interventions. They can help detect 
change in the state of the fisheries over the period of a 
project. The objective of the study was to track achievement 
of two objectives set out in Our Sea Our Life (OSOL) using 
fisheries indicators notably: a) Decreasing trends in biomass 
of key fisheries species (and key biodiversity metrics) halted 
or reversed within pilot Community Fisheries Councils 
(CCPs) management areas by year 3. b) Increasing trends in 
populations of 5 flagship IUCN red list species within CCP 
management areas by year 3. 

Methods 

The state of the coastal fisheries in the OSOL project 
sites in Palma and Mocimboa da Praia, Cabo Delgado 
was compared before and after the start of the project’s 
conservation interventions. Fishery catch landings were 
monitored through creel surveys in northern Cabo 
Delgado spread over 80.13km of coastline in six villages. 
Baseline fisheries data collection took place in 2014, while 
the “post intervention”, was made in 2016. This study used 
data collected in the months of September to December 
as the replicable months spread over three years 2014-
2016. Three broad activities designed to support coastal 
communities in establishing Locally Managed Marine Areas 
(LMMAs) were used to categorise the sites into Control 
and Impact sites. These included support to the CCPs, 
establishment and development of LMMAs and progress 
made in savings by village savings loan associations 
(VSLAs). These activities were not uniform across all 
project sites, and therefore lends itself to a Before, After, 
Control, Impact (BACI) design approach. The BACI design 
analysis resulted in grouping 2014-2015 data as Before 
and 2016 data as After and used the following metrics 
to assess the changes: Catch Per Unit Effort (CPUE) and 
relative abundance of species were selected as reliable 
and replicable indicators in this study. Trends in CPUE, 
biomass of key fisheries species and 5 flagship IUCN Red 
List species. A two-way ANOVA was used to compare the 
mean differences in CPUE between period (Before and 
After) and sites (Control and Impact). This was done for 
both gears and species CPUE. 

Results 

Overall CPUE at Impact sites was significantly lower than 
at Control sites, in both the Before period and the After 
period (F=2.797; p=0.0394). ANOVA found no significant 
differences in gear CPUE between Before and After periods 
and between Impact and Control sites except for spearguns 
(Before vs After F= 4.376; p=0.0393) and mosquito nets 
(Control vs Impact; F= 10.59; p=0.0017). In the After period, 
three flagship species Epinephelus fuscogutttatus (Marbled 

grouper), Plectorhinchus laevis (Coral trout grouper) and 
Cheilinus undulatus (Napoleon wrasse), were recorded in 
catches at Impact sites but not at Control sites. A significant 
increase in species CPUE was recorded from Before to 
After periods but in both Control and Impact sites. Only 
three species did not show this pattern: Siganus sutor 
(Shoemaker spinefoot rabbitfish) increased in CPUE over 
time in Control sites but a decrease was recorded at Impact 
sites; Variola louti (Yellow-edged lyretail) CPUE increased 
at Impact sites and decreased over time at Control sites 
and Naso brevirostris (Spotted unicornfish) showed a strong 
decrease in CPUE over time, at Impact sites with a marginal 
increase at Control sites. 

Conclusion 

Total aggregated CPUE (all gears and all species lumped) 
provides no evidence that the project’s interventions have 
had any impact on catches. Trends in CPUE at Impact 
and Control sites did not differ in a direction that could 
be attributed to the conservation activities, and the 
After period did not show higher CPUE at Impact sites 
compared with Control sites. Species CPUE did not 
provide evidence of an effect at the project intervention 
sites (Impact sites) but instead recorded increasing CPUE 
at all sites suggesting the increase is due to other factors. 
Aggregating all fishing gears into a total CPUE can mask 
changes. However, gear based CPUE analyses provided 
little evidence for higher CPUE in any gears at the Impact 
sites in the After period. Catches of E. fuscogutttatus 
(Marbled grouper), P. laevis (Coral trout grouper) and C. 
undulatus (Napoleon wrasse) showed some evidence for 
an improvement in the population abundance of these 
three important flagship conservation species (Vulnerable 
or Endangered on the IUCN Red List) using catch biomass 
as a proxy for population biomass. 

Keywords: Indicators, Catch Per Unit Effort, Before 
After Control Impact, Flagship species
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Background 

Flow cytometry is a technology that measures optical 
attributes of a single particle or organism flowing through a 
fluid medium. The instrument is made up of three systems: 
fluidics, optics and electrics. The fluidics system transports 
the particles to the light beam, where the optics system 
illuminates the particles and returns the light to the 
appropriate detectors and the electronics system converts 
the detected light signals into electronic signals that can 
be recognized by a computer and analysed using special 
software. The application of flow cytometry is vast with 
applicability in many different fields of science. Of interest 
is using this technology for counting and determination 
of phytoplankton taxa based on the signature of pigments 
found in different plankton. 

Methodology 

Water samples were collected during the International 
Indian Ocean Expedition 2 onboard the SA Agulhas II 
during the July 2018 cruise around the coasts of Tanzania 
and Comoros Islands. 15ml of water was taken from 
the surface and Fmax on every station. These samples 
were preserved with 1% formalin and stored at -20°C 
until further analysis. These samples were fully defrosted 
and 1ml of sample was analysed in triplicate using a BD 
Accuri™ C6 Cytometer. This particular cytometer has the 
ability to conduct absolute counting by calculating volume 
analysed thus making calculating a biomass a very simple 
task. Using the standard model “3 blue 1 red”, 480nm 
emissions are read on the FL1, FL2 and FL3 lasers (blue) 
and 640nm emissions are read on the FL4 laser (red). 

Results 

The forward and side scatter detector yielded information 
on the relative size and complexity of the cells analysed 
when compared to each other. This analysis gave results of 
nano- and picophytoplankton (0.2µ - 20µm). Chlorophyll 
(detected by red laser, wavelengths >640nm) is present 
in all photosynthetic organisms therefore on its own 
cannot be used to distinguish between taxa. But this can 
be used to determine the biomass of the photosynthetic 
organisms i.e. phytoplankton that is alive and the base 
of production. Using the accessory pigments found in 
an organism, taxa can be distinguished. Using the most 
abundant of these, phycobilins (wavelengths between 450 
– 650nm) and carotenoids (wavelengths 450 – 490nm) 
broad taxa identification was accomplished. Species level 
determination of marine free-living procholorophytes was 
of interest. This group was discovered in 1988 with the use 
of an early flow cytometer and are too small for detection 
through traditional microscopy. The pigment composition 
of marine Synechococcus and Prochlorococcus produces a 

very characteristic signature. Both taxa have a similar level 
of both forward light scatter and side scatter, although 
Synechococcus tends to give a slightly higher signal. However, 
Synechococcus cells are easily recognized by the large 
orange fluorescence due to their phycobilins, compared to 
prochlorophytes, which lack this. To the authors knowledge 
this is the first flow cytometry results for the open ocean 
in the region of Tanzania and Comoros. 

Conclusion 

Flow cytometry allows fast, accurate and reliable results 
without the intensive training of other techniques. 
Traditional microscopy does not allow the same or even 
comparable sample turnover rate that flow cytometry 
offers. This means flow cytometry is less time-consuming 
and over time more affordable that traditional microscopy. 
With respect to very small picoplankton and viruses flow 
cytometry comes into its own as it is fast becoming the go-
to method for analysis of these groups. 

Keywords: Flow cytometer; Comoros; Tanzania; 
picoplankton; Synechococcus; Prochlorococcus 
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Background 

Habitat classification is a system used to define and 
categorize habitat types using standard terms and 
descriptors in a consistent way. Classification is often 
based on geophysical, oceanographic and biological data. 
Although appearing uniform, unconsolidated sediments 
form complex habitats; including sand waves, rippled bed 
forms, biological creations like polychaete tube fields 
and bioturbated surfaces from organism movement and 
burrowing activities. Thus, they provide habitat structures 
for highly diverse and dominant groups of benthic 
marine infauna. The unique geomorphological setting and 
local oceanographic features along the east coast shelf 
of KwaZulu-Natal (KZN), particularly at the wider KZN 
Bight, play an important role in influencing the seafloor 
habitat structures. Considering the recent knowledge on 
macrobenthic community structure, distribution, feeding 
mechanisms, local habitat drivers and sediment distribution 
along the KZN shelf, it is evident that sediment attributes 
such as grain size (sand, mud and gravel), sediment texture 
and sorting influence the distribution of macrobenthic 
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assemblages. Hence, spatial variability of macrobenthic 
communities, their various species complements, functional 
traits and biological attributes can reveal the combined 
effects of multiple habitat and environmental gradients. The 
growing focus on the study of macrobenthos in South Africa 
has prompted the need to identify and describe the types of 
habitats which they are found in or adjacent to where they 
are associated. Most existing habitat classification schemes 
were developed for specific geographical points that are 
not comparable to others. Our aim for this study is to 
provide a method and the first coarse classification scheme 
for sediment habitats of subtropical east of South Africa. 

Methods 

With various methods relevant to conduct benthic 
habitat characterisation, here we make a first attempt 
at integrating geological and biological methods 
applicable to the east coast of South Africa’s seafloor 
habitat classification. The sampling stations were set 
along transects that divide the focus areas into three 
sub-regions; northern KZN (north of Richards Bay), 
central KZN (uThukela) and southern KZN (Durban). 
Each station was surveyed using a remotely operated 
vehicle (ROV) for video recordings of habitat and epifauna, 
a drop-camera for still photography with a quadrat stand 
for quantified visual assessment of habitats and sediment 
grab samplings within the depth range of 40-175m. Analysis 
for the underwater videography and photography included 
borrowed methods from coral reef coverage to develop a 
novel method that is validated and ground-truthed by physical 
sampling of sediments for sedimentological properties and 
biodiversity assessment. The classification scheme was put 
together with reference to existing, accepted schemes and 
previous data on the sedimentary characteristics of the 
KZN shelf. The process of identifying and characterising 
the habitats was focused on unconsolidated sediments 
at a fine scale. Distance based redundancy analysis 
(dbRDA) ordination plots was conducted to evaluate the 
relationship between sediment types that best describe the 
variation in macrobenthic assemblages among the sampled 
stations. A principle canonical analysis (PCA) was used for 
visualization of sediment distribution in relation to selected 
environmental variables. 

Results 

This study developed a six-level hierarchical classification 
scheme commencing with the higher realm (marine 
environment) at level one, followed by the three broad 
habitats (continental shelf, slope and abyssal plain) 
differentiated based on physiographic features and 
characteristics of water column. Level three differentiates 
between the photic and apohtic zones and the fourth 
level identifying unconsolidated benthic habitats based on 
substrate type (gravel, sand, mud, biogenic structure etc). 
Level five focuses on each of the substrate types at a finer 
scale, with level six linking the macrobenthic assemblage 
to their associated habitat. Data analysis from underwater 
videography, photography and sediment samples revealed 
high habitat variability between the sampled regions, 
despite a common region (coastal topography and species 

biogeography) on the east coast. The dbRDA ordination 
plot revealed how various macrobenthic assemblages 
were correlated to the different sediment types. From the 
PCA, it was noted that the North of the Richards Bay 
sub-region was characterised by fine to very fine sand, 
significantly different to the muddy, fine to coarse sand 
habitats in uThukela sub-region. Offshore of the Durban 
was characterised by medium to fine sandy habitats with a 
mixture of sediment and reef habitats. The macrobenthic 
community assemblages agreed with the habitat differences 
in sub-regions in that they were not uniform and reflected 
the heterogeneous substrate type even over relatively 
short distances. Interestingly, although videography and 
still photographs pointed to soft sandy habitats, validation 
through grab sampling proved that there is an abundance 
of low-profile reef systems consistently smothered 
by a thin layer of sandy, muddy and gravel sediments. 
Sediment samples revealed macrobenthic communities 
unique to mixed sand/covered reef microhabitats and 
unconsolidated substrate habitats. In depth community 
analysis further revealed the decency of the fauna to the 
mixed habitat types in that the biological traits of some 
species require a hard substrate. 

Conclusion 

The habitat classification scheme developed in this study 
has shown how heterogenous habitats along the shelf of 
KZN go beyond what is currently used as habitat scheme 
for planning and conservation purposes i.e. sand, mud and 
gravel. The two visual methods explored highlighted the 
limitations of using only the underwater videography and 
still photography data, as they reveal only the epibenthic 
characteristics of the seafloor habitat. On the other 
hand, sediment sample gave more detailed and relevant 
information about the various habitats present along the 
shelf. Thus, it is important to use two or more methods 
for identifying and characterising the seafloor habitats 
with regards to unconsolidated sediments, in particular if 
validating with actual benthic community attributes. The 
identified macrobenthic species/communities in relation to 
the types of habitats present along the KZN shelf reflect 
a broad range of habitats and biotopes unique to the east 
coast of South Africa. Knowledge generated from this study 
has provided baseline information for regional classification 
that can be incorporated in national conservation, 
protection and assessment schemes such as the National 
Marine Biodiversity Assessment and South Africa’s 
Operation Phakisa Blue Economy Framework to increase 
our Marine Protected Area coverage. In addition, the study 
will contribute to the expansion of our local knowledge on 
Critical Biodiversity Areas. 
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Background 

Habitat classification is a system used to define and 
categorize habitat types using standard terms and 
descriptors in a consistent way. Classification is often 
based on geophysical, oceanographic and biological data. 
Although appearing uniform, unconsolidated sediments 
form complex habitats; including sand waves, rippled bed 
forms, biological creations like polychaete tube fields 
and bioturbated surfaces from organism movement and 
burrowing activities. Thus, they provide habitat structures 
for highly diverse and dominant groups of benthic marine 
infauna. The unique geomorphological setting and local 
oceanographic features along the east coast shelf of 
KwaZulu-Natal (KZN), particularly at the wider KZN 
Bight, play an important role in influencing the seafloor 
habitat structures. Considering the recent knowledge on 
macrobenthic community structure, distribution, feeding 
mechanisms, local habitat drivers and sediment distribution 
along the KZN shelf, it is evident that sediment attributes 
such as grain size (sand, mud and gravel), sediment texture 
and sorting influence the distribution of macrobenthic 
assemblages. Hence, spatial variability of macrobenthic 
communities, their various species complements, functional 
traits and biological attributes can reveal the combined 
effects of multiple habitat and environmental gradients. The 
growing focus on the study of macrobenthos in South Africa 
has prompted the need to identify and describe the types of 
habitats which they are found in or adjacent to where they 
are associated. Most existing habitat classification schemes 
were developed for specific geographical points that are 
not comparable to others. Our aim for this study is to 
provide a method and the first coarse classification scheme 
for sediment habitats of subtropical east of South Africa. 

Methods 

With various methods relevant to conduct benthic habitat 
characterisation, here we make a first attempt at integrating 
geological and biological methods applicable to the east 
coast of South Africa’s seafloor habitat classification. The 
sampling stations were set along transects that divide the 
focus areas into three sub-regions; northern KZN (north 
of Richards Bay), central KZN (uThukela) and southern 
KZN (Durban). Each station was surveyed using a remotely 
operated vehicle (ROV) for video recordings of habitat 

and epifauna, a drop-camera for still photography with a 
quadrat stand for quantified visual assessment of habitats 
and sediment grab samplings within the depth range of 
40-175m. Analysis for the underwater videography and 
photography included borrowed methods from coral 
reef coverage to develop a novel method that is validated 
and ground-truthed by physical sampling of sediments for 
sedimentological properties and biodiversity assessment. 
The classification scheme was put together with reference 
to existing, accepted schemes and previous data on the 
sedimentary characteristics of the KZN shelf. The process 
of identifying and characterising the habitats was focused 
on unconsolidated sediments at a fine scale. Distance 
based redundancy analysis (dbRDA) ordination plots was 
conducted to evaluate the relationship between sediment 
types that best describe the variation in macrobenthic 
assemblages among the sampled stations. A principle 
canonical analysis (PCA) was used for visualization of 
sediment distribution in relation to selected environmental 
variables
 
Results 

This study developed a six-level hierarchical classification 
scheme commencing with the higher realm (marine 
environment) at level one, followed by the three broad 
habitats (continental shelf, slope and abyssal plain) 
differentiated based on physiographic features and 
characteristics of water column. Level three differentiates 
between the photic and apohtic zones and the fourth 
level identifying unconsolidated benthic habitats based on 
substrate type (gravel, sand, mud, biogenic structure etc). 
Level five focuses on each of the substrate types at a finer 
scale, with level six linking the macrobenthic assemblage 
to their associated habitat. Data analysis from underwater 
videography, photography and sediment samples revealed 
high habitat variability between the sampled regions, 
despite a common region (coastal topography and species 
biogeography) on the east coast. The dbRDA ordination 
plot revealed how various macrobenthic assemblages 
were correlated to the different sediment types. From the 
PCA, it was noted that the North of the Richards Bay 
sub-region was characterised by fine to very fine sand, 
significantly different to the muddy, fine to coarse sand 
habitats in uThukela sub-region. Offshore of the Durban 
was characterised by medium to fine sandy habitats with a 
mixture of sediment and reef habitats. The macrobenthic 
community assemblages agreed with the habitat differences 
in sub-regions in that they were not uniform and reflected 
the heterogeneous substrate type even over relatively 
short distances. Interestingly, although videography and 
still photographs pointed to soft sandy habitats, validation 
through grab sampling proved that there is an abundance 
of low-profile reef systems consistently smothered 
by a thin layer of sandy, muddy and gravel sediments. 
Sediment samples revealed macrobenthic communities 
unique to mixed sand/covered reef microhabitats and 
unconsolidated substrate habitats. In depth community 
analysis further revealed the decency of the fauna to the 
mixed habitat types in that the biological traits of some 
species require a hard substrate. 
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Conclusion 

The habitat classification scheme developed in this study 
has shown how heterogenous habitats along the shelf of 
KZN go beyond what is currently used as habitat scheme 
for planning and conservation purposes i.e. sand, mud and 
gravel. The two visual methods explored highlighted the 
limitations of using only the underwater videography and 
still photography data, as they reveal only the epibenthic 
characteristics of the seafloor habitat. On the other 
hand, sediment sample gave more detailed and relevant 
information about the various habitats present along the 
shelf. Thus, it is important to use two or more methods 
for identifying and characterising the seafloor habitats 
with regards to unconsolidated sediments, in particular if 
validating with actual benthic community attributes. The 
identified macrobenthic species/communities in relation 
to the types of habitats present along the KZN shelf 
reflect a broad range of habitats and biotopes unique 
to the east coast of South Africa. Knowledge generated 
from this study has provided baseline information for 
regional classification that can be incorporated in national 
conservation, protection and assessment schemes such as 
the National Marine Biodiversity Assessment and South 
Africa’s Operation Phakisa Blue Economy Framework to 
increase our Marine Protected Area coverage. In addition, 
the study will contribute to the expansion of our local 
knowledge on Critical Biodiversity Areas. 
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Since time immemorial, tropical artisanal hook and line 
fishers harvest a variety of organisms, such as polychaete, 
for use in marine bait fishery. However, despite a paucity 
of reliable documentation, regulation or monitoring, 
this continued proliferation of this practice precipitates 
unintended cascades with consequences on wetland 
resources and ecosystem integrity. Furthermore, lack of 
appropriate feeds formulations for mariculture has been 
blamed as a major deterrent to growth of the industry, 
especially in this region. Notably, the suitability of these 
organisms as fishing bait, hints at their appropriateness as 
superior dietary items for marine finfish and crustacea. 
Consequently, identification of alternative appropriate 
and sustainable bait sources is critical to sustainable 
livelihood in the region. Temperate polychaetes, such as 

Nereids, have been successfully reared on a spinach diet in 
circulating systems, but appropriate protocols for tropical 
Eunicid polychaetes, are lacking. This study intended to 
investigate the efficacy of cultured polychaete (Marphysa 
mossambica) and other locally available invertebrates, 
as alternative fishfeed and bait. The polychaetes culture 
trials were done in intensive and semi-intensive systems, 
fed on a variety of diets and their survival, growth and 
recruitment monitored. Polychaetes obtained, were 
subsequently incorporated into tiger shrimp feed 
formulation at full and partial replacement and growth 
performance and survival, compared to commercial feed 
formulations (~30CP). Similarly, cultured polychaetes 
were tested for fishing performance by attaching known 
quantity of cultured bait (polychaete, earthworm, Black 
Soldier Fly larvae) to hooks and soaking time and landings, 
compared with wild polychaete. Cultured earthworm and 
BSF were obtained from adjacent enterprises for use in 
the current study. Preliminary results obtained show the 
polychaetes perform poorly under intensive, compared to 
semi-intensive culture system, where limited recruitment 
occurred. The poor performance was largely attributed 
to deterioration in physicochemical conditions in the 
regimes. Both cultured polychaetes and earthworm, have 
superior nutritional profile (CP <50, lipids <3%), compared 
to most plant based fish meal formulations. Shrimps 
grown on full polychaete replacement formulation, 
achieved higher growth  (<2.2 g.week-1and survival than 
other formulations. Thus cultured and wild polychaete are 
superior replacement for locally available feed ingredients. 
Similarly, cultured polychaete and earthworm were highly 
attractive to fish (soaking time >3.55 min), achieving 
comparable landings (<189 g.d-1), as wild polychaete bait. We 
recommend that further refining of marine polychaete 
culture protocols to enhance yield and cost-effectiveness 
be pursued. Additionally, further evaluation of local 
earthworm guild for incorporation into multitrophic 
mariculture systems are also needed.
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Coral reefs are highly diverse and productive ecosystems 
that serve many functions to coastal communities around 
the globe. In Wasini Island, situated in Shimoni, (located 
in Kenya’s South Coast County of Kwale) where this 
study was conducted, the corals are not only important 
as a source of livelihood, but also contribute in various 
ways to oceanic production: tourism, recreation, coastal 
protection. In addition corals act as indicators of climate 
change. The subsistence and commercial use of coral 
reef resources in Kenya has persisted for centuries, 
thus increasing pressures from anthropogenic stress. 
These pressures include: destructive fishing methods, 
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coral mining, coastal development, pollution, and tourist 
activity. Rehabilitation of corals in the Wasini Island was 
undertaken by Kenya Marine and Fisheries Research 
Institute under the Kenya Coastal Development Project 
in 2011. After successfully implementing the coral 
reef rehabilitation, it became necessary to assess its 
socioeconomic impacts on the local community. Data 
was collected in Wasini Island and Kijiweni village using 
purposive sampling, conducted through participatory 
approaches, namely: Direct observation, Semi-structured 
questionnaires and Focus Group discussions. The data 
was cleaned and analyzed using Excel and the Statistical 
Package for Social Sciences where descriptive analysis 
for the two study sites were generated. Results indicated 
that in both villages the community-based coral 
rehabilitation efforts had generated substantial positive 
impacts to both the local residents and the environment 
at large. Among the 42 respondents, 30% indicated 
that the rehabilitated coral initiative had increased the 
availability of fish, 18% stated that the initiative had 
increased incomes, while 17%, noted increased tourist 
attraction. Fourteen percent (14%) indicated improved 
community welfare, 5% reported improved marine 
environment, 3%, indicated the initiative had created a 
better habitat for fish, while 13% felt that there were 
no benefits received from the program. Impacts of 
coral rehabilitation on the local culture was were also 
reported; these included the promotion of a culture of 
preservation and not destruction of nature, increased 
community cohesion, increased inclusion of women 
and livelihood diversity. Others felt that the culture had 
been impacted the community negatively by promoting 
undesirable interactions of men and women which is a 
taboo - given that men and women are not supposed 
to work together. In regards to the environment, the 
impacts of coral rehabilitation to the communities 
included: the majority (78% of the respondents) 
reported that coral rehabilitation initiative had resulted 
into the creation of a beautiful and clean coral zone, 
9% mentioned the provision of habitat for fish, and 
similarly 9% stated the fostering marine stewardship. 
Two percent of the respondents (fisherman) claimed to 
have been denied their rights to access fishing grounds 
in the rehabilitated area, while 2% of the respondents 
were not aware of any negative impacts.  The study’s 
findings have shown that the coral restoration efforts 
on the Wasini Island’s generated significant benefits to 
the local residents, including diversification of livelihoods, 
improved fisheries, enhanced incomes and changed 
societal attitudes that promote conservation and 
management of the marine resources. In addition, the 
initiative has promoted social integration among local 
residents. In a noticeable departure from past practices, 
where gender roles were clearly defined and strictly 
adhered to, the coral rehabilitation project has led to 
increased community cohesion as both men and women, 
young and old, are fully and equally incorporated into 
rehabilitation activities. This change has seen womenfolk 
actively participate in construction of the BMU offices, 
as well as in coral planting and conservation activities in 
Wasini. 

Keywords: Socioeconomic impacts, Coral 
rehabilitation, communities, community cohesion, 
diversification of livelihoods
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Background 

Mangroves provide critical ecological and socio-
economic functions and services to coastal marine 
habitats and communities respectively. They are 
invaluable in enhancing coastal fisheries, attenuating tidal 
waves and storms; sequestering carbon dioxide (CO2) 
and filtering nutrients and sediments flowing into oceans. 
However, mangroves are declining globally as a result of, 
among many other factors, urbanization, nutrients and 
heavy metal pollution, clearcutting for poles and timbres, 
salt-making, rice farming and aquaculture. Solid and liquid 
domestic and industrial wastes are dumped into rivers 
draining coastal cities such as Dar es Salaam, Tanzania, 
and thus devastating the coastal marine environment 
and jeopardizing the provision of ecosystem services by 
the coastal ecosystems. The future of ‘urban’ mangroves, 
both small and large estuarine and non-estuarine is 
currently not well-known. This study uses stable nitrogen 
isotope and nutrients analysis to investigate the influence 
of urbanization on nutrients enrichment in urban 
mangroves in Dar es Salaam, Tanzania. 

Methods

The study was conducted in the Mtoni Kijichi estuarine 
mangroves, Kunduchi creek and Ras Dege. While 
the Mtoni mangroves were considered as polluted, 
those of Kunduchi and Ras Dege were regarded as 
semi-polluted and pristine, respectively. We collected 
mangrove crabs and snails, and mangrove leaves from 
these sites. The mangrove crab and gastropod were 
selected as model organisms because they reside in 
the mangrove ecosystems and have minimal movement 
out of the system. This is important since the isotope 
signatures of highly mobile organisms may reflect those 
of food sources from different habitats and different 
turnover times. The sample materials were collected 
from upper, middle and lower zones of the mangrove 
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stand. They were then ground and analyzed for carbon 
and nitrogen isotopes to infer nutrients enrichment. 
Also, water samples were collected in the rivers/streams 
draining into these mangroves and analyzed for nitrogen 
and phosphates. Water samples were collected outside 
the mangroves in areas with settlements, within the 
mangroves and downstream to capture the different 
land-use and assess the effect of mangroves on nutrients 
sequestration. Sampling was done during low spring tide 
between August and December 2017. Both the animal 
and plant materials and water samples were preserved 
in iceboxes in the field and were processed immediately 
or frozen for later processing. The crabs, gastropods and 
mangrove leaves were oven-dried at 60 for 48 hours, 
ground and sent to the to OEA laboratory in UK for 
stable isotope analysis. Nutrients were 1 analyzed at the 
Nanjing Institute of Geography and Limnology, Chinese 
Academy of Sciences (NIGLAS), State Key laboratory 
using standard spectrophotometric methods. 

Results 

Nitrogen stable isotope values were significantly enriched 
at Mtoni Kijichi mangroves for crabs (One-Way ANOVA, 
F2, 30 = 43.51, p <0.001), gastropods (One-Way ANOVA, 
F2, 30 = 21.86, p <0.001), and mangrove leaves (One-Way 
ANOVA, F2, 30 = 47.27, p <0.001). The mean (±SE) δ 
15N values for Mtoni Kijichi were 15.94, 12.81 and 12.67 
for crabs, gastropods and leaves, respectively indicating 
that crab materials were the most enriched. The isotope 
values were always lowest at Ras Dege, that is 4.64, 3.68 
and 1.80 for crabs, gastropods and leaves, respectively, 
again showing that crabs were the most enriched, 
followed by gastropods. Similarly, Mtoni Kijichi was 
found to have higher total nitrogen (TN) concentration 
(4.26±0.58mg/L) than Kunduchi (2.41±0.19mg/L) and Ras 
Dege (3.61±0.41mg/L) (ANOVA, F2, 17 = 4.24, p <0.035). 
Similar results were found for total phosphorus (TP) 
(ANOVA, F2, 17 = 11.50, p <0.001) and soluble reactive 
phosphorus (SRP) (ANOVA, F2, 17 = 14.43, p <0.001). 
However, for TP and SRP, the Ras Dege mangroves had 
the lowest concentrations of all, that is 0.015±0.00 
and 0.007±0.002mg/L, respectively. The nutrients 
concentration data, also, show that the upper and middle 
sections of the respective rivers had significantly higher 
nutrients values than the lower sections on the seaward 
side, except at Kunduchi where more nutrients were 
registered in the middle and lower sections of the river, 
suggesting that the nutrients may not be coming from 
far upstream. 

Conclusion 

The Mtoni Kijichi mangroves are increasingly being 
polluted by external nutrients sources as attested by 
stable isotope and nutrients data. The sources of the 
nutrients may be the catchment of the Mzinga river, 
which drains the highly populated Temeke municipality. 
Moreover, the Temeke area has high levels of informal 
settlements which presents a challenge of wastewater 
and domestic wastes disposal because they are not 
connected to the Dar es Salaam sewer. While Ras 

Dege is still pristine, with little nutrients inputs, the 
Kunduchi area seem to be receiving nutrients directly 
into the mangroves, suggesting that the nearby hotels 
and residents may be releasing wastewater and domestic 
wastes directly into the creek. While more data is 
required to solidify our findings, it is important to note 
that these mangroves play key socio-ecological roles that 
should not be traded with the looming destruction of 
their existence. Therefore, proper management of these 
systems should interface with proper and better land-
use plans and practices upstream, better settlement and 
urban plans, and that the Dar es Salaam City management 
should expand the coverage of households connected to 
the City seawer system. 
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Background 

Forest degradation is one of the major challenges that 
hinder sustainable development. Mangroves forests are 
not exempted given the critical roles they play that 
are of ecological, social and economic importance to 
human coastal communities. Despite their multiple 
uses, they continue to be threatened and degraded with 
recorded rate of 1-2% loss by area/yr. To address losses 
and degradation of mangrove forests, restoration has 
been used as a tool of returning the lost forests and 
transforming disturbed forests into uniform stands of 
higher productivity. However, mangrove ecosystem is 
a dynamic interface controlled by several interacting 
factors such as tides, periodicity of fresh water and 
sediment influx, topography of wetland, soil and water 
salinity and sedimentation patterns. Consequently, 
restoration of denuded mangrove sites has presented a 
mixed bag of success and failure over time. Therefore, 
the present study objectives were; to determine the area 
and mangrove species replanted; evaluate performance 
of replanted mangroves in terms of survival rates, 
growth rates and secondary succession and to analyze 
factors contributing to success or failure of mangrove 
restoration projects along the Kenyan Coast. 
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Methods 

The study adopted methods that included forest survey 
and community interviews. Systematic sampling was used 
to establish 10mx10m quadrats along a belt transect 
perpendicular to the waterline on a planted site. Tree 
height and diameter at 130cm were recorded except 
Rhizophora species whose diameter was taken at 30cm 
above the highest prop root. For natural regeneration, a 
5mx5m quadrant was established within 10mx10m plot. 
For faunal assessment, in addition to burrow counts, a 
binocular was used to identify crab species on a 0.5mx0.5m 
quadrants established randomly within the plot. For the 
young plantation, the diameters of 20-30 tree seedlings 
were taken at first internodes excerpt Avicennia species 
taken at 50% of the total height in established 10mx10m 
plot. Moreover, all the surviving seedlings were counted. 
Using Geographic Positioning System (GPS) device, at 
least four corner points of large plantation were taken 
to estimate the planted area. Purposive sampling was 
used for community interviews while snowball sampling 
technique used for further resourceful information. Data 
were organized using Microsoft Excel and Statistical 
Package for Social Sciences and analyzed using allometric 
equations, descriptive statistics while Geographic 
Information System (GIS) software used estimate the 
area of large plantations. 

Results 

The study found that Rhizophora and Ceriops, the most 
dominant species in Kenya were the most preferred for 
restoration. Out of 11 restoration attempts in Vanga, 3 
sites had survival rates of below 5%, 4 sites had between 
41% and 55% while 4 sites had above 70%.The growth 
rate performance of different species in terms of height 
(metres) per year were 0.3±0.1m (Ceriops), 1.16m 
(Avicennia) and 0.27±0.15m for Rhizophora. In spite of 
monospecific establishment of plantations, there was 
diverse recruitment of secondary species with time. 
The community motivation behind restoration practices 
included need for; environmental protection (70.9%), 
fisheries (49.1%), wages (34.5%) wood products (34.5%) 
and while 32.7% claimed that it is their responsibility. The 
study also found that the communities understood the 
challenges hindering the success of mangrove restoration 
projects. 74.5% of respondents cited changes in site 
conditions, 63.3% argued of species mismatch, 41.8% 
complained of inadequate knowledge on ecological 
settings while 47.3% said that community involvement was 
still inadequate. 

Conclusion 

Despite the heavy funding of mangrove restoration 
projects over the last decades, poor performance of 
planted mangroves can be attributed to continued 
perturbation, changes of soil conditions, species 
mismatch, inappropriate planting techniques such as 
spacing, and inadequate community involvement and 
commitment. To ensure successful restoration and 
sustainable management of mangrove forests, priority 

should be given to understanding of the ecological settings 
of mangrove ecosystem, integration of all stakeholders 
including community participation while funding should 
appear as secondary importance. This study informs the 
development of Western Indian Ocean (WIO) guideline 
on Ecosystem Mangrove Restoration. 

Keywords: Mangrove forestry, community participation, 
restoration, sustainable management, Kenya.
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Background

Tropical deforestation and forest degradation are 
among the major challenges that hinder sustainable 
development.  Mangroves forests are not exempted 
given the critical roles they play to human society. 
Despite multiple benefits mangroves provide, they 
continue to be removed, abused, and degraded all over 
the world.  Losses and degradation of mangroves have 
negative effects on fisheries, resource sustainability and 
shoreline sustainability. This has worsened over the 
past years since mangrove conservation has not been 
able to match the rate of mangrove denudation. The 
present rate of mangrove degradation has triggered 
universal consensus and concerted efforts to reduce 
or rather avert mangrove destruction. In addition to 
adoption of the Paris Agreement, states have re-affirmed 
conservation and restoration of healthy ecosystems for 
climate change mitigation and livelihood benefits through 
mechanisms such as payment for ecosystem services. 
To address losses and degradation of mangrove forests, 
restoration has been used as a tool of returning the lost 
forests and transforming disturbed forests into uniform 
stands of higher productivity. Attempts to restore lost 
and denuded mangrove sites have presented a mixed 
bag of success and failure over time. In Kenya, mangrove 
restoration projects were initiated in the early 1990s.
The program got momentum when aid was received 
from multilateral agencies, NGO’s and government 
department. This study aimed to assess the performance 
of mangrove reforestation projects in terms of survival/
mortality rates, biomass increment and secondary 
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succession. 

Study approach and methodology

The study adopted methods that included forest survey 
and community interviews. Systematic sampling was used 
to establish 10mx10m quadrats along a belt transect 
perpendicular to the waterline on a planted site. Tree 
height and diameter at 130cm were recorded except 
Rhizophora species whose diameter was taken at 30cm 
above the highest prop root. For natural regeneration, a 
5mx5m quadrant was established within 10mx10m plot. 
For faunal assessment, in addition to burrow counts, 
a binocular was used to identify crab species on a 
0.5mx0.5m quadrants established randomly within the 
plot. For the young plantation, the diameters of 20-30 tree 
seedlings were taken at 2nd internodes except Avicennia 
species taken at 50% of the total height in an established 
10mx10m plot. Moreover, all the surviving seedlings were 
counted. The location of the plantation area was mapped 
using Geographic Positioning System (GPS) device, 
where at least four corner points of the large plantation 
were taken to estimate the planted area. The survey was 
complemented by community interviews on perceptions 
and attitudes towards mangrove reforestation projects. 
Purposive sampling was used for community interviews 
while the snowball sampling technique used for further 
resourceful information. Data were organized using 
Microsoft Excel and Statistical Package for Social 
Sciences and analyzed using descriptive statistics while 
the Geographic Information System (GIS) software was 
used to estimate the area of large plantations.

Results

The study found that Rhizophora mucrunata and Ceriops 
tagal are the most preferred species in mangrove 
reforestation projects in Kenya. This is despite some 
restoration areas being unsuitable for the species. 
There was a clear indication that the survival rates and 
performance of the planted mangroves depended on the 
choice of site, planting techniques and site conditions. 
In Vanga pilot area, there were 11 restoration attempts 
covering an estimated total area of 15.6 hectares. At least 8 
sites in Vanga recorded survival rates of more than 40-60% 
while three sites recorded survival rates of below 5%. One 
year old Rhizophora mucrunata, Ceriops tagal and 0.5 year 
old Aviccenia marina had average respective heights of 1.1m, 
0.3m and 0.58m and growth rates of 1.1m, 0.3m and 1.1m. 
In contrast to 14 and 16 years old Rhizophora mucrunata 
and Bruguera gymnorhiza with heights of 3.8m and 3.2m 
respectively, their growth rates were 0.27m and 0.17m far 
below the expected rates. 14 year old Rhizophora mucrunata 
had total biomass of 24.6 t/ha; translating to an increment of 
1.8t/ha per year. Dismal and stunted growths performance 
could be attributed to inappropriate planting techniques 
exacerbated by the stressful site conditions. Despite of 
monospecific establishment of plantations, it was observed 
that there was significant recruitment of diverse flora and 

fauna species including molluscs and crabs thus an indicator 
of return of ecological processes.   Local community plays 
a critical role in the long term success of restoration 
projects. From the community interviews, the study found 
that, the motivation behind restoration practices included 
the need for; environmental protection (70.9%), fisheries 
enhancement (49.1%), wages (34.5%) wood products 
(34.5%) while 32.7% of the respondents claimed that it is 
their responsibility to restore mangroves. Moreover, the 
communities understood the challenges facing mangrove 
restoration projects. At least 74.5% of respondents 
cited changes in site conditions, 63.3% argued of species 
mismatch, 53% argued of lack/inadequate funds in terms of 
incentives, 41.8% complained of inadequate knowledge on 
ecological settings while 47.3% perceived that community 
involvement was still inadequate.

Conclusion

Despite increased mangrove restoration projects in the last 
decades, the poor performance of replanted sites could be 
attributed to changes in site conditions, species mismatch, 
inappropriate planting techniques such as spacing, and 
inadequate community participation and lack of monitoring. 
There was a widespread tendency of re-planting mangroves 
in unsuited sites leading failure, dismal and stunted growth 
performance of the surviving plantations. This is consistent 
with the findings in Philippines and Sri Lanka. To enhance 
successful mangrove restoration, priority should be 
emphasized on the understanding of the ecological settings 
of prospective reforestation site, community participation 
and monitoring. Results of this study would inform the 
development of the Western Indian Ocean (WIO) guideline 
on Ecosystem Mangrove Restoration.

Keywords:  Mangrove forestry, community participation, 
restoration, sustainable management, Kenya.
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Background 

The shortfin Mako, Isurus oxyrinchus, is a migratory species 
distributed worldwide throughout temperate and tropical 
waters. Shortfin mako is renowned for its speed and ability 
to leap out of the water which has led to the species 
becoming the most desirable and commonly retained 
game sharks. For decades this species has suffered as 
bycatch and is now also retained for its meat and fins. 
Previous research has suggested that the species has 
undergone drastic declines in abundance over significant 
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parts of its range. Regardless of the species economic 
importance and vulnerability to overfishing, little is known 
about its population dynamics, habitat preferences and the 
level of population connectivity among different regions. 
This study aims to determine population connectivity 
and genetic diversity from South African waters using 
genetic approach and tagging data. Primers The study 
sites comprised coastal and offshore sites spanning both 
the Indian and Atlantic Oceans along the South African 
coastline. The locations at which the 85 samples were 
collected were situated within this stretch of coastline. 
The mitochondrial control region (mtCR) was chosen as 
a suitable marker due to the fact that it evolves rapidly, 
has high mutation rate and is maternally inherited. These 
qualities enable this marker to be used to determine 
demographic trends, effective population size and 
intraspecific genetic variation. Fourteen species-specific 
and cross amplifying microsatellite markers were used to 
generate allele frequency data at multiple loci which in 
turn can determine levels of population subdivision. Ten 
EPIC markers that have previously proven to successfully 
amplify in teleosts were chosen, and of those polymorphic 
markers were used to determine genetic diversity within 
the shortfin mako along the South African coast. 

Methods 

A total of 85 samples ranging from 2011-2016 were 
randomly collected along the South African coastline 
in the Eastern Cape, Western Cape and KwaZulu 
Natal. The mitochondrial control region of the DNA 
extract was amplified by Polymerase Chain Reaction 
(PCR) and gel-eletrophoresis using the primers IsurusF 
(5’-GAGTGCTGTCAGAGCATGAA-3’) and IsurusR 
(5’-CAGGTTTATCTCAGTGTCCC-3’) to determine 
the genetic connectivity of I.oxyrinchus in South 
African waters. Fourteen microsatellite and ten Exon-
Primed Intro-Crossing (EPIC) markers were amplified 
using polymerase chain reaction with the use of the 
AMPLIQON multiplex TEMPase 2x Master Mix kit. The 
combination of these markers will result in the first 
complete genetic study of the shortfin mako in South 
Africa. 

Results 

Analyses of genetic differentiation in DnaSP from 85 
individuals across the South African coast has shown 
homogenous genetic structure between populations 
from the Indian and Atlantic Oceans (p <0.05) but very 
high haplotype diversity (h = 0.92692). The South African 
population shows high level of population connectivity 
across ocean basins. Furthermore, phylogenies also 
revealed similarities between local populations and 
the North Pacific Ocean populations. Further results 
showed that there is seen to be population subdivision 
that shows at regional scales. 
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Octopus cyanea is a common and dominant octopus 
species in coral reef habitats in coastal waters of 
Tanzania. Although coastal communities depend on 
octopus fishery for income and food, information on 
this fishery is limited. Proper management of octopus 
fishery requires a better understanding of thespatial 
distribution and abundance of this species. This 
study tried to fill this information gap. The research 
studied the distribution and abundanceof octopus 
with environmental conditions near the reefs habitats. 
Octopus catches were collected from active landing 
sites in Kilwa (Songosongo, Somanga) and Mafia (Jibondo, 
Bwejuu) between November 2017 and March 2018. 
Profiles of physical and chemical variables were collected 
with a CTD. The reef’s boundaries were mapped with 
aGPS. The results revealthemonthly mean total landings 
variedamong the sampling sites. Songosongo, Bwejuu and 
Somanga had slightly higher total landings than Jibondo. 
Management strategies such as seasonal reef closure and 
nature of reefs, partly explains the difference in catches. 
The study found catch rates varied between submerged 
and flat reefs. Catches were found slight higher in 
submerged reefs compared to flat reefs. Relative large 
size, complexity and diversity in submerged reefs provide 
ideal conditions that support different ecological niches. 
Favorable environmental conditions explained the higher 
catches found in submerged reefs. Furthermore, the 
octopus’ catches varied among the surveyed reef sites 
could be contributed by different management strategies 
and practise as well as the environmental conditions. 
For instance, reefs at Songosongo were healthy and 
productive compared to reefs at Somanga though they 
are found on the same area and all practised seasonal 
closure as management strategies. It should be noted 
that the closed reef at Songosongo coincided with stable 
and low sea surface temperature and high fluorescence 
(indicator of Chl-a/phytoplankton abundance) which 
may contributed to its healthier and high productivity. 
Thus, the findings from this study suggest management 
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practise like rotational or seasonal closures of reef 
areas should be encouraged for sustainability of octopus 
fishery. However, for the effectiveness of reef closure, 
assessment of ecosystem in particular chemical and 
physical conditions surrounding the reefs should be 
conducted before final agreement on the reef closure. 

Keywords: Octopus cyanea, coral reef, monthly catches, 
environmental conditions, Kilwa, Mafia 
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Marine ecosystems are facing multiple anthropogenic 
global changes, including ocean acidification, warming, 
and reduced nutrient supplies. Together, these challenges 
phytoplankton community structure. The base of Indian 
Ocean trophic structure is formed by phytoplankton varied 
communities which plays a significant role in the oceanic 
biological pump through the fixation of carbon dioxide, 
utilization of sunlight and the uptake of the dissolved 
nutrients in water, to provide energy readily available to 
the higher ranks of the food chain (Kiteresi et al. 2012). 
The common mechanisms controlling the distribution 
patterns depends on the physico-chemical parameters i.e. 
Injection of nutrients into the euphotic zone (Longhurst 
2010). Due to their pivotal role in ecosystem functioning 
and biogeochemistry, phytoplankton have been the focus of 
global change research in marine ecosystems. Results from 
the Tyro Expedition in the WIO under the Netherlands 
Indian Ocean Programme (NIOP, 1991-1995) established 
that the seasonal change in monsoon regime affect the 
nitrogen nutrition of marine phytoplankton conspicuously 
(Wafar et al., 2011). Seasonal variation of phytoplankton 
abundance and diversity is a common occurrence in 
many bays and creeks of the Indian Ocean. This is driven 
by the interchanging monsoon regime almost every half 
year as well as by water quality as result of land based 
activities. The Kenya coastal waters receive inputs from 
major rivers (Tana, Sabaki, Ramisi and Umba) and effluents 
from towns (Mombasa, Malindi, Shimoni) that impact on 
the water quality crucial for phytoplankton proliferation. 
The upwelling waters and fresh water discharge from the 
Tana and Sabaki Rivers in the Northern coastal waters 
of Kenya enhance nutrient circulation for the primary 
productivity of the marine ecosystems, supporting marine 
life such as fish, crustaceans, molluscs and migratory 
species (seabirds and turtles) (Samoilys et al. 2015). It 
was in this area that harmful algal blooms were evident 
in 2002 in Kiunga leading to massive fish kills.  Due to 
this, there was need for understanding the phytoplankton 
community structure of Kenya coastal waters hence this 

work offer a description of phytoplankton community 
structure focusing on their abundance and diversity, 
identifying hot spots for primary production over various 
time and geographical scales in the Kenya coastal waters. 
Materials and Methods Samples were collected along 
the Kenya coastal nearshore areas between 2009 and 
2018 dependent on availability of funds. Seawater was 
filtered through a 20-µm mesh size phytoplankton net 
and transported to the laboratory for taxa identification 
and enumeration using the sedimentation technique 
as described by (Utermöhl, 1958; Arhonditsis G.B et al., 
2004). Striling, (1985) formula was used to estimate for 
plankton density). Phytoplankton cells were identified 
using identification keys by Botes, (2003) and Carmelo, 
(1997). Whenever possible, identification was carried out 
to the species level, although in some cases identification 
was only possible to genus level. Diversity indices (species 
abundance, diversity, richness and evenness) were 
calculated following the standard formulae (Shannon and 
Weaver, 1949; Gleason, 1922; Pielou, 1966, Saravakumar et 
al., 2008). Statistica 12 was used for data analysis. Results 
Phytoplankton showed variation in the different marine 
waters along the Kenya coast. In Mombasa periurban 
creeks, phytoplankton abundance were high in 2011 in 
Tudor (5.23x104 cells/L) and Mtwapa (6.04x104 cells/L) 
with Makupa having abundance (5.08x104 cells/L) in 2014. 
Tudor (2.72) and Mtwapa (2.78) creek species diversity 
indices were high in 2016 with corresponding high species 
richness of 39 and 43 respectively. The estuarine system, 
Sabaki river phytoplankton abundances (8.82x104 cells/L) 
were notably high in 2016 having the least species diversity 
index (1.12), evenness (0.46) and richness (13 species). 
Ramisi river had high phytoplankton abundances in 2010 
(1.21x105 cells/L) and 2012 (1.48x105 cells/L) with the 
least species diversity (1.14), evenness (0.41) and richness 
(16 species) in 2010. Within the Kenya marine waters in 
the north, Lamu showed high abundance (5.13x104 cells/L) 
in 2015 with high species diversity (2.85) and evenness 
(0.83). Phytoplankton abundances in Malindi (1.43x104 
cells/L) and Kilifi (2.34x104 cells/L)) were high in 2015 
with richness of 28 and 29 species respectively. The south 
part of the Kenya marine waters, Wasini recorded high 
abundances (9.01x104 cells/L), species diversity (2.69) and 
richness (37) in 2015. Kibuyuni phytoplankton abundances 
(3.76x104 cells/L) were high in 2014 which could be 
attributed to the initiation of seaweed farming activities in 
the area unlike the progressing years of which the activity 
has been highly intensified affecting its community structure. 
Sii Island in the south had abundance of 4.5x104 cells/L 
in 2014 which was the highest during the study period. 
This is of interest due to incidences of sand harvesting 
cases noted on the island. Taxa abundances were high in 
2010, 2012, and 2016 for Anabaena spp. and Coscinodiscus 
spp. (6.12 x 105 and 5.67x105 cells/L) in Ramisi; Navicula 
spp. (4.31x105 cells/L) in Kisite Mpunguti and Scenedesmus 
spp. (5.94x105 cells/L) in Sabaki respectively. These taxa 
have the potential of forming blooms resulting to oxygen 
depletion and eventually mortality of fish. Taxa known 
to be toxin producing causing PSP, ASP, DSP and CFP 
were recorded in this study such as Alexandrium spp.; 
Pseudo-nitzschia spp.; Gambierdiscus toxicus among others. 
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Conclusion There is a decline in phytoplankton taxa 
abundance that correspond with an increase in its species 
richness. This implies that the phytoplankton community 
structure is evenly distributed. Worth noting is the increase 
in HABs taxa that have the potential to impact on the 
livelihoods dependents on marine fisheries. There is need 
for extensive phytoplankton studies on the in relation to 
the key marine environmental factors (biotic and abiotic) 
that dictates its community assemblages/structure.

POSTER
Coral reef resilient and bleaching trajectories at 
Aldabra Atoll, Seychelles

KOESTER, A, N. BUNBURY.V MIGANI,  V. MIGANI, A. 
BURT, C. SANCHEZ, F FEISCHER-DOGLEY

Background

The recent global coral bleaching event in 2016 caused 
mass mortality of corals worldwide and affected even the 
best protected and most remote reefs. This challenges 
the common notion that reefs far removed from local 
human impacts are more resilient to the effects of climate 
change. To understand reef resilience under the exclusive 
influence of global impacts, we studied the susceptibility 
to, and recovery since, the 2016 global bleaching event 
at Aldabra Atoll, a UNESCO World Heritage site in the 
Western Indian Ocean. 

Methods 

We combined the annual long-term monitoring of 
benthic and fish assemblages with additional observations 
of coral larvae settlement, and turf algae height at 12 
permanent sites to assess post-bleaching trajectories 
(i.e. stability/recovery/degradation) and how these differ 
on an atoll-wide scale. 

Results 

Aldabra lost 50% of its hard corals during the 2016 
bleaching event and experienced reductions of 
taxonomic and morphological diversity within the 
benthic assemblages. Initial results reveal location-specific 
diverging post-bleaching trajectories, with easterly reefs 
indicating further reductions in hard coral cover and 
increasing cover of calcifying and fleshy macroalgae, while 
at the remaining ten sites, hard coral cover remained 
stable or increased, and turf algae cover decreased to 
pre-bleaching levels. Additional observations indicate 
atoll-wide similarities in turf algae height but marked 
differences in the density of settled coral larvae, which 
was substantially higher within Aldabra’s lagoon. 

Conclusion 

These results suggest that prevailing environmental 
conditions at individual reefs around the atoll are 
important drivers of reef resilience. Our results will 
contribute to our understanding of the natural drivers of 
coral reef resilience, thereby aiding the prioritisation of 
areas for conservation. 
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Assessment of the impacts of Tropical Cyclones 
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The study investigated the impacts of tropical cyclone 
(TC) Fantala (11th to 27th April, 2016) to the coastal 
areas of Tanzania, Zanzibar in particular. Daily reanalysis 
data consisting of wind speed, sea level pressure (slp), sea 
surface temperatures (SSTs) anomaly, and relative humidity 
from the National Centers for Environmental Prediction/ 
National Center for Atmospheric Research (NCEP/ 
NCAR) were used to analyze the variation in strength of 
Fantala as it was approaching the Tanzania coastal line. In 
addition observed rainfall from Zanzibar stations, Global 
Forecasting System (GFS) rainfall estimates and satellite 
images were used to visualize the impacts of tropical 
cyclone Fantala to Zanzibar. The results revealed that, the 
TC Fantala was associated with deepening/decreasing in 
slp around the northwestern Madagascar, whereas the 
mean SSTs was greater than 28ºC and an SSTs anomaly 
ranged from 0 to 2.3ºC. The vertical wind shear ridged at 
Mozambican Channel and over north eastern Madagascar 
was small enough to support the intensifying of Fantala. 
The thermodynamic and dynamic conditions of Fantala 
influenced heavy rainfall of greater than 170mm over 
most stations in Zanzibar. Moreover, Fantala disrupted the 
temporal variability of 2016 March to May (MAM) seasonal 
rainfall. Besides, more than 420 people were homeless, at 
least 3,330 houses were destroyed, and about 2 people 
died. Since strong TCs like Fantala had great impacts to 
the Tanzania coasts, there is a need to extensively examine 
the TCs rainfall impacts and their contribution during our 
OND and MAM seasonal forecasts. 
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Heavy metals are considered as the main inorganic 
contaminants in the environment due to their negative 
impact on living organisms and their disordering of the 
environmental balance. Port terminals and harbours have 
been known to play important roles in the economy 
worldwide through the transport and storage of traded 
goods; however, port activities are often associated with 
aquatic pollution and the spreading of contaminants along 
the different environmental compartments, such as the 
water, sediment and biota. Kilindi-Port Reitz Habour 
study was aimed at capturing the effects of industrial and 
maritime activities along the creek, including the influence 
from River Mwache, which drains its waters into the creek. 
The study was conducted in Novemeber/December 2016 
at six sampling stations to investigate the concentrations 
of eleven metals (As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, V, 
and Zn) in surface sediments in order to assess their 
quantity, distribution, contamination levels, anthropogenic 
impacts, ecological risks and speciation of sediment 
components as well as their sources. The results ranked 
the concentrations of total metals in surface sediments 
in descending order as: Fe >Mn >Zn >V >Cr >Pb >Ni 
>Cu >Co >As >Cd. Sediment ecological risk assessment 
showed metals were higher than the background levels, 
LAL but lower that ERL and thus summarized as: metal 
>LAL <ERL. Contamination factor (CF) and pollution 
load index (PLI) values categorized the sediments as 
polluted due to anthropogenic influence, whereas Geo-
accumulation index (Igeo) values indicated unpolluted 
sediments. The risk assessment code (RAC) found that 
sediments at various at various were considered to be 
highly dangerous to the Kilindini-Port Reitz creek system 
or living organisms and theses metals can also readily 
enter the food chain. Correlation analysis and hierarchical 
cluster analysis (HCA) showed that metals had common 
behavior, principal component analysis (PCA) showing that 
the major sources of metals in Kilindini-Port Reitz creek 
are engineering works, shipping activities, petrochemical 
industries, industrial activities, fuel tankers, gas carriers, 
atmospheric deposition and construction works within 
and around the creek system. The results further show 
that most metals were bound to the residual fraction (F4), 

meaning they are fixed in the crystalline phase suggesting 
that these metals originate from the natural sources, with 
low chances of release, hence can only be only be available 
after weathering or decomposition. However, the situation 
might worsen in future if not managed, given that there is 
already evidence of the presence of bioavailable metals in 
the creek system. 

Keywords: Heavy metals, contaminants, speciation, 
sediments, assessment 
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Background 

Whale Time is a special time of year (June to November) 
on the East Coast of South Africa when we are 
privileged to observe some of the whale species that 
frequent the KwaZulu-Natal coast. In particular, the 
Humpback whales migrate close inshore along the coast 
of KwaZulu-Natal between their summer Antarctic 
feeding grounds and the coastal waters of Mozambique, 
Tanzania and Kenya, Madagascar, the Mascarenes and the 
Western Indian Ocean Islands where they give birth to 
their calves. Previously decimated by whaling, protection 
measures have resulted in a strong recovery for these 
ocean giants that can be seen as early as May and 
through to December. The WILDOCEANS Whale Time 
Project’s goal is to bring science, conservation, tourism 
and community together around the key phenomenon 
of the annual migration of humpback whales (Megaptera 
novaeangliae) along the east coast of South Africa. 

Methods 

This multi-faceted project contributes to three main 
areas of work: 
1. the coordination and support of research done 

on the population status of the east coast C1-
stock humpback whales in order to gain a better 
understanding of population trends and any threats 
to the population

2. tracking the population increase of humpback 
whales as they recover from commercial whaling 
pressure that ended in the 1970’s in South Africa
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3. build and maintain partnerships with permitted 
boat-based whale watching operators to 
promote and sustain responsible whale watching 
in KwaZulu-Natal, and the generation of youth 
employment in local communities though eco-
tourism-based opportunities and 

4. providing quality public awareness information 
around whales and related marine conservation 
topics. 

Results 

Since its inception in 2017, the project has made big 
strides. The project is currently curating South Africa’s 
first east coast humpback whale catalogue of fluke images, 
photographed in their breeding grounds in Mozambique 
and in South Africa en route to and from their feeding 
grounds in the Antarctic, and continues to expand the 
catalogue with collaboration from the Department 
of Environmental Affairs (DEA). WILDOCEANS also 
spearheaded the latest of a long-term survey of the 
population status of migrating humpback whales, carried 
out in the iSimangaliso Wetland Park in July/August 
2018.  The survey forms part of a long-term survey of 
humpback whales which was designed and initiated in 
1988 to track the population increase of humpback 
whales as they recovered from commercial whaling 
pressure. Results between 1988 and 2002 suggested a 
population increase rate in the order of 9% per annum 
(Findlay et al. 2011). However, this work has not been 
updated for over a decade. The aim of this survey is to 
provide a relatively inexpensive and accurate means of 
updating the increase rate estimate of humpback whales 
migrating along the east coast of southern Africa, thus 
adding value to an existing data set. Fourteen youth have 
been trained as Whale Guides, hosting over 100 schools 
at the Port Natal Maritime museum and participated in 
over 30 boat-based whale-watching tours on the KZN 
Coast in the past two years. Eight of the ten alumni 
guides are either full-time or part-time employed or 
have chosen to further their studies.  Lastly, the project is 
currently working to facilitate Durban in meeting criteria 
to become a World Whale Heritage, which actively 
promotes cultural links with cetaceans through arts, 
music, science and education. This will allow sustainable 
development for coastal communities that depend on 
the marine environment by inspiring them to value their 
marine heritage. 

Conclusion 

Ultimately the WhaleTime project will continue to 
conduct local and interregional research, facilitate 
conservation efforts and promote responsible whale 
eco-tourism, which are all essential for the preservation 
of cetaceans in the South African and South West Indian 
Ocean. 

Keywords: Whales, eco-tourism, capacity development 
Theme: Marine Biodiversity and Threatened Marine 
Species
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Background 

Recent decline in conservation status and population 
numbers of Indian Ocean humpback dolphin (Sousa 
plumbea) and the Indo-Pacific bottlenose dolphin (Tursiops 
aduncus) in South Africa has risen concerns. Continued 
research has been highlighted as essential in order to 
re-evaluate the existing conservation management 
measures to reduce the consequences of disturbance and 
population vulnerability. This study investigated temporal 
occurrence patterns and activities of S. plumbea and T. 
aduncus in Plettenberg Bay using autonomous acoustic 
recorders and automatic detectors. Study objective To 
determine diel patterns and activities of coastal dolphins 
(S. plumbea and T. aduncus) using acoustic detections. 
Hypothesis In Plettenberg Bay, Saayman et al. (1973) 
reported that bottlenose dolphins were in active in the 
early hours of the morning, less active during the day and 
active again in the late afternoon with a peak at 17h00. 
In Algoa Bay, Karczmarski et al (2000b) reported that 
humpback dolphins were seen mostly in the morning 
and less in the evenings. Elsewhere, diel occurrence 
(with high nighttime occurrence) of dolphins have been 
reported (Lin et al. 2013a). It is hypothesized that the 
coastal dolphins are more active in nighttime. Saayman 
et al. (1973) and Saayman & Tayler (1973) reported that 
coastal dolphins were predominantly engaged in feeding 
activities when encountered in Plettenberg Bay. It is 
hypothesized that in Plettenberg Bay the coastal dolphins 
produce more echolocation clicks than whistles. 

Methods 

This study used Passive Acoustic Monitoring (PAM) to 
investigate the diel patterns and activities of S. plumbea 
and T. aduncus. Continuous acoustic recordings of the 
two coastal dolphins were collected in Plettenberg Bay, 
South Africa using DSG acoustic datalogger and the 
MicroMARS passive acoustic recorder. The hydrophones 
were deployed on a sea-floor mooring at 20 m 
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approximately 1km offshore of the Robberg 5 Beach at 
20 m of ocean depth, in close proximity to the Robberg 
Marine Protected Area. The DSG acoustic datalogger 
sampled at 20 kHz while the MicroMARS passive 
acoustic recorder sampled at 50 – 100 kHz. Land-based 
visual observations of coastal dolphins were conducted 
concurrently with some of the acoustic recordings. 
Observations were conducted from an appropriate 
vantage point in Robberg 5 overlooking the area where 
the acoustic recorders were deployed between 2015 
and 2017. They were conducted from sunrise to sunset 
(07:00 to 18:00) by either one or two observers. 
Automatic detector algorithms for echolocation 
clicks and whistles were used to analyse the acoustic 
recordings and an automatic detection protocol was 
developed based on the performance of the algorithms. 
The occurrence patterns of the coastal dolphins were 
investigated based on the variation in detection rates 
of echolocation clicks and whistles between different 
periods of the day. The visual observations that were 
conducted concurrent with the acoustic recordings 
were not sufficient to conclusively discriminate the two 
species. Therefore the two dolphin species were lump 
together as “coastal dolphins”. 

Results 

The detectors that were employed in this study achieved 
greater than 80% true detection rates and less than 
5% false alarm rates, at least for one of the two types 
of autonomous recorders that were deployed (the 
MicroMARS).Detection rates of echolocation clicks 
and whistles showed a diel pattern with higher night-
time than day-time occurrence and a peak in activity at 
dusk. During daylight hours, detection rates were higher 
in the afternoon to dusk than during the morning; this 
was consistent with the findings of visual observations 
that were conducted from land concurrently with the 
acoustic recordings during a subset of recoding days. 
However, low detection rates in the morning both from 
visual observations and acoustic recordings suggest that 
there has been a change in daily occurrence patterns 
compared with 50 years ago, when visual observations 
indicated a peak in occurrence during morning hours. 
Such a change may be influenced by changes in prey 
behaviour or distribution, or other factors. The 
significantly higher detection rates of echolocation 
clicks (than whistles) and the high frequency of short 
mean inter-click intervals (15 to 20 ms), suggest that the 
groups of coastal dolphins frequenting the study area are 
mainly feeding groups. This was supported once again 
by visual observations which showed a predominance 
of behaviour that was classified either as foraging or as 
travelling with foraging. 

Conclusion 

Automatic detectors are effective in detecting whistles and 
echolocation clicks produced by delphinids, and they are 
able to detect vocalizations even in noisy environments. 
Results from PAM showed diel patterns of occurrence 
of the coastal dolphins in the bay which could have not 

been achieved from visual monitoring, in particular the 
high night-time occurrence patterns. The higher night-
time activity may be related to the crepuscular behaviour 
and distribution of their prey. However, other factors 
may play a role. For example, Plettenberg Bay is subject 
to an increasingly high number of boat based activities 
by day, especially related to tourist activities such as 
marine wildlife viewing or sport fishing. Such activities 
are potentially a source of disturbance for the dolphins, 
which could influence their daytime occurrence patterns 
in the bay. Further research and monitoring using PAM 
could potentially assist to better understand the drivers 
of the dolphin occurrence and activity patterns in the 
bay. The bay appears to be an important feeding ground 
for the two coastal dolphin species.

ORAL – Wednesday, LT2, 1220
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Background
Located on the west coast of the Diana region of 
Madagascar, the incredible Nosy Hara Archipelago 
consists of almost 20 small coral islands. Its diverse coastal 
habitats including coral reefs, rocky shores, beaches, 
mangroves and seagrass beds support vital fisheries and 
internationally significant biodiversity and endangered 
species. Nosy Hara has been under national protection 
as a gazetted Marine Park since 2001 and is recognised 
as a site of regional and international importance in 
terms of global marine biodiversity (WWF Marine 
Ecoregional Assessment, CI Seascape) and of special 
importance for the protection of remaining populations 
of dugongs and sea turtles. Furthermore, there is a 
dearth of information on the population of dugongs and 
associated seagrass habitat in North West Madagascar 
and in the wider Western Indian Ocean region. This 
work aimed to collect data on these species and habitat 
and to support and strengthen protection efforts in the 
Nosy Hara Marine Park, which has been identified as the 
site of highest priority for dugong conservation in the 
country. In order to incentivize local communities for 
dugong conservation, we also developed programmes of 
community capacity-building and provision of incentives 
(healthcare, education and enterprises). 
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Methods

Madagascar National Parks rangers were trained to 
monitor gillnet use and instruct fishers in the release 
of by-caught dugongs. Further training was provided 
for both rangers and local community members in 
scientific and community-based dugong and seagrass 
surveys, fisheries reporting, business development and 
communications and outreach. The project supported 
the ongoing activities and materials for the Junior 
Ecoguard clubs (100 members) which continued to 
raise awareness of dugong habitats and wider marine 
conservation issues across the remote communities 
of the Nosy Hara Marine Park. Forty Conservation 
Ambassadors (members of the community responsible 
for environmental management and outreach) and over 
ninety local fishers were trained through the project in 
dugong observation reporting system, fisheries reporting 
system, outreach and communications. IEC materials 
were developed for the Junior Ecoguard Teacher Training 
Manual and Toolkit. Long term monitoring of seagrass 
using the ‘Seagrass Watch’ protocol and an incidental 
sighting system for dugongs were also established in 
coordination with the Park Management Committee. 

Results

Dugong hotspots were identified and mapped within 
the Marine Park and will be the focus of future research 
and strict protection and we are currently preparing a 
detailed status report on dugongs of Nosy Hara to inform 
management. Four local livelihoods were established; two 
duck farms in two villages and a community restaurant 
managed by a women’s association. Two schools were 
refurbished with furniture and books. A travelling 
healthcare service was provided to nine communities 
across the Park. A project steering committee was 
created via the existing Park Management Committee to 
report infractions and observations of dugongs. 
Conclusion

The general objective was to involve all community in 
dugong and seagrass conservation activities through 
engagement in the local conservation management 
committees. The fishing temporal restrictions were well-
respected but some illegal fishing equipment, such as 
spear guns, were reported in use. These issues were taken 
up by Madagascar National Parks with village authorities 
at the time to ensure they did not happen again. The 
incentive mechanisms and community capacity building 
and outreach contributed to reduce damage to dugongs 
and their seagrass ecosystems through the involvement 
of communities and youth in the protected area.

POSTER
Freshwater flow influences on river plumes and the 
distribution and abundance of small-pelagic fish on 
the South African coast 

LAMBERTH, S.J.1,4, COETZEE JC1, LAMONT T2, MERKEL 
D.1, VAN DER LINGEN C.1, VAN NIEKERK L.3,5 

1Department of Agriculture, Forestry and Fisheries, 
Private Bag x9087, Cape Town, 8000, South Africa 
2Department of Environment Affairs, Oceans and 
Coasts, Cape Town, 8000 South Africa 
3Council for Scientific and Industrial Research, PO Box 
320 Stellenbosch 7600, South Africa 4South African 
Institute for Aquatic Biodiversity, Private Bag 1015, 
Grahamstown 6140 South Africa 
5Nelson Mandela University, Port Elizabeth 

Anchovy, sardine and round herring are the backbone of 
the small-pelagic purse-seine fishery on the South African 
coast with catches at 400 – 600,000 tons per annum. High 
mobility, short life-spans, and feeding at lower trophic levels 
are life-history characteristics that make small pelagic 
fish sensitive to environmental influences and extremely 
variable in their abundance, distribution and recruitment. 
South African populations of anchovy and sardine are 
monitored by means of hydro-acoustic surveys conducted 
annually since 1984. Two main assessment surveys are 
conducted each year, including a summer spawner biomass 
survey which estimates the total size of the stock and 
a recruit survey in winter which estimates the number 
of fish that recruit to the population. In addition to the 
longknown association with upwelling cells, high densities 
of anchovy juveniles also appear to be associated with 
the river plumes of the larger catchments on the west 
and east coast. This is probably due mainly to the refuge 
offered by these turbid plumes, productivity fronts being 
of lesser importance in this upwelling dominated region. 
Nonetheless, high densities of anchovy persist in the 
plumes during years of low upwelling whilst much less or 
absent elsewhere. There also exists a positive relationship 
between river flow and anchovy density (lagged) within 
the vicinity of the larger catchments. Furthermore, given 
the generally strong relationship between recruitment 
and end-of-the-year spawner biomass it could also be 
expected that river flow, plume size and its influence on 
juvenile fish density may be another useful predictor of 
spawner biomass.
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Background 

Observed changes in climate in Cabo Delgado (Pemba 
city) suggest increases in average temperatures in 1.5˚C, 
later start of the rainy season and increased variability 
in rainfall. There are now lengthier dry spells in the dry 
season, and an increase in the number and frequency 
of extreme weather events, particularly floods and 
droughts. In many parts of the Quirimbas Islands, local 
conservation efforts are able to protect coral reefs 
from the effects of climate change more than most 
other places globally. Studies reveal that Northern 
Mozambique and the Quirimbas reefs represent the 
edge of a coral reef diversity center and have a variety of 
refuge, environmental variability, and high diversity that 
give these reefs a high potential to adapt to rapid climate 
change. The fishing activity is one of the main sources of 
income and subsistence based in the coastal communities 
in Quirimbas National Park (QNP). Some of these 
communities, mostly women, are engaged in collecting 
octopus and other resources from the intertidal zones. 
Therefore, one of the WWF Mozambique´s activities 
in QNP includes promoting community based octopus 
fisheries management approach to increasing resilience 
of coral reefs and marine and coastal communities 
through local and temporary octopus closures. 

Approach 

The octopus closures improve the resilience of the 
coral reef flats, as they allow corals to rest and recover 
during the period of no fishing and scraping over their 
coral covers. The communities fish substantially more 
octopus from the closed sites and achieve double the 
price, and can also diversify their food provisions and 
nutrition. Similar effects are observed from the existing 
saving and loan systems boosted by this fisheries 
‘community management. The octopus closures program 
was implemented in Cabo Delgado province in March 
2017 with Blue Venture´s technical support. WWF 
Mozambique has been facilitating the replication of 
this climate adapted initiative around the Quirimbas 
coastal districts of Ibo, Macomia, Quissanga and Metuge. 
From March 2017 up to date (February 2019), fisheries 
communities have implemented a cumulative number 
of eight (8) cumulative closures in six (6) different 

reef flats/sites distributed in two districts (Ibo and 
Quissanga), namely, Songossawe, Tchamba, Palussança, 
Kipaku, Mujaca, and Reiculo. All covering a total area of 
3.306 hectares and 61 months of closures. A specific 
monitoring and evaluation (M&E) matrix was developed 
and implemented for the octopus fishery management 
in QNP. Simultaneously, there is a Management Oriented 
Monitoring System (MOMS), which includes a specific 
module for octopus fisheries data collection, being led 
by CBOs members from Fishing Community Councils 
(CCPs), Natural Resource Management Committees 
(CGRN) and Women Octopus Fisheries Association 
(AMAP). These MOMS community officers have being 
delivering feedback results workshops to the Park and 
local government authorities, including, Attorney General 
of Republic of Mozambique (PGR). Disseminated results 
are not only related to the octopus catch/effort data, but 
also to law enforcement and compliance to other marine 
protected species in the area. Management measures 
against poaching and illegal trade of octopus and turtle 
meat are in place based on the feedback gathered from 
MOMS officers. 

Results 

From March 2017 to November 2018, six closures 
sites covering two thousand and five hundred hectares 
(2500ha) resulted in catches of more than twelve (12) 
tons of octopus and eight (8) of fish, with economic value 
of thirty five thousand one hundred and twenty American 
dollars (USD 35.120, 00). Improving the conservation 
status of the corals and marine resource diversity around 
the closures sites has result in increased recreational 
tourism activities (dive and snorkelling), as well as with 
significant increases in octopus´ Catch Per Unit/Effort 
CPUE. Some fishermen/women have reported substantial 
increases in their income during the reopening days, from 
100,00MT~2USD/day to 15.000,00MT~250USD/day, this 
due to significant increases on octopus and fish catches, 
from 0.5-2 Kg of octopus/day to 25-100 Kg of octopus/
day. The most recent reopenings (November 2018) took 
place on three reef flats (Tchamba, Songossawe and 
Kipaku) that had been closed for 8 months. The total 
catches from the three reopening days was more than 
4900 tons of octopus and 6400 tons of fish on three 
sites. During the first fishing day, 2.4 tons of octopus and 
331 Kg of fish were captured from only one site of 434 
hectares and 509 Kg of octopus and 3.3 tons of fish were 
captured from the third fishing ground of 622 Hectares. 
Previously to these three reopenings, a fourth octopus 
site (Palussança) with 176 Hectares was reopened 
totalling 3.5 tons of octopus and 350 Kg of high diversity 
of fish. Beside improvements on quantity, MOMS and 
M&E matrix has reported quality enhancements if 
comparing to the previous average catch reports of 
octopus, between 3.5 to 8.0 Kg per individual around 
Ibo, district. During the last (November 2018) reopening 
days, the largest registered individual weight of octopus 
was 6Kg, and the maximum catch per fishers was 118 
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Kg/day. During the reopenings, MOMS community’s 
officers, IIP technicians, students from Lurio University 
and WWF interns, all involved in the monitoring 
process, reported considerable number of individuals 
of octopuses measuring 150cm. The QNP fishermen/
women enthusiastically described the uniqueness of this 
initiative by emphasizing the significant increased income, 
e.g. Tonga Chande, fisherwoman from Palussança village 
said during the media´s interview: “before the octopus 
implementation I normally collected a total of 2 to 2.5 
Kg of octopus after six hours fishing. Today, I got 12 Kg 
in just 2 hours, and I sold all the catch and grabbed a 
total amount of 1.200, 00MT (~USD20). I will use this 
amount to diversify my family ‘meals, buying food that we 
haven´t eaten for long time, such as, beans. Furthermore, 
the project has strengthen the action plan developed 
under the MoU between WWF Moz and the Ministry of 
Sea, Inland Waters and Fishers. This based on promoting 
the community based fisheries management measures, 
including the elaboration of consistent octopus data 
collection system for the octopus fishing reopening 
days motivated by high catches, fishers and traders. The 
implementation of the MoU between WWF Moz and 
PGR, has also been reinforced around the QNP area, 
enhancing the local law enforcement strategies for the 
sustainable use of marine resources. 

Conclusion 

Due to this outstanding results, the events were 
massively disseminated in real time throughout local, 
national and international media, reaching a substantial 
number of 6.000 followers in December 2018, from 
disparate countries (Mozambique, USA, Brazil, Germany, 
Portugal, France, SA, Cape Verde, UK, Vietnam, etc) on 
the WWF social media/website. Prominently, one major 
outcome derived from this re-openings including the 
production and distribution of communication material 
(cartoons, posters, HD videos, banners, etc) of octopus 
closures as an efficient community fishery management 
tool, is the continuous interest shown by the head of 
Provincial Directorate of Sea, Inland Water and Fisheries 
(DPMAIP) on leading the lobby and advocacy work 
for the implementation of regulated/official octopus 
closures in Mozambique to improve the octopus fishery 
management at national level. 

ORAL – Thursday, G2, 1100
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Background

The Seychelles archipelago comprises 115 islands and 
is the smallest African country in terms of terrestrial 
area, but the second largest in terms of ocean area, 
with an exclusive economic zone of approximately 1.37 
millionkm2. It is a biodiversity hotspot and key marine 
ecosystems include coral reefs, seagrass beds, mangrove 
forests and the pelagic open ocean, all of which provide 
important ecosystem services including habitat, nursery, 
coastal protection, tourism and fisheries. With many of 
these ecosystems becoming increasingly impacted by 
anthropogenic stressors, our study provides a timely 
overview of past marine research in Seychelles, reviews 
the current status of known marine biodiversity and 
discusses current challenges and future research priorities. 

Methods

Firstly, we applied an ISI Web of Science literature search 
using specific keywords relating to Seychelles and the 
marine environment to generate a list of all published 
research available on the database. From this, we 
quantified research publications per decade, research 
topic and author affiliation to obtain an overview of 
marine research trends over time. Secondly, a list of 
all extant marine species from Seychelles (verified and 
accepted names only) were obtained from the African 
Registry of Marine Species (AfReMaS) database and 
assessed for similarity in species diversity (presence/
absence) between neighbouring states. These data were 
also compared with numbers of known species per 
various marine taxonomic groups as documented in the 
Seychelles National Biodiversity Report. 

Results

Published academic research from the marine 
environment dates back to the 19th century, with an 
exponential increase in marine research since the 1960s, 
although most of this research has been led or carried 
out by foreign visiting scientists. Early research disciplines 
included ecology, geology, chemistry and taxonomy, but 
over time these have expanded to include fisheries, 
climate change, pollution and genetics. Over 2400 
verified marine species are listed for Seychelles on the 
AfReMaS database, more than other small island states 
such as Mauritius and La Reunion, but less than some 
of the larger land masses in the western Indian Ocean 
such as Madagascar and Mozambique. In terms of species 
richness, Seychelles was most similar to Mauritius. The 
importance of marine ecosystems and their biodiversity 

11th WIOMSA Scientific Symposium 265



to Seychelles is evident through direct ecosystem 
services such as tourism and fishing, which form the 
backbone of the Seychelles economy. Threats to marine 
biodiversity include climate change (particularly ocean 
warming), overfishing (but also unregulated and illegal 
fishing), pollution and possibly invasive species, although 
there is little knowledge regarding the last of these. 

Conclusion

Research capacity in Seychelles remains limited and 
while biodiversity is fairly well documented for coastal 
habitats, little remains known about the deep sea. 
With an increasing drive for a Blue Economy, there 
is an urgent need for a better understanding of (1) 
overlooked habitats, (2) the ecology of key species 
and (3) connectivity between ecosystems if we are 
to balance healthy ecosystems and sustainable use of 
marine resources under a changing climate. 
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Background

Mangrove forests are coastal ecosystems that provide 
important good and services such as nursery for 
fisheries, sedimentation and coastal protection. 
Mangroves are also important carbon sinks, mitigating 
therefore climate change impacts. Despite their fully 
unknown value, mangrove forests have been reducing its 
area worldwide, mainly due to anthropogenic activities, 
such as aquaculture, pollution, and logging. To overcome 
mangrove forest degradation, restoration programs and 
good practice approaches have been taken place globally 
and in the WIO region in particular. Forest restoration is 
considered successful when the ecological attributes of 
the restored forest are similar to the natural one. This 
study compares both natural and restored mangrove 
forests as a measure of success of a once degraded 
mangrove forest whose restoration started in 1996. 
Highlight given to analysis of mangroves structural 
attributes (DBH, height, and basal area), pattern of 
regeneration and soil organic carbon quantity in both 
natural and restored sites in central Mozambique. 

Methods

for the mangrove structure comparison, 27 random 
quadrants (of 10x10 m) were collected and adult trees 
(diameter greater than 2.5cm) were measured for 
Diameter at Breast Height, height, tree condition and 
pole quality. For each 10x10 m quadrants, sub-quadrats 
of 5×5m were set to assess the regeneration condition 
of the forest, targeting individuals with less than 2.5cm 
diameter and height up to 300cm. Three regeneration 
classes (RC) were measured: seedlings (RCI: height 
150cm) and juveniles (RCIII: 150cm3 00cm). For Organic 
Carbon quantification, 14 samples of soils were taken 
using a corer of 1m, in depth intervals of 0-15cm;15-
30cm;30-60cm e 60-100cm depth, and later were taken 
for laboratory analyses using dry combustion method. 

Results

Natural and restored forest have the same specific 
composition (Avicennia marina, Ceriops tagal, Rhizophora 
mucronata, Bruguieira gymnorhiza and Xilocarpus 
granatum), but the dominance of each specie is different. 
In the restored mangrove forest, Ceriops tagal is the 
dominant species, while Avicennia marina dominates 
the natural forest. The poles density appeared greater 
in replanted areas than in natural areas (3050±38 trees/
ha against 3047±28 trees/ha respectively; however the 
difference was not statistically significant, p>0.05). The 
DBH and the mean height were different among the 
2 sites (p<0.0001), while density of trees was similar 
(p>0.05). The density of partially cut trunks and stems 
reveals that the two areas are under anthropogenic 
pressure. In the natural area there are more logs 
partially cut in relation to the replanted area, and the 
other cut levels are similar (607±59.22 and 258±15.23 
ind / ha respectively, p>0.0001). The ratio of live trees: 
stumps is lower in the replanted than in the natural 
area (2: 1 and 13: 1 respectively); however, there were 
no significant statistical differences between intact live 
tree densities and stumps in both areas (p>0.05). Small 
trees (diameter. between 2.5-5.5cm) were preferred 
for cutin the two sampling areas. The wood resources 
available in the replanted forest are mostly semi-straight 
(p<0.05) while in the natural forest there is more density 
of crooked stems (p<0.05). The density of straight stems 
is similar in both areas (p>0.05). The organic carbon 
quantity is statistically similar in natural and replanted 
stands (99.30±3.50 Mg/ha for planted and 93.14±5.939 
Mg/ha respectively, p>0.05), which suggests that organic 
carbon is not easily lost in the soil or that reforestation 
is capable of restoring organic carbon storage in soil. 

Conclusion

There are significant differences in the structure and the 
natural regeneration pattern of the restored and natural 
mangrove. Both forests are subject to human pressure 
(more intense in the natural forest) due to logging for 
fuel production and construction, on the other hand, the 
organic carbon in soil is similar among sites.
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Aquaculture is becoming a popular alternative source of 
income for coastal communities in Southwest Madagascar. 
More than 40 villages off the ~300km coastline are 
currently farming sea cucumber (Holothuria scabra) and/
or seaweed (Kappaphycus alvarezii) for commercial 
purpose. Since community-based farming trials in 2008, 
sea cucumber farmers increased to 172; their trepang 
production reached 327kg (2018). Farmers buy 15 – 20 
g juveniles from a private nursery (Indian Ocean Trepang) 
and grow them during 10 to 16 months in sea pens 
provided by NGOs. 1,800 households are also involved 
in seaweed farming reaching a production of 1,100 dry 
tons in 2017. Various off-bottom and semifloating farming 
methods are used, with all materials and technical support 
supplied for free by a private company (Ocean Farmers) 
providing farmers fulfill sustainability farming requirements. 
In both activities, farmers sell the final products to the 
supporting private company. Moreover, NGOs are 
involved with social organization and public institutions 
oversee administrative (Fishery Administration) and 
research (IH.SM) aspects. However, if it was expected that 
aquaculture would to reduce fishing pressure on coral 
reefs, a wild development of monoculture combined with 
suitable spaces saturation could also increase pressure 
on ecosystems. Diversification of cultivated species 
thereby becomes key to sustainable aquaculture. Several 
projects targeting environmental and social sustainability 
are being developed and implemented by the broad 
range of stakeholders involved to consolidate the existing 
production system and avoid unwanted impacts. Since 
2013, fFeasibility of coral farming within the area was 
proven through experimental projects launched in 2013. 
Today, several programs including coral nurseries, coral 
gardens, and artificial reefs are undertaken with farmers 
to raise community awareness. Moreover, community-
based polyaquaculture development is driven by a multi-
stakeholder model following relational governance 
principles, with all actors from communities, private sector, 

civil society and public institutions coordinating through 
regular meetings and discussion platform, After 10 years, 
this model remains the most promising alternative to 
declining coastal fishery and the better tool for coastal 
communities resilience to climate change. 

Keywords: Community-based Polyquaculture, 
Seaweed, Sea Cucumber, Coral, Southwest Madagascar, 
Relational Governance
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Coral reefs shelter more biodiversity than all other 
marine habitats despite prevalent oligotrophic conditions. 
Despite their low area coverage (less than 0.5% of the 
world’s sea floor) they have been able to provide critically 
important goods and services to over 500 million 
people worldwide, mainly through fisheries and tourism 
industries. Underpinning their success in nutrient poor 
marine environments is mutualism established between 
corals and members of the phylum Symbiodiniaceae. In 
recent decades, reef-building corals have been affected 
by multiple stressors including bleaching, which results 
largely from elevated sea surface temperature and 
exposure to excessive solar radiation, ultimately caused 
by global warming. Accumulating evidence demonstrates 
differential resistance to bleaching among coral-
Symbiodiniaceae partnerships; encouraging studies on 
the diversity and phylogenetics of Symbiodiniaceae. The 
majority of coral genera in the WIO region host a single 
genus of Symbiodiniaceae, of which the Cladocopium is the 
most abundant. Of the four genera that form symbioses 
with coral, Breviolum has not yet been identified in any 
coral samples collected from the WIO region except 
in Aptasia. Unlike in the Caribbean where Breviolum is 
common, its inability to form symbioses with reef building 
coral in the WIO region is not surprising because earlier 
studies have demonstrated its rarity in the Indo-Pacific. 
Examination of the existing knowledge reveals insights 
into both longitudinal and latitudinal partitioning of 
members of Symbiodiniaceae at genus level, throughout 
the Western Indian Ocean (WIO). While there is an 
increase in frequency of genera Symbiodinium with 
longitude, Durusdinium increase with latitudes towards 
the south. Contrary to expectations, due to decreasing 
sea surface temperature with latitude, there is an 
increase of polymorphic symbioses involving bleaching 
susceptible coral genera with latitude. This could partly 
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explain the low impacts of bleaching episodes in the South 
Western Indian Ocean. In order to substantiate this, we 
suggest long term monitoring of coral-Symbiodiniaceae 
symbioses in the WIO region. Such monitoring should 
take advantage of genetic approaches that can decipher 
the fine scale diversity of Symbiodiniaceae in coral tissues 
within a changing climate. 
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Change of Mangrove Cover in Pemba Bay 
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Mangroves are forest characterized by typical plants, 
associated plants and micro and macro algae that are 
accustomed to salinity variations, occur along the coast 
of tropical and subtropical regions. Mangrove forest is 
under great pressure mainly in developing countries. 
The objective of this work is to analyze the change of 
mangrove cover in Pemba Bay from 2013 to 2017 using 
Geographic Information System and Remote Sensing. 
Two-year satellite images were acquired at www.glovis.
usgs.gov. The images were processed from the ENVI 5.1 
software. After processing images, the mangrove area of 
Pemba Bay in 2013 was 5 243.6 hectares and reduced to 
4 521.6 in 2017, showing a reduction of 13.70%. Kappa 
indices and the overall accuracy index were 91.20% and 
95.05% respectively for 2013 and 2017 were 74% and 
82.89%, respectively. Were observed areas with positive 
changes, areas with negative changes and areas that 
not change coverage The main causes of the change of 
mangrove cover in Pemba Bay are the slaughter to obtain 
cuttings for construction, wood fuel and wood for the 
construction of houses, boats and in fishing instruments. 

Keywords: Change; Mangrove; Pemba Bay.
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Investigation of the genetic diversity within and between 
Nile and Rufiji tilapia was conducted. The double digest 
Restriction Associated DNA (ddRAD) sequencing was 
employed. The two tilapia species involved in this study 
were collected from Lake Victoria (Nile tilapia) and Rufiji 
River (Rufiji tilapia). In this study; the within and between 
population diversity indices were calculated in R software 
using the R adegenet package. The two tilapia populations 
studied followed the Hardy Weinberg Equilibrium. 
Average heterozygosity within populations was 0.79 and 
0.81for both Nile and Rufiji tilapia respectively. On the 
other hand, inbreeding values of each population were 
-0.42 and -0.85. In the the Nile tilapia population two 
individuals were found to cluster differently from other 
individuals. The two populations exhibited great genetic 
variability (FST = 0.81). In this study, five informative 
SNPs for population differentiation were identified. The 
SNPs included (X2829_6, X19997_133, X20371_110, 
X22163_32 and X30307_331). Such SNPs can be used in 
proof of identity of individuals from Rufiji and Nile tilapia 
populations even without any preceding information. The 
two studied populations can be used as the raw material 
in setting up a selective breeding program in Tanzania for 
the sake of improving aquaculture production because 
they have huge genetic diversity. 

Keywords: ddRAD, genetic diversity, Nile tilapia, Rufiji 
tilapia, aquaculture, SNPs 
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The rate of degradation of the peri urban mangrove 
forest in Kenya is approximately 5% per year. In particular, 
Tudor creek in Mombasa County, Kenya has lost over 
80% of the original mangrove forest cover in the past 
20 years majorly due to unsustainable utilization of the 
mangroves. However, restoration efforts of degraded 
mangrove sites within Tudor Creek have been initiated 
by local community since 2009 but the success rate has 
never been assessed. This study assessed the success of 
mangrove restoration efforts at Tudor creek Mombasa 
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initiated by Big Ship Community Based Organization. 
We compared the forest structures of mangroves at 
restored, pristine and degraded sites. One way ANOVA 
showed that the forest structure in the pristine and 
degraded sites differed significantly (P <0.05) but there 
was no significant difference in forest structure between 
the pristine and the restored sites (P >0.05). Mangrove 
logging was identified as the main stressor within the 
degraded sites. Our results conclude that mangrove 
restoration by the community initiatives are more that 
80% successful and therefore restoration efforts need to 
be up scaled. The study recommends public participation 
and integrated mangrove forest management.
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Background

Understanding the rules that shape the foraging 
behaviour of animals has been a central theme in 
ecology for decades, with a focus on optimal foraging. 
According to optimal foraging theory, it is predicted that 
animals will forage in such a way as to maximize their 
foraging efficiency i.e. net caloric intake per unit time to 
maximise fitness, by selecting food items with the highest 
energetic return. This can be achieved through different 
foraging strategies and/or food choices in their diet. 
Sandy beaches in particular, are interesting ecosystems 
to test optimal foraging as the resident consumers 
depend almost entirely on allochthonous resources, 
which are often unpredictable in their supply. One of 
the most common feeding guilds that have shown to 
be particularly dependant on such resources are beach 
scavengers. For this study, two globally abundant beach 
scavengers, namely ghost crabs (Ocypode spp.) and plough 
snails (Bullia spp.), were our species of interest. 

Ghost crabs are highly mobile decapod crustaceans found 
on the shores of tropical and sub-tropical beaches. They 
are typically nocturnal and are often seen scampering 
on the beach surface in search for food. They have an 
acute sense of sight and smell, which enables them to 
respond rapidly to prey or beach deposits. Their diet 
is highly varied, and they often occupy several trophic 
levels: they have the ability to deposit feed, scavenge 
and are known to engage in cannibalism. Plough snails 

on the other hand, are gastropods most common on 
tropical, subtropical and temperate beaches. They are 
carnivorous, and locate their food primarily by olfactory 
sense as they have no eyes. In attempts to reach prey, they 
either crawl along the beach floor or surf the currents 
along the shore.  Despite having very different foraging 
strategies, both scavengers have become well adapted 
to their environment and have sustained, in some cases, 
very large populations.

This study thus aims to determine whether these sandy 
beach scavengers show preferences for the food items 
they consume. The first objective was to test the food 
selections of ghost crabs (Ocypode ryderi) and plough 
snails (Bullia spp.) when presented with a choice among 
food items. Furthermore, for plough snails we tested 
whether their response to food items was consistent 
across all snail size classes, and if their response was 
a function of food (trimethylamine) concentration. It 
was hypothesized that sandy beach scavengers seek to 
maximize their foraging efficiency, in the sense of the 
optimal foraging theory, and thus it was predicted that, 
when presented with a choice (as in the case of ghost 
crabs), they will select the food item with the highest 
calorific content. It was also hypothesized that, because 
beaches have an erratic food supply, resident scavengers 
will be less selective of food items they choose when 
a feeding opportunity arises. It was therefore predicted 
that when food items are presented independently, as in 
the case of plough snails, individuals will respond equally 
in numbers towards a food item regardless of its calorific 
content. Furthermore, this response is predicted to 
be consistent across all snail size classes. Lastly, it was 
predicted that snail numbers would respond positively 
to the concentration of the food item’s cue.

Methods

Predictions were tested in situ at beaches in KwaZulu-
Natal (for ghost crabs) and Port Elizabeth (for plough 
snails), South Africa. Natural foraging conditions were 
simulated for ghost crabs and plough snails through 
simultaneous presentation and sequential presentation of 
food items respectively. For ghost crabs, food items were 
presented in the form of gelatine cubes which contained: 
liquidised pilchard (high calorific content), liquidised 
bluebottle (lower calorific content), blue-dye in the form 
of food colouring (colour control for bluebottle) and pure 
gelatine (control that was clear in colour). For each set of 
each of the four cubes, the food item first investigated and 
the first food item taken/consumed was recorded. 

For plough snails, whole food items were given: pilchard 
(high calorific content) and jellyfish (low calorific content). 
These were presented one after the other, ordered at 
random. For each food item presented, photographs of 
the demarcated sampling area were taken for the duration 
of 5 swashes, after which, all plough snails within a 15-
cm radius were collected and their shell length recorded. 
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All photographs were later processed and plough snail 
abundances recorded. Then, to test the response of plough 
snails to food concentration cues, five treatments were 
presented to the snails on the backwash of the swash 
in adjacent but separate plots in a random order. These 
treatments were a concentrated and diluted (with sea 
water) solution of liquidised fish and liquidised bluebottle, 
with a control of plain sea water. All snails in the sampling 
area that emerged from the sand in response to each 
treatment were collected and their shell size measured.

Results

Ghost crabs preferred pilchard (highest calorific content) 
significantly more often than other food types with a 
rank order of pilchard, bluebottle, blue dye and pure 
gelatine cubes. Similarly, snail aggregations responding 
to fish were significantly larger than those responding 
to jellyfish (lower calorific content). This was consistent 
across all snail size classes, but was not affected by food-
cue concentration. 

Conclusion

Both ghost crabs and plough snails showed preferences 
for calorie-rich foods, despite differences in their 
foraging strategies. For plough snails, this result was 
consistent across all snail sizes, but was not affected by 
the strength of the food cue (within the concentrations 
tested). It was therefore concluded that optimal foraging 
may hold true for both sandy beach scavengers through 
their individual foraging strategies and diet choices. They 
are therefore well adapted to their environment despite 
the unpredictability of their food supply.

POSTER
Assessment of abundance and characteristics of 
micro-plastics on beaches in Kilifi creek, Kenya 

LILLIAN MULUPI 

Pwani University P.O. Box 195-80108, Kilifi 

Email: lmulupi@gmail.com

A study is underway to determine the abundance and 
characteristics of micro-plastics. The objectives of the 
study are to determine the abundance and distribution 
of micro-plastics on beaches; describe the micro-plastics 
found on beaches and deduce the environmental effects 
of micro-plastics found on beaches in Kilifi creek. Sampling 
is carried out along three (3) transects each at four (4) 
locations - Seahorse, Nkoma, Kombeni and Konjora. Five 
(5) quadrats (dimension 0.25m× 0.25m) are randomly 
sampled along each transect; 15 samples taken for every 
location. The top layer of sediment (approximately 
3–6cm) is removed and sieved through a 5 mm sieve 
into a collection container. Items (including plastic) 
larger than 5 mm are discarded. The collected material 

is taken the lab for processing. In the lab, separation of 
microplastics from other collected matter will be done 
using a combination of sieving (items between 0.5 and 
5 mm), density separation (items between 200 and 
500 µm), and visual sorting. All samples will be passed 
through a series of mesh sizes (5mm, 4mm, 2mm, 
1mm and 0.5mm) and the retained material visually 
inspected for micro-plastics. All of the micro-plastics 
from each sample will be sorted by size, shape and 
colour. The length and mass for each particle recorded 
before being subjected to attenuated total reflection 
Fourier transformed infrared spectroscopy (ATR-FTIR) 
to determine micro-plastic chemical composition. The 
ATR-FTIR spectrum will be compared to a reference 
database to determine the type of micro-plastic (e.g. 
polypropylene, polystyrene, polyethylene). Differences 
in microplastics abundance and mass will be analysed 
with nested analysis of variance (ANOVA). The locations 
examined will be divided into two groups based on their 
marine influence, with Konjora and Kombeni influenced 
by freshwater discharge and forcing, and Nkoma and 
Seahorse more largely dominated by marine tides. The 
study will help understand availability of micro-plastics 
to marine life, and the risks they pose to the health of 
benthic communities, ecological processes and food 
security, and to effectively monitor and manage these 
risks. 

ORAL – Wednesday, LT2, 1120
Implications of meadow structural alteration on 
associated epiphytic fauna in Kenyan seagrass 
meadows 

LILLIAN NDUKU DAUDI1,2*, JACQUELINE NDUKU 
UKU2 AND MARLEEN DE TROCH1 
1Ghent University, Biology Department, Marine Biology, 
Krijgslaan 281 – S8, B-9000 Ghent, Belgium
2Kenya Marine and Fisheries Research Institute, P.O Box 
81651(80100), Mombasa, Kenya 

Structural alteration of seagrass meadows is known 
to influence the abundance and diversity of associated 
fauna.The aim of the study therefore was to determine 
the influence of seagrass structure on the distribution 
of epiphytic meiofauna. We hypothesized that the 
distribution and abundance of meiofauna taxa, 
including harpacticoid copepods would differ between 
meadows as a result of their specific seagrass structural 
properties. We examined abundance and diversity of 
epiphytic meiofauna, including harpacticoid copepods 
in Thalassodendron ciliatum meadows with differing 
structural complexities in terms of shoot density and 
canopy in the rainy and dry season. Meiofauna samples 
were collected through snorkeling by placing plastic 
bags over 5 – 10 shoots of Thalassodendron ciliatum 
and adding 8% Magnesium chloride (MgCl2) solution. 
These were passed over a 1 mm sieve (to remove 
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macrofauna) and a 38 µm sieve (to retain meiofauna). 
Biofilm were also collected from the leaves by scraping 
off using microscopic cover glasses for determination of 
epiphytic biomass (chlorophyll a) and diatom abundance 
(fucoxanthin) through pigment analysis. Shoot density 
and shoot length were determined within quadrats of 
25cm by 25cm. Shoot densities ranged from 296±16.3 
shoots m-2 in less complex habitats to 614.4±22.1 
shoots m-2 in more complex habitats while canopy 
height ranged from 27.7±2.0cm in less complex habitats 
to 43.6±1.2cm in more complex habitats. Biofilm 
chlorophyll a concentration ranged between 242-430 
µg/g of biofilm while fucoxanthin ranged between 40-
92 µg/g of biofilm being higher in less complex habitats 
compared to the more complex habitats. Similarly, 
meiofauna and harpacticoid copepod abundance 
increased with decreasing seagrass complexity unlike 
our expectations. However, diversities of meiofauna 
were higher in more complex habitats although 
harpacticoid copepod exhibited higher diversity in the 
less complex habitats. The higher epiphytic biomass 
(microalgae) observed in the less complex seagrass 
habitats that serves as a source of food for epiphytic 
fauna explained the greater abundance of epiphytic 
meiofauna at structurally less complex seagrass habitats 
relative to more complex habitats. Further, differential 
response of epifaunal groups to habitat complexity was 
observed and led to contrasting patterns of diversity 
with harpacticoid copepods showing higher diversity 
in less complex habitats. Our results therefore suggest 
that food resources rather than seagrass structural 
habitat complexity, were important in determining 
the distribution of epiphytic meiofauna assemblage, 
especially harpacticoid copepod communities 
associated with Thalassodendron ciliatum meadows. 
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Improving our knowledge of how seagrass meadows 
support global fisheries production using the Indo-
Pacific Seagrass Network 

LINA MTWANA NORDLUND1, LEANNE C. CULLEN-
UNSWORTH2,3, RICHARD K.F. UNSWORTH2,4 
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The significant role seagrass meadows play in supporting 
fisheries productivity and food security across the 
globe is not adequately reflected in the decisions made 
by authorities with statutory responsibility for their 
management. One initiative to change this situation and 
expand our understanding of seagrass-associated fisheries 
is the Indo-Pacific Seagrass Network (IPSN). The IPSN is 
a collaborative research network to build capacity and 
perform standardized, coupled social-ecological surveys of 
seagrass and associated fisheries across the Indo-Pacific. In 
2018, we published a study with a unique global analysis of 
three data sources to present the case for why seagrass 
meadows need to be globally appreciated for their role 
in supporting fisheries production and food security. A 
database was created to collate data. Our assessment of 
the diversity of fish species utilising seagrass meadows 
at some stage in their lifecycle by drawing on existing 
peer reviewed studies, resulted in 746 species of fish 
documented to utilise seagrass meadows the Indo-Pacific, 
486 in Australasia, 222 in the North East Pacific, 313 in the 
Caribbean, and 297 in the North Atlantic. Assessing this 
data shows that seagrass meadows were found to provide 
valuable nursery habitat to over a 1/5th of the world’s 
largest 25 fisheries, including the Walleye Pollock, the most 
landed species on the planet. Furthermore, an analysis of 
available small scale fisheries data (in metric tonnes) from 
13 locations across the tropics and sub-tropics found 
79±18% of species to be seagrass associated. We also 
presented evidence of global extent of seagrass meadow 
use as invertebrate fishing habitats. We found 108 global 
examples (65 literature reports and 43 expert witness 
observations) of low tide seagrass invertebrate harvesting 
by hand and on foot at low (or very shallow) tide, often 
referred to as ‘gleaning’. In many regions (e.g. Indo-Pacific) 
it is the accessibility (on a daily basis and in most weather 
conditions) and minimal gear requirements (facilitating 
those with limited income) that confer a sense of food 
security derived from seagrass meadows. Invertebrate 
gleaning activity is expanding globally, and we speculate 
that in the tropics increased coral reef degradation is 
leading to increasing reliance of people on seagrass 
invertebrate species for food. Invertebrate gleaning 
activities are commonly unreported and unregulated, 
which is problematic given their widespread status and 
apparent importance to food security in many areas, and 
especially the Indo-Pacific. It is likely that the sustainability 
of these invertebrate fisheries is compromised with 
localised evidence of 1 recruitment overfishing, loss 
of species and associated cascades, as well as concerns 
regarding the direct impact of fishing activity (e.g. trampling 
or using small tools) on the supporting habitat. Our 
findings highlight the need to expand research into the 
links that seagrass meadows provide in support of global 
fisheries production. Better information is needed on the 
characteristics and status of seagrass associated fisheries, 
and to achieve this, research and monitoring is required 
as well as policy that recognises the importance of these 
fisheries and the need to support their sustainability. Basic 
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information is also needed at a range of levels from the basic 
life history of many invertebrate species to the migratory 
behaviour of fish species as they move between different 
habitat types. As one step to improve our understanding 
of seagrass associated fisheries and their sustainable 
management, the Indo-Pacific Seagrass Network focuses 
the first collaborative transdisciplinary data collection 
(2018/2019) on invertebrate gleaning in seagrass. The core 
team in IPSN have developed four research protocols: an 
ecological survey of seagrass and unvegetated habitats 
and associated invertebrates; Gleaning landing survey; 
Socioeconomic and environmental survey of the location; 
and a habitat mapping protocol. Currently (Feb 2019) we 
have 37 research locations across the Indo-Pacific that 
have signed up for data collection. The research network 
is open to anyone that is interested in seagrass and 
assocoated fisheries and active in the Indo-Pacific. The data 
will allow for large-scale analysis but also local data to be 
published and shared with natural resource management 
institutions in these locations to create greater awareness 
of the importance of seagrass associated fisheries. 

ORAL – Thursday, G2, 1120
Advancing land-sea integration for ecologically 
meaningful coastal conservation and management 
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Background 

Coasts are among the world’s most valuable natural 
assets by providing numerous resources, being sites to 
enrich health and well-being, and holding spiritual value to 
define cultural identities. But coasts are also under intense 
pressure from cumulative human use and anthropogenic 
impacts from both the landward and seaward side, 
superimposed by stressors from climate change. Despite 
this state of valued systems under pressure, coasts – as 
a coherent ecological unit – have been poorly included 
in conservation plans because they are usually split 
into their ‘land’ and ‘sea’ components and evaluated 
separately. Even if planners intended to include the coast 
meaningfully in systematic conservation plans, this has 
been difficult because terrestrial, estuarine and marine 
ecosystem-type maps seldom align along the shore. This 
mismatch particularly compromises conservation and 
management of ecosystem types that span the ecotonal, 
intertidal interface, particularly sandy beaches that require 
the dune-beachsurf connections to be intact. Therefore, 
a key step in advancing coastal assessment, planning and 
management is to generate a fine-scale map of ecosystem 
types that is seamless across realms. We undertook this 
for South Africa, aiming to delineate the ecotone into 
ecologically meaningful zones comprising structurally and 
functionally appropriate ecosystem types. Our second 
aim was to define an ecologically determined coastal 
zone, and to summarise the ecosystem threat status and 
protection levels for the relevant coastal ecosystem types 
and compare the results to the non-coastal portion of 
the country. We hypothesized that, because coasts are so 
highly utilized and valued, they would be more threatened 
than the non-coastal areas, and that protection levels 
would be reasonably good given the existing coastal MPA 
network that has also been recently expanded offshore. 

Methods 

We defined and mapped (at <1:3000) the ‘seashore’ as 
the land-sea interface between the dune scrub-thicket 
break and the back of the surf zone. We also derived a 
set of rules by which the Provincial and National maps of 
coastal ecosystem types were integrated, and estuaries 
and estuarine shores were embedded in the adjacent 
terrestrial and marine maps. Rules were also set to 
identify coastal terrestrial and marine ecosystem types 
as part of the ecologically determined coast. Ecosystem 
threat statuses and protection levels, as calculated in 
the National Biodiversity Assessment 2018, were then 
summarised for the coastal zone, and compared with the 
non-coastal portion of the country. 

Results 

In our conceptual framework, the seashore is divided at 
the dune base into a landward ‘backshore’ and seaward 
‘shore’, with the inherent dynamic variability included 
in the boundary delineation and constituent ecosystem 
types. The ecologically determined coastal zone comprises 
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186 ecosystem types, including: terrestrial vegetation 
types that are coastal in their description and have at least 
70% of their extent within 10km of the shore; all estuarine 
functional zones; and marine ecosystem types out to 
the fair-weather wave base (seaward edge of the inner 
shelf) and all river-influenced marine ecosystem types. 
Proportionately, the South African coast has nearly four 
times more threatened ecosystem types (60%) compared 
to that for the non-coastal land and sea (16%). Although 
78% of coastal ecosystem types have some protection, less 
than a quarter meet their conservation targets, and 102 
coastal ecosystem types not meeting their targets are also 
threatened, which is 55% of all coastal ecosystem types, 
and 72% of all under-protected ecosystem types. Of these, 
13 are at the greatest risk, being Critically Endangered or 
Endangered and Not Protected. 

Conclusions 

The conceptual framework developed and applied here 
could be applied to any seashore. As expected, the 
South African coast is under high pressure, but there 
is good progress towards protecting the constituent 
ecosystem types. However, those that are currently 
under-protected need urgent attention, because most 
are also threatened. We describe what other tools this 
integration has unlocked, and how this has placed South 
Africa in a strong position to advance ecosystem-based 
spatial planning and integrated coastal zone management 
toward achieving the Sustainable Development Goals 
and Aichi Targets for its coast.

POSTER
Evidence of a green turtle (chelonia mydas) fishery in 
Lindi Region, Tanzania. 

LINDSEY WEST 

Sea Sense, PO BOX 105044, Dar es Salaam, Tanzania 

Email: lindsey@seasense.org

Background 

Lindi Region is situated in southern coastal Tanzania. 
Historical information indicates that green turtles 
(chelonia mydas) nested frequently on several beaches 
in the Region and egg poaching and direct take of 
nesting females was widespread. The existence of a 
targeted green turtle fishery has also been reported in 
Lindi Region whereby nets (known locally as ‘likembe’) 
were specifically designed to capture foraging turtles. 
While community based sea turtle monitoring and 
conservation programmes are well established at other 
locations along the Tanzania coast, Lindi Region was 
considered data deficient in relation to the current 
status of marine turtles. To address these knowledge 
gaps, a survey programme was designed to gather data 

on the distribution of nesting beaches, to assess current 
levels of nesting activity and to determine threats 
to nesting and foraging turtles from anthropogenic 
activities in the coastal zone. 

Methods 

Potential nesting beaches were identified using a 
combination of satellite imagery and information from local 
residents through community Focus Group Discussions. 
Surveys were conducted in 2015, 2016 and 2017. Foot 
patrols were conducted at 25 sites. Beach morphology 
(beach access, width, slope, presence/absence of beach 
vegetation) was assessed to determine suitability for nesting 
and evidence of nesting activity (presence of tracks, nesting 
pits and egg shells) was recorded. Current threats were 
noted (evidence of egg poaching, direct take, beach erosion). 
Interview surveys were conducted at 11 villages with the 
highest level of turtle poaching as identified during beach 
surveys. Citizens of each village were randomly selected to 
participate in the survey. 

Results 

15 of the surveyed beaches showed evidence of recent 
(within the previous month) green turtle nesting activity 
and an additional two beaches had profiles that were 
considered suitable for nesting. The density of nesting was 
low (average of 3- 4 nesting pits per beach). Community 
Focus Group Discussions revealed that poaching of 
eggs and females occurred at all nesting beaches and it 
was reported that meat from one mature turtle sold 
for USD 35 – 40. The impact of the trade in sea turtle 
meat was clear, with all of the village councils reporting 
a significant decline in nesting activity over the past two 
to three decades. During beach surveys, large numbers 
of adult and sub-adult green turtle carapaces were 
observed at fish landing sites and hidden in vegetation 
close to six of the beaches. At one site, 35 carapaces 
were observed with curved carapace lengths (CCLs) 
ranging from 63 – 101cm (SD±10). Four international 
flipper tags originating from Madagascar (1), Mayotte (1) 
and Seychelles (2) were surrendered to the survey team 
by local fishers. Evidence of a targeted turtle fishery was 
observed at all 25 sites (presence of likembe nets on 
beaches). 178 interview surveys were conducted. 44% 
of respondents (n=78) stated that a turtle fishery was 
active in their village. 71% of respondents (n=126) stated 
that turtle meat was consumed frequently in their village 
and trade was conducted openly. 1kg of turtle meat 
commonly sold for US$1. 79% of respondents (n=141) 
knew that turtles were protected and trade was illegal. 

Conclusion 

Based on the evidence presented (the existence of 
nesting females and migrating/foraging individuals 
from regionally important nesting sites in Mayotte and 
Seychelles), Lindi Region may be of greater national and 
regional importance to green turtles than previously 
recognized. Furthermore, Lindi Region lies in close 
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proximity to the Rufiji Delta – Mafia Island Seascape 
which has been recognised as a ‘Site of Importance to 
Marine Turtles’ through an initiative of the Indian Ocean 
South East Asia (IOSEA) Marine Turtle Memorandum of 
Understanding. There is likely to be strong ecological 
connectivity between marine turtle habitats in Lindi 
Region and the Rufiji Delta – Mafia Island Seascape. 
However, these habitats are threatened by persistent 
use of illegal and destructive fishing gears (beach seine 
nets and use of poisons) as well as a large scale industrial 
development (LNG plant). There is an urgent need to 
address illegal fishing in Lindi Region through capacity 
building for community based fisheries managers 
(Beach Management Units), community education and 
outreach programmes and improved enforcement 
efforts on the ground. 
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An assessment of nudibranchs (Mollusca: 
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Species form the basic unit of biodiversity. They provide 
economic, pharmacological and public health importance 
while some can be used as bio-indicators of either 
environmental quality or climate change. Cataloguing a 
list of species is also an element of biodiversity.  Without 
prior knowledge of the different species present in 
the same environment, it is difficult to move towards 
a sustainable management. Nudibranchs constitute one 
of the most diverse group of opisthobranchs. They are 
also known as “butterflies of the sea” as a result of their 
spectacular coloration. Nudibranchs are recognised to 
possess important pharmacological potency such as 
cytotoxicity to a number of tumor cell lines. They can 
also be used to detect and monitor fine-scale climate 
change along the coast. They are able to forecast ups 
and downs in the populations of other species with 
long pelagic larval periods. Reports of nudibranchs 
occurrence from Mauritius Island date back from 1832 
arising from expedition and systematic records. The 
most recent review of the biodiversity of opisthobranchs 
in Mauritius date back to 1991 whereby 23 nudibranchs 
species belonging to eight families were identified. 
The present study aims to provide an inventory of 
nudibranchs species from the lagoon of Mauritius. It 

outlines a list of species found in three study sites: the 
south west part of Mauritius, near Port Louis areas and 
at Pointe aux Feuilles. Samples were collected through 
snorkelling during daylight at both low and high tides. 
Specimen collected were morphologically identified using 
characters such as dorsal and ventral colour pattern, 
length of specimen, presence or absence of rhinophore 
and gill sheath. DNA were also extracted but not yet 
amplified. This is still an ongoing research, with the aim of 
sampling throughout the coast of the island for a period 
of two years, employing both snorkelling and scuba diving. 
A total of 17 specimen have been collected till now and 
morphologically identified. Species collected belonged to 
seven families. Out of the 17 specimen collected, 29% 
belongs to the Phyllidiidae, equal amount of species 
belonging to the Chromodorididae and Polyceridae 
(24%) were also found. Phyllidiidae are known to display 
themselves during daylight which might explain the high 
percentage of phyllid recorded. Species belonging to the 
family Dorididae, Discodorididae, Dendrodorididae and 
Proctonotidae were also collected. Specimen identified 
includes Dendrodoris nigra, Martadoris limaciformis, 
Platydoris scabra, Phyllidiella meandrina, Phyllidiella cf. 
meandrina, Phyllidia ocellata, Phyllidia marindica, Phyllidiopsis 
gemmata, Doridoidea sp.2, Janolus sp.1, Tyrannodoris 
luteolineata, Tambja morosa, Tambja affinis, Hypselodoris 
whitei, Hypselodoris infucata, Hypselodoris pulchella and 
Goniobranchus conchyliatus. Most species have been 
collected in the south west region of Mauritius where 
the environment is identified as pristine. Surprisingly, 
nudibranchs species have also been observed near Port 
Louis area which is regarded as polluted. It contained five 
species belonging to the family Chromodorididae and 
Polyceridae. This study demonstrates that nudibranchs 
can adapt to a wide range of habitats. Studying the way 
nudibranchs can adapt to such polluted environment 
would broaden our knowledge towards their biology. 
Providing an inventory of nudibranchs species in 
Mauritius is highly important, not only because they 
provide key molecules of medical importance but also 
to be able to design better ways of conserving them in 
the future, if the need arises. With a wide maritime zone 
and considered as a striking biodiversity hotspot, further 
species might be recorded from Mauritius. 

Keywords: Nudibranchs, Mauritius, inventory, 
Chromodorididae, Phyllidiidae, pollution
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Background

Madagascar is an Isle and with more than 5000km of 
coasts and numerous stretch of water, the sector of 
fishing takes an important place in the country’s economy. 
That fishing is the principal activity of the Vezo, population 
of the south-West of Madagascar who are known 
to experiment the small scale fishery. Nowadays, the 
aquaculture is developing in the Ranobe’s bay. It encloses 
13 villages of fishers which include Andrevo, all in the 
longer of the South west coast. Before, if fishing product’s 
evacuation to customer village faces serious problems due 
to the lack of transportation, conservation of products 
and the damage of terrestrial road, an urban planning of 
road infrastructure project of the RN9 (Route National 9) 
was realized which aims to eliminate and improve the bad 
condition of the secondary road of South West’s region 
of Madagascar on offering an infinite link and secured 
conditions of good’s circulation. Seaweed farming and sea 
cucumber farming also compose an alternate income, 
constant for fisher’s family and contribute to fishing 
pressure’s decreasing with diversifying the activities in the 
village. That’s why this research concerning: the dynamic of 
halieutic and aquatic activities in the village of Andrevo was 
done. The main objective is to understand the working of 
these activities for a sustainable development of fishery 
and aquaculture on that area. Specifics goals consist to 
analyze the level of this village’s exploitation on identifying 
and characterize the primary actor of this activity and also 
the gears which are employed, following the dynamic of 
fishery and aquaculture, especially the fishing effort, catch 
and the plane of production, defining commercialization’s 
structure of products and finally identifying problems 
which underlay this action. 

Methods

The working had begun with consultation of books for 
collecting information related with the topic and the 
survey zone firstly and secondly to complete essential 
data for understanding the operation of fishing and 
aquaculture in this area. Social, economical research 
and a follow-up have been made on adopting the simple 
sampling strategy. That field work was distributed on two 
activities such as: socioeconomic enquiry which includes 
individual interview, household survey and focus group 
for the fishers and fishing activity monitoring which 
set the fishing effort monitoring and catch monitoring 
during 7weeks of survey, on 28th of October till 20th 

of December 2017. Data processing was done with the 
help of an informatics support on following the ordering 
of survey guidelines saved on a data base in an excel 
spreadsheets and STURGE formula. 

Results

Person meted are actor of small fishing and aquaculture 
activity (fishermen, fish and sea food whole sealer, 
collecting, subcollecting, retailer, farmers and consumer), 
as well as the head of the area. 8 types of different gear 
are used by fishermen such as: gillnet, harpoon, fish line, 
beach Seine, bottom Seine locally called Draoto, fish rifle, 
mosquito and longline. On average, 236.3 dugouts (all 
gear mixed-up) exist per day to do fishing. 50 species 
contained by 35 families was listed. The middle capture 
by dugout per day change about 7.50 kg. On the other 
hand, aquaculture is an alternative activity of fishing. If 
the production of seaweed varies from 9000 to 70000kg 
per year, the sea cucumber depends to the quantity 
of delivered organisms. 1 The using of Draoto and the 
absence of equipage relative on the exploitation of 
halieutic resources activity were identified as responsible 
of rarefaction of resources. These anomalies could be 
reduced if the exploitation is made on a regular basis 
taking in account the standard of fishers living. 

Conclusion

This survey leaded at the village of Andrevo, Rural 
Township of Manombo Sud, District of Toliara II, South 
West Region, made us to understand the working of 
halieutic and aquaculture activities on this area. As it 
aims to study the dynamic of small scale fishery and 
the aquaculture in this village, this study had allowed to 
pull the important points on the general organization 
of the village resident, socioeconomic characteristics 
of fishers and especially the fishing effort and catches 
from inquiry outcome and the monitoring of fishing 
activity. No any dugouts modernization or gear has 
been found. However, the fishing presents a dynamic 
which is noticed within the practical of this trade 
and the results of its activity. The development of 
aquaculture is promoted thanks to the existence of 
exports products like red alga(Rhodophyceae) and 
sea cucumber on account of the presence of favorable 
area for this activity especially the buoyant market by 
the way of exporting society as Indian Ocean Trepang 
(IOT) and Companie de Peche Frigorifique de Toliara 
(COPEFRITO). The village of Andrevo takes up the 
third place in the production of alga within Toliara’s 
region with an annual production raise from 9.435t on 
2014 to 71.825t on 2016. Otherwise, the insufficiency 
of material, the increasing scarcity of resources and 
the fall in prices of products are the major problems 
which halieutic and aquatic sectors encounter in this 
village. It’s due to the use of destructive gears and 
practical, the monopolization of the market by some 
subcollecting and the non-enforcement of regulations 
owing to the nonrespect of the local regulation 
called Dina. Therefore different Non-Governmental 
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Organization (NGO) had been brought to help fishers 
in technical training within sight of the development 
such as: Reef Doctor, World Wildlife Fund (WWF), 
Blue Ventures (BV), Transmad and the Vondronolona 
Ifotony (VOI). In short, fishers affirmed that there 
is no confrontation concerning the multiple use of 
space occupancy between these two socioeconomic 
activities which are fishing and aquaculture. 
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Background

Environmental education is one of the indispensable pillars 
to amaze, sensitize and give birth to new behaviors among 
children, citizens of tomorrow. The islands of the Indian 
Ocean share an exceptional reef heritage that unfortunately 
deteriorates under human pressure, resulting in significant 
loss of biodiversity. These ecosystems are, however, a source 
of many benefits for local fisheries, coastal protection, and 
the development of recreational and tourism activities. In the 
interest of all, coral reefs require enhanced protection, coupled 
with awareness programs to ensure their protection. Reef 
protection requires a better knowledge of the ecosystem, 
as well as subsequent changes in daily behavior. Researchers 
have shown that there is a real gap between the knowledge 
gained in awareness programs and the implementation of 
positive actions on a daily basis. This is even more true for 
coral reefs, as they are “hidden” below the water surface and 
therefore difficult to apprehend globally. In this research, we 
launched a discussion based on our own field experience to 
identify what is missing in the current outreach programs to 
overcome the gap between knowledge and conservation 
action. Our field experiment comes from three islands, La 
Réunion, Mauritius and Seychelles, with contrasted social 
and economical contexts as well as major differences in the 
educative system. Overall, the objective was to develop the 
program PAREO “The heritage of the Indian ocean’s coral 
reefs in our hands” to transmit the knowledge from research 
to children, in an innovative way, which could be exported to 
any islands in the region. 

Methods

A fiedltrip in Mauritius and Seychelles, was the opportunity 
to meet the local nongovernmental organisations (NGOs). 
Their experience in outreach program was confronted with 
this gained from the class interventions in several islands of 
the Indian Ocean using the with the MARECO educational 
toolkit developed by the Research Institute for Development 
(IRD) and this acquired during the implementation of the 
Educative Marine Areas (EMA) in Reunion. 

Results

We identify four steps that need to be addressed if 
the goal is to encourage active changes in behavior in 
sensitized people. These steps are 1) Understanding 
the functioning of coral reefs to avoid shortcut and 
inappropriate conservation actions, 2) Connecting him/
herself to the environment to link theoretical knowledge 
to the real environment, 3) Encouraging the passage 
from knowledge to active conservation by suggesting 
actions that are feasible at the scale of an individual 
or a small group, and finally 4) strengthening the links 
between science and society to radiate the conservation 
actions up to the decision-makers and inspire others. We 
then looked for the appropriate tools to develop each of 
these steps in a full outreach program. The educational 
toolkit MARECO has already proved its worth in the 
Indian Ocean, France and New Caledonia. It seemed 
particularly adapted to transfer the scientific knowledge 
on coral reef in an original and fun way. The three 
educational supports in the kit cover a variety of topics 
such as biodiversity, the food chain and the use of the reef 
by humans that help to better understand these complex 
ecosystems. To link this knowledge to the reality, we 
thought of organizing underwater trail on the reef. Yet it 
may leave aside the non-swimming children and is often 
limited to the shallow lagoon. Innovative technologies 
can be a way to bring the reef to the children without 
getting wet. It is now possible to organise live dive, take 
360° video of the reefs and assess the reef structure 
using aerial view from a drone. The artistic creation is 
also a way of connecting children to their environment 
as it helps to look at it from a different perspective. We 
therefore suggest that a local artist may work with the 
children to produce a sculpture, a painting or else that 
will deal with the natural and cultural heritage associated 
with the coral reefs. We noticed that few educational 
supports exist to encourage the passage from knowledge 
to active conservation. In particular there is a lack of 
support to understand the impact of oversfishing, waste 
dumping, and soil leaching from the watershed, which 
are priority themes for reef conservation. We propose 
to organize a workshop with different stakeholders to 
build these tools based on existing ones which need 
to be improved. Finally, making visible the conservation 
actions help to strengthen the links between science and 
society and can be really encouraging. Through children’s 
words, the threats to the coral reef appear much clearer. 
Furthermore, the management measures proposed by 
the children encourage each citizen to act responsibly. 
Our idea was to organize a special day where the 
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children will expose their work and talk to their parents 
and the local decision-makers on what they learnt and 
what they suggest for the future. 

Conclusion

This research has allowed developing an original outreach 
program, which is submitted for funding to Region 
Reunion (INTERREG), Europe and France, to be tested 
in the schools of Reunion, Mauritius and Seychelles. 
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“Promotion of inland fish farming as an alternative 
income source for the small scale fishermen” 
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The marine resource in southwestern Madagascar is under 
an intense exploitation which may lead to the rarefaction 
of resources. The rarefaction of resources will, however, 
reduce the income of the small-scale fishermen. There is 
an urgent need of providing alternative source of income 
to the local fishermen. An experiment conducted in 2013 
showed the efficiency and suitability of floating cage for 
rearing freshwater fish in southwestern Madagascar. Based 
on the output of this experiment and the existence of 
wetland zone along the northern part of southwestern 
Madagascar, the feasibility of inland fish farming as a 
source of income for the local household were tested. 
This research project which was funded by IOC (Indian 
Ocean Commission) and the EU (European Union) aims to 
assess the feasibility of fish farming in the villages. Different 
independent experiments based on the effect of fish density, 
water change, and food type (by-product from small-scale 
fisheries, and the periphyton-based system) on the growth 
and survival of Tilapia. Two replicate for each density (1 
individual per m2 and 2 individuals per m2) were tested in 
four ponds of 49m2 . Two replicate for each water change 
frequency (one water change per month and one water 
change per couple months) were also conducted on four 
pounds of 49m2. Comparison of three varieties of food 
based on by-products were experimented on three ponds 
of 144m2. A comparison of one variety of food based on a 
byproduct with for the periphyton-based system was also 
tested on two ponds of 144m2 . 30 individuals per month 
were measured and weighed for monitoring their growth. 
The monthly assessment of fish survival was performed 
during the monthly water change for the ponds with one 
water change per month, and using a small net for the ponds 
with one water change per couple months. As results, fish 
growth were significantly higher in density 1 individual 
per m2 (with 237.24±3,10 g against 169,97±5,17 g for 2 
individuals per m2), in one water change per couple month, 
and by using a by-product based on octopus as livestock 

food. Regarding the survival of fish, no significant differences 
were observed when comparing the survival rate from 
each experiment. However, livestock survival appeared to 
be greater in density 1 individual per m2. The present study 
allowed to determine the suitable process for sustaining and 
implementing the inland fish farming in the coastal village 
of southwestern Madagascar. Promoting such activities in 
the coastal village will likely reduce intensive fishing in the 
coastal water, increase income for local communities. 

Keywords: Intensive fishing, alternative activity, 
experiments, fish farming, coastal village, Madagascar
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Background 

Data are fundamentally part of scientific and social 
research. It is a versatile good that exists as both the 
raw material and the product of knowledge itself. ‘Open 
science’, or freely accessible research and data is only 
possible if data are managed. A lack of, or limited sharing 
of data results in “slow” science. The practical aspects of 
data management remain a struggle for many research 
communities. The Western Indian Ocean Marine Science 
Association (WIOMSA) is an important contributor 
of data, information and knowledge to the benefit of 
regional and national coastal and marine spatial planning. 
Currently, the location, state, availability and accessibility 
of a substantial regional investment in spatial data (and 
other) is not apparent. While there may be a repository 
of reports and other written outputs, the data underlying 
the MASMA-funded research is not discoverable and 
therefore not available or accessible for re-use. This paper 
reports on a survey of data governance and management 
practices in the WIOMSA community. It concludes with 
potential strategies and policies for WIOMSA in order 
to improve the return on investments made in data 
generation through, e.g., MASMA, and others. 

Methods 

The project team used three methods to gather data 
and information to address the objectives of this project. 
The first was a desktop review of literature relating 
to data management and governance practice that is 
relevant to WIOMSA and its institutional objectives. 
Secondly, Principal Investigators (and their institutions) 
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of MASMA projects were questioned about their 
project data management and governance practices. 
This was done using a structured questionnaire in 
three parts, viz. S1 Project details; S2 Project data 
outputs; and S3 Data management. The objective of this 
questionnaire was to evaluate the extent and manner 
in which MASMA funded projects are compliant with 
international standards of data management. Finally, the 
project team analysed four data management scenarios 
for possible implementation by WIOMSA. 

Results 

The MASMA Programme has funded 48 projects up to 
the end of 2017. Eight of these projects were ongoing at 
the time that this project was undertaken (see Appendix 
10.5). Questionnaires were sent to all Primary Investigators 
and 18 completed or partially-completed responses were 
received. This represents a 37.5% return of the total 
number of projects funded. The questionnaire requested 
Project Investigators to provide the detail of at least three 
datasets that were produced during the life-cycle of the 
MASMA project (normally 3-4 years). This resulted in 62 
datasets being listed by Project Investigators. Key findings 
are the paucity in the generation of metadata (only 29%) 
and the lack of adherence to the use of standards for data 
or metadata. Most of the data are quantitative with very 
little spatial attribution for any of the data generated. As 
expected, the reported data formats favoured the use of 
spreadsheets, with rare examples of data being stored in 
databases. The large category of MASMA investigators 
reporting data stored in “other formats” require better 
resolution and possible action, depending on the actual 
formats used. As a result of the lack of metadata, the 
data can only be found indirectly, or “stumbled upon”. A 
worrying tendency is the number of MASMA investigators 
(of completed projects) that list their data as conditionally 
available or unavailable due to use-restrictions. Although 
there may be legitimate reasons why data are not available, 
the combination of a lack of metadata and the imposed use-
restrictions implies that a very small proportion of data are 
in the public domain and available for re-use. Most projects 
suggested the existence of data management plans but the 
request for details of such plans indicated that such plans 
were not formally developed. Also, more than half of the 
dataset could not be found other than through word of 
mouth and contact with a project team member. In general, 
the responses to the questionnaire indicated a very low 
effort in maintaining discoverability of data. 

Conclusions 

From the findings of the questionnaire on current MASMA 
data governance, it is clear that there is substantial scope 
for the improvement of data management and the 
contribution of MASMA data and products to open data 
for the WIO region. It is feasible the MASMA Programme 
to make small changes in how is recognises the importance 
of data, which, if converted into action, will result in a 
substantial improvement in the return on investment in 
data generation. This assessment describes four scenarios 
for the improvement of data management of the MASMA 
Programme data. The scenarios were defined according 
to actions relating to the creation of metadata, the use 
of identifiers (both data and people), adherence to the 
FAIR (findable, accessible, interoperable, usable) principles, 
the creation of DMPs, and the expenditure of resources 
for data management. The scenarios were also assessed 
according to the contribution to achieving the objectives of 
this project, which were to: 1) monitor and evaluate the use 
of MASMA data for regional impact; 2) communicate the 
value of MASMA project outputs, outcomes and impacts, 
including the long-term value of regionally important 
data; 3) reduce duplication of investment in data; and, 4) 
ensure that MASMA data can be known (discovered) and 
contribute to a regional pool of knowledge. The scenarios 
were: 1. MASMA “Business-as-Usual”: where WIOMSA 
undertakes no actions to improve data management 
of its funding programme 2. MASMA Metadata: where 
WIOMSA only requires the creation of metadata 
according to the ISO 19115 and Dublin Core standards; 
and the metadata is curated and published by WIOMSA 3. 
MASMA Open Data: where WIOMSA requires metadata 
data creation according to the mentioned standards, but 
also that project teams submit metadata and data to 
stable international, regional or national data platforms 
or repositories. 4. MASMA Data System: where WIOMSA 
invests in the development of its own data and metadata 
curation, storage and publication systems. It is conceivable 
that WIOMSA could play a meaningful regional role to 
provide guidance and leadership with regards to good 
data management. This role could only be defined if the 
Association firstly improves its own data management 
processes and procedures, and negotiates this role with 
other regional agencies. The authors grateful acknowledges 
the discussion with, comments and input from Lucy Scott 
regarding the regional outlook for data management. 
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Background

Coral reefs are the most productive and biologically 
diverse of known marine ecosystems. Reefbuilding corals 
are building blocks of reef ecosystems. The last decades 
has seen coral reefs around the world face unprecedented 
degradation. Rising sea surface temperature, as a result 
of global warming, in combination with high light 
intensity is a prominent cause of widespread coral 
bleaching. The vulnerability of corals to bleaching tends 
to be highly variable within geographical locations, 
between and even within cnidarian genera resulting 
in differential bleaching patterns. The existence of 
thermally-susceptible as well as thermally-tolerant coral 
taxa and symbiont types are recognised as the main 
drivers of corals‘ heterogeneous responses to thermal 
stress. However, besides these factors, other biological 
traits involved include modulation of expression of heat 
stress response genes and proteins, antioxidant capacity, 
recovery of energy reserves and photoprotection. Most 
of these factors remain to be thoroughly studied in-
situ. In Mauritius, during the bleaching events of 2009 
and 2016, bleaching of one of the most abundant 
reef-building corals, Acropora muricata, was found to 
occur at reef sites but not in colonies situated near 
the coast of Belle Mare. Colonies of A. muricata at reef 
and nearcoast habitats are separated by less than 1km. 
These observations suggested that near-coast colonies 
of A. muricata developed capabilities to withstand light 
and thermal stresses, thereby resisting bleaching. Thus, 
it was hypothesised that near-coast A. muricata colonies 
(1) have a thermotolerant host genotype, (2) harbor a 
thermotolerant Symbiodinium clade, or (3) modulate the 
expression of heat-stress related genes and proteins. 

Methods 

Acropora muricata colonies were sampled at near-
coast and reef sites, two times a year, in 2014 and 
2016. The bleaching status of each colony sampled 
was recorded. The temperature of seawater and light 
intensity were recorded by data loggers for 24 hours 
at regular 15-minute intervals during both summer 
and winter sampling days. The host population genetic 
diversity was assessed by multilocus genotyping using 
the four polymorphic microsatellite primers Acr1- 4, 
Acr45, Acr166, and Acr207. The genetic diversity of 
Symbiodinium sp. was assayed by phylogenetic analyses 
of the 18S ribosomal RNA gene. The expression of 
the heat shock protein, hsp70 gene, was measured in 
host by quantitative real-time PCR. The modulation of 
the expression of host Hsp70 and Hsp60 proteins was 
measured by Western blotting. 

Results 

In this study, significant spatio-temporal differences were 
observed in environmental and biological parameters 
between the two stations. Whilst in 2014, no bleaching 
was observed, a bleaching event during the 2015/2016 
El Niño occurred, affecting mostly colonies at the reef 
station. Data recorded on sampling days show that 
both stations experienced comparable maximum mean 
temperatures. However, the near-coast station had daily 
mean temperature fluctuations approximately 2-fold 
higher (2-3oC) than the reef station (1-1.5oC). Significant 
differences were observed in patterns of regulation of 
the hsp70 gene and Hsp70/Hsp60 protein in healthy 
and bleached colonies collected from near-coast and 
reef environments respectively. Such differences were 
significant despite the studied A.muricata colonies had 
genetically identical host genotype and that they were 
hosting Symbiodinium from clade A irrespective of station 
and season. 

Conclusion 

Taken together, results bring further field evidence that 
frontloading of heat-stress tolerance genes may be 
involved in maintaining physiological resilience during 
frequently encountered environmental stress. The results 
of this research work could lead to better understanding 
of bleaching resilience and subsequent application for 
more effective reef management strategies. 
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Small scale fishers in developing countries may use fishing 
gears that are considered destructive and/or illegal to 
make a living from their catch. Among them mosquito 
nets are known to catch mostly juvenile fish but very few 
studies have provided biological evidence to support that 
hypothesis in tropical areas. To address this knowledge 
gap, this study determined the size of maturity of fish 
species caught by mosquito seine net in seagrass beds off 
Ankilibe village, southwestern Madagascar. The catches of 
two seine fishers were sampled three days per month at 
full-moon from October 2017 to April 2018. A sample of 
the catch of a single fishing haul was retained per fisher 
and per day and analyzed in the laboratory. Identification 
based on CO1 DNA barcoding was adopted for taxa 
name assignment. The minimum size at maturity (Lmin_
mat) was retained to determine the proportion of 
juveniles/adults for all species in the catches because 
the determination of L50 (the proportion of individuals 
with gonads in function of standard length) encountered 
problems. A total of 34,518 individual fishes belonging 
to 48 families and 166 species was obtained from 42 
samples. The smallest individual (0.6cm SL) was observed 
for Pempheris [BOLD: AAD1777] while the largest 
(47.7cm SL) observed for Fistularia commersonii. Among 
dissected individuals (8,523), 16% presented gonads. 
Lmin_mat was obtained for 62 species. We conclude 
that: 1) Lmin_mat is more adequate to determine size 
at maturity of small-sized tropical fish species and to 
classify them as juveniles or adults; 2) most of species 
(94.6%) in mosquito seine net catches include juveniles; 
and 3) few species (5.4%) include adults only. 

Keywords: Small-scale fishers, Madagascar, mosquito 
seine net, size at maturity, juvenile fish
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Background 

Subtidal seaweeds are among the most significant 
marine ecosystem engineers (i.e. seagrass communities) 
worldwide. These marine ecosystems form key 
productive habitats and deliver crucial ecosystem 
services, such as providing coastal protection, nurseries 
for many marine species and supporting commercially 
important fished species. However, their continued 
economic and ecological services put these ecosystems 
at increased risk. As anthropogenic pressures expand 
and intensify, these marine ecosystems become more 
susceptible to human induced habitat alteration, 
degradation, and decreased ecosystem resilience. The 
successful protection and management of these marine 
ecosystems is dependent on our ability to assess the 
extent and condition of these ecosystems. The aim of 
this study was to create a national map of the South 
African subtidal seaweed ecosystem types for inclusion 
in the National Biodiversity Assessment 2018. Secondly, 
this study sought to assess the ecosystem threat status 
of these ecosystems by evaluating the anthropogenic 
pressures impacting these marine ecosystems in an 
approach aligned to the emerging IUCN global redlist 
of ecosystems. 

Methods

This study was constructed based on a hypothesis that 
current remote sensing (RS) platforms and techniques 
can be used to consistently map seaweeds and seagrass 
ecosystems of the marine realm. Secondly, the study 
assumed that most anthropogenic pressures that impact 
these ecosystems have a footprint that can be mapped. To 
attain the first goal, we developed a novel technological 
approach for extracting the vegetation index of seaweeds 
from advanced Remote Sensing imagery. The vast inter/
subtidal macro-algal beds were used as a case study. 
Making use of Geographic Information Systems, the 
spectral bands 2 (Blue), 3 (Green), 4 (Red) and 8 (Near-
Infrared) (at 10m resolution) were isolated and used to 
calculate the Normalized Difference Vegetation Index 
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(NDVI). An NDVI threshold of -0.2 was set to detect 
vegetation that is submerged while excluding non-plant 
material. The results were subjected to Observational 
and Supervised Classification to determine the accuracy 
of the developed method to detect NDVI-values in both 
clear and turbid waters. The observational classification 
depended on time series imagery form Google Earth 
and previous maps of kelp forest extent developed in 
2006. The final accuracy assessment included conducting 
an error matrix. The second goal was achieved through 
assessing the ecosystem threat status of these marine 
ecosystems. An expert-based workshop was held 
where pressures (including seaweed harvesting, 
multiple fisheries, coastal-development and waste water 
discharge etc.) with measurable ecological footprints 
were identified. The functional impacts of each pressure 
were evaluated and scaled by intensity (0-10), and rates 
of recovery to pristine state scales from 1 to 10 years. 
A spatial pressure map was developed using cumulative 
frequency pressure mapping. The pressure impacts were 
then used to develop a pressure map and to develop 
a protection level status for these ecosystems. These 
facilitated the assessment of the ecosystem condition 
using the International Union for Conservation of 
Nature (IUCN) Red List for Ecosystems (RLE). 

Results 

The high resolution and deeper water column 
penetration of Sentinel 2 platform gave the developed 
method an advantage when compared to previous 
monitoring and mapping studies. Firstly, the mapping 
detected higher canopy seaweeds at a low cost and the 
method can be easily modified to fit mapping of other 
marine vegetation types. In some areas (i.e. less turbid) 
greater water penetration enabled detection of large 
subtidal macro-algal beds. The supervised classification 
accuracy assessment (error matrix) of the ability of this 
method to detect kelp beds was 76%. The pioneered 
NDVI algorithm for the coastal intertidal rocky shore 
area detected a variety of seaweed species although 
it could not yet discern between species. Therefore, 
ground truth-data availability served as a major limitation 
for this study. Although there are other areas with 
subtidal seaweeds, especially on the east coast, there is 
no reference data to include these on the map, therefore 
only kelp forest ecosystems were mapped at this stage. 
Using the IUCN-RLE Criteria 3 which assesses the extent 
and severity of ecosystem degradation, all 3 seaweed 
ecosystems types were assessed as Vulnerable. The 
linefish, shellfish, and lobster fishery contributed most 
to the ecosystem degradation underlying the threatened 
status of these important ecosystems. Priority actions to 
reduce pressures on seaweed ecosystems and restore 
ecosystem condition will be discussed. Further work 
is needed to apply other IUCN criteria and align with 
international efforts and threat assessments. 

Conclusions 

The developed mapping approach not only successfully 
mapped kelp forest ecosystems but shows how remote 
sensing and GIS can be applied to mapping and monitoring 
of sea-grass and other marine vegetation types. This 
study serves as a major milestone in the application of 
new coastal and marine technology in the mapping and 
monitoring of marine ecosystems to support science-
based management in the marine environment.
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The Ski Monkey: a platform used by the 
Department of Environmental Affairs to advance 
offshore benthic research in the Western Indian 
Ocean 

L. SNYDERS1*, Z. FILANDER1.2, T. HAUPT1 AND T. 
SAMAAI1 

1Biodiversity and Coastal Research, Oceans and Coasts, 
Department of Environmental Affairs, Cape Town, South 
Africa 

2Zoology Department, Nelson Mandela University, Port 
Elizabeth, South Africa

Email: lsnyders@environment.gov.za

The development of under-water infrastructures such 
as baited/unbaited cameras and benthic ski or tripod 
cameras to document deep-water biodiversity has 
advanced offshore benthic research globally. The less 
destructive nature of benthic cameras, provide invaluable 
data on habitat, growth forms, associations and densities 
that otherwise is not obtainable from direct benthic 
sampling approaches such as trawling, dredges and grabs. 
Moreover, these tools are an excellent means to conduct 
baseline assessments using standardized research, crucial 
for long term monitoring. In 2010, the DEA acquired an 
underwater camera system, known as the ski-monkey, 
to document benthic hard reefs and aggregations on 
unconsolidated sediment beyond SCUBA diving depths. 
The ski-monkey configuration can be changed to collect 
video/images either in a towed position (on ski’s), a 
vertical position (drop camera on tri-pod) or attached to 
the bar of a trawl net. The housing apparatus is pressure 
tested to approximately 700 m and this coupled with 
the multiple possible configurations makes this tool 
highly versatile, allowing for surveys to be conducted 
across a range of gradients. The ski-monkey system is 
fitted with (a) three lasers used to determine the size of 
animals in the field of view, and an abundance estimate 
in the 50 x 50cm frame; (b) two flash lights and two 
24 volt LED lights that serve to illuminate the darker 
depths of the ocean; (c) a detachable mini CTD that 
measures conductivity, temperature and depth and (d) 
an altimeter to record point specific depth from the 
bottom of the ocean. The ski-monkey also produces live 
feed in real time and is linked to an interior control panel 
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to receive high definition images/videos of the benthos 
and associated organisms. Location and site specific 
geographic information is also recorded. However, 
despite the optimal functionality of the camera system 
in generating an array of data, and being less destructive, 
operational and technical problems have proven to be 
challenging. As a result, we have refined and finalized a 
protocol compatible to any ship operation. Here we 
share lessons learnt through surveying and operating the 
ski-monkey in different depths, terrains, environmental 
conditions and ship platforms. Over 50 stations have 
been collectively surveyed from various expeditions 
(e.g. IIOE2, DEA VME) which yielded the first visuals 
of the seabed across a 40-500 m depth range. Notable 
surveyed ecosystems range from the Agulhas region ( i.e: 
the Bank, shelf edge, hard outer shelf, and offshore hard 
grounds/ gravel); Canyon hard grounds in South Africa; 
to the Tanzanian mud belts, Mozambican sandy shelf, and 
the volcanic shelf off the Comoros. These underwater 
video/image observations are contributing to a better 
understanding of the deep-water ecosystems in southern 
Africa. The presentation will highlight the do’s and dont’s 
of operating a deep-water camera system off a vessel 
platform, demonstrate the technical difficulties and how 
this can be overcome to make this system effective to 
document deep water habitats and biodiversity. 

ORAL – Wednesday, G1, 1140
Sea level drop: extreme tide event affects corals 
and benthic organisms on the reef flats of Reunion 
Island in the South West Indian Ocean 

LUDOVIC HOARAU1,2,3, PASCAL MOUQUET4, 
SYLVAIN BONHOMMEAU2, ALEXIS CUVILLIER1,5, 
LIONEL BIGOT5, LOLA MASSÉ6, TOURIA BAJJOUK7 

13R: Rehabilitation of Reunion Island Reef, 97435 Saint-
Paul, Réunion island, France 

2IFREMER, Délégation océan Indien, Rue Jean BERTHO, 
BP60, 97822 Le Port, Réunion island, France 

3CEDTM: Centre d’Étude et de Découverte des Tortues 
Marines, 97436 Saint-Leu, Réunion island, France 

4IRD / UMR ESPACE-DEV, Antenne SEAS-OI, 40 Avenue 
de Soweto, 97410 Saint-Pierre, Réunion island, France 

5UMR ENTROPIE 9220, UR CNRS IRD, LABEX « Corail 
», Université de La Réunion, Avenue René Cassin, CS 
92003, 97744 Saint-Denis, Réunion island, France 

6GIP Réserve Nationale Marine de La Réunion 39, 
rue du Lagon, Dayot 1, 97434 La Salineles-Bain, 
Réunion island, France 

7IFREMER, DYNECO/LEBCO, BP 70, 29280 
Plouzane, France

Email: ludovic.remy.hoarau@gmail.com

Coral reefs are shaped by natural disturbances such as 
cyclones or unusual meteorological events that can 
drastically change the reef building coral’s composition 
and structure. Among these, extreme low tides may cause 
large-scale mortality events in shallow reefs, due to an 
unusually long direct exposure to air and solar stresses. 
However, research is limited on this reef disturbance and 
few studies have documented the effects of expanded 
negative sea level anomalies (nSLA) on coral reef benthic 
communities. In this study, we report an extensive coral 
mortality event induced by a nSLA that occurred on the 
reef flats of Reunion island (South-West Indian Ocean, 
SWIO), during the austral winter season between May 
and October 2015.We conducted a global analysis to 
ascertain the impact of the nSLA on reef building corals 
and other benthic organisms through in situ observations 
during the nSLA event and long-term Global Coral Reef 
Monitoring Network (GCRMN) data (18 years). Finally, 
we used high resolution remote sensing imagery and Lidar 
bathymetric data to assess the full spatial extent effects of 
this disturbance on coral reef flat. The nSLA corresponded 
to a rapid drop of 40cm of the mean sea level, lasted from 
the 25th of May to late October 2015. The sea level was 
at its lowest in the past 18 years. Coral bleaching and 
mortalities increased along the SLA temporal gradient 
at various patches of the reef flat communities. The 
nSLA event affected mainly the upper part of the coral 
colonies, while some lower parts of corals, that remained 
immerged did not present any obvious damage. Other 
benthic organisms were also observed to rapidly bleach 
and die during the event such as seagrasses and crustose 
coralline algae. A total loss of 49.7% in mean coral cover 
was observed on reef flats when comparing the data 
collected before (January 2015) and after the nSLA event 
(November 2015), which corresponds to a decline in 
coral cover from 54.5±12.7% to 27.4±6.9%. We found 
no consistent changes in coral communities’ structures 
but important decline in coral cover following historical 
important nSLA events. High resolution remote sensing 
imagery and Lidar bathymetric data revealed the full 2015-
nSLA spatial extent effects on coral cover of Saint-Gilles 
reef flats. We estimated that at least one fourth of all 
living corals died during the event, near half (48%) of living 
corals was affected in Saint-Gilles reef flat. Deeper based-
substrates along the bathymetric gradient demonstrated 
a higher resistance to 2015- nSLA. The drastic decline of 
Reunion island reef flats coral cover was concurrent with 
a vast nSLA throughout Mascarenes islands, suggesting 
that similar mortality could be widespread for reef flat 
communities in the SWIO. The historical records of 
altimetric data also suggest that such acute sea level falls 
were not unique in Reunion island, therefore these events 
could be more determinant in shaping Reunion island reef 
flat seascapes than formerly considered. Further analyses 
should be conducted to determine the full extent of 
consequences of these nSLA on coral reef ecosystems. 
Particular attention should be given to predict these events 
and monitor their frequency and intensity in the light of 
rapid environmental changes for better reef management.
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ackground

Women are widely understood to be a vulnerable sector 
of society, but are largely underrepresented in fisheries 
management. Studies investigating women’s adaptive 
capacity, especially to climatic changes, are currently 
limited. Across the tropics, women use seagrass beds and 
inter-tidal zones for harvesting, or gleaning, invertebrates. 
Despite the long history of gleaning, information is 
limited for women’s activities and capacity to adapt to 
climatic changes, such as increased levels of rainfall. With 
IPCC climate predictions of increased rainfall across the 
West Indian Ocean, I investigated how seasonality, in 
particular heavy rainfall, affects seagrass and invertebrate 
communities, and women’s adaptive capacity in Zanzibar. 
In this case study, I explored how indicators of adaptive 
capacity change based on livelihood variables, such as age 
and fortnightly expenditure, in times of heavy rainfall. 

Methods

I used household and key informant interviews to 
generate indicators of social adaptive capacity. To assess 
the seagrass and invertebrate diversity in the intertidal 
zones, I used women’s perceptions of the intertidal-
zone, landing surveys and ecological surveys. I ran mixed 
models on nine indicators of adaptive capacity to compare 
between the dry and rainy seasons, and to explore how 
indicators vary between different groups of women. I ran 
paired t-tests to assess differences in livelihood variables 
between seasons. 

Results

In this case study, women reported that invertebrates 
were most abundant during periods of rainfall, which is 
thought to be as a result of decreased gleaning effort. 
Women identified that seagrass is their preferred gleaning 
habitat. Rainfall may therefore provide a recovery time for 
seagrass beds and associated invertebrates. Biodiversity 
inventories and landing surveys identified seven species 
of seagrass, and between 23 and 31 species of fish and 
invertebrates across the three study sites. Managers of 

the Menai Bay Conservation Area reported no formal 
monitoring of gleaning catches or women’s gleaning 
activities, and monitoring of intertidal zones for impacts 
of coastal development were limited. Women’s reliance 
on fluctuating resources means it is vital they can adapt. 
In this study, I found total adaptive capacity scores were 
not significantly affected by rainfall, but dimensions of 
adaptive capacity were. Of the nine tested dimensions of 
adaptive capacity, women’s occupational multiplicity was 
likely to be most affected by heavy rainfall, with elderly 
women being most vulnerable. 

Conclusion

Future management and monitoring are required to 
assess changes in seagrasses and associated invertebrates, 
to help protect resources, income and assure food 
security for future generations. From this case study 
we can derive lessons for fisheries development, and 
highlight the need for management which considers 
women to satisfy both the needs of the environment and 
human development. 
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Introduction 

The coast of Mozambique extends along 2,740km. 
The fishing activity in this region has a great economic 
importance, being especially valuable those vessels 
targeting crustaceans over the continental shelf. In 
addition, other components of the marine fauna remain 
poorly known. During March and April 2007, 2008 and 
2009, three research surveys were conducted onboard 
the Spanish R/V Vizconde de Eza by scientists of the 
Spanish Institute of Oceanography, in order to assess 
the crustacean stocks occurring in the Mozambican 
EEZ at depths of 100 to 700 m in 2007, and 200 to 
700 in 2008-2009. All species caught were identified 
and sampled, including cephalopod species. Nototodarus 
hawaiiensis was present all over the study area, and the 
specimens were highly abundant in certain zones and 
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depths. However, despite its relevance, this species was 
cited recently, for the first time, based on data collected 
during these surveys detailed above (Silva et al., 2009). 
Therefore, these results provide novel information 
regarding biological aspects, and more detailed 
information of the abundance and distribution patterns 
of this species in Mozambican waters. 

Methods 

The three surveys were conducted from mid- March 
to mid- April. The study area extended from 26º50’S to 
17ºS covering a depth range between 100 and 700 m. 
For sampling purposes, the area was divided into five 
geographical sectors from North to South: 1 (Sofala),  
2 (Bazaruto A), 3 (Bazaruto B), 4 (Boa Paz) and  
5 (Inhaca). Five bathymetric strata were considered for 
each sector: A “100-200” (only in 2017 survey), B “200-
400 m”, C “400-500 m”, D “500-600 m” and E “600-700 
m”. The geographical position of fishing stations was 
selected following a stratified random sampling scheme. 
The number of hauls per geographical sector and depth 
stratum was made proportional to the trawlable area. 
The total biomass and the biomass by stratum and sector 
were calculated using the swept area method. Thus, a total 
of 126, 108 and 106 valid hauls of 30 minutes were carried 
out during the three surveys, respectively. The study of 
reproductive biology was carried out during the survey 
in 2009, with a total number of 1451 squids sampled. The 
biological parameters registered were the dorsal mantle 
length (DML), body weight, sex and maturity stage using 
a six-stage maturity scale (Juvenile, Immature, Maturing, 
Mature, Spawning, and Post-spawning). Size at first maturity 
(DML50%) was estimated after fitting, by the least squares 
method, the relative length-frequency distribution of 
mature individuals to a logistic curve. 

Results and Conclution 

N. hawaiiensis is a relatively abundant species in the whole 
study area.  The species showed a wide bathymetric 
range from 100 to 700 m into the prospected area, 
being more abundant in the Southern area (Inhaca-Boa 
Paz) than in the Northern area (Sofala Bank). The values 
of total estimated biomass were 43,528 tons (2007), 
10,768 tons (2008) and 17,311 tons (2009), being the 
species more abundant in the 2007 survey and one of 
most abundant in the two later surveys. In all years, the 
highest value of biomass was observed in the upper 
continental slope, particularly in the strata B (200-400m) 
and C (400-500m), for all geographical sectors explored. 
The biomass was much reduced in the shallowest and 
deepest strata, showing less than 200 t in each stratum. 
The results obtained from the biological sampling 
showed a 1:1 sex ratio. Length-weight relationships 
were similar in both sexes. Sizes (DML) ranged from 6 
to 22cm, being the biggest one a female specimen. Two 
small modes were observed, mainly in the northern area 
(Sofala and Bazaruto A) with 7 and 11cm, respectively. 

Individuals with a mode of 16cm were observed in all 
sectors. The smallest and largest mature males found 
had 7 and 18cm DML, respectively. In females, sizes were 
bigger than those sizes presented in males, with 14 and 
23cm, respectively. First maturity sizes estimated (DML 
50%) were 13cm for males and 17.6cm for females.  
These differences between sexes with higher maturity 
sizes in females are similar to those described in most 
cephalopods species. These novel findings show the 
importance of N. hawaiiensis, in terms of biomass in 
waters off southern Mozambique. In addition, this is the 
first time that biological information is provided in order 
to improve the current knowledge of this species in this 
area of the eastern Indian Ocean. 
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Introduction 

In recent years, cephalopod fisheries in Cabo Delgado, 
North Mozambique, are reaching certain importance at 
social and economic levels. The octopus Octopus cyanea 
Grey (1847) is the main species caught, followed by the 
oval squid Sepioteuthis lessoniana Férussac (1831). Both 
species inhabit in shallow waters and are widely distributed 
in tropical areas in the Indian and Pacific oceans, being 
especially abundant on coral reefs of North Mozambique, 
including bays and beaches with sea grass in the case of 
the oval squid. Its artisanal fishery for octopus constitutes 
a subsistence activity for local communities, which have 
been traditionally carried out by women and children by 
using metal spears to catch the animals while walking on 
the coral reefs during low spring tides. In recent years, man 
has become more involved in this fishery by snorkelling, due 
to higher market demand. However, oval squid fishery has 
been traditionally carried out by men onboard the small 
artisanal canoes by using jigging.  Additionally, this species is 
caught as by-catch using hand hook lines and by beach trawl. 
In order to know the main biological and fishery aspects of 
this species, a first study was carried out in the province 
of Cabo Delgado, North Mozambique, by researchers of 
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the Spanish Oceanographic Institute (IEO) in collaboration 
with researchers of the Fishery Research Institute of 
Mozambique (IIP). This study was managed by the Sea 
Technology Center of Spain (CETMAR), and funded by the 
International Fund for Agricultural Development (IFAD), 
into Artisanal Fisheries Promotion Project (PROPESPA). 

Methods 

This first study was carried out in 2014 and 2015, 
during March-April and October-November months, 
in both years. The main fishing areas on the mainland 
and in the Quirimba Archipelago were visited to collect 
relevant information of the fishery through interviews 
with fishermen/fisherwomen and biological samplings. 
Ictiometers and digital scales were used to get individual 
dorsal mantle length (DML) and body weight. A maturity 
scale of 5 and 4 stages was used to assign the stage of 
maturity in females and males, respectively. Length-weight 
relationships were also estimated for both sexes. Sizes 
at first maturity (DML50%) were estimated by the least 
squares method, after fitting the relative length frequency 
distribution of mature individuals to a logistic curve from 
the expression: Pi = 1/[1 + exp[−(a + bDMLi)]], where 
Pi represents the relative frequencies of fully mature 
individuals in length class DMLi, a and b are the regression 
constants. A summary of fishery information was 
obtained with the interviews and biological samplings by 
district and landing beach, estimating the average CPUE 
and potential fishing effort. In the last visit, a poster on 
good practice in octopus fishing was distributed and 
explained in all coastal community in order to achieve 
more sustainability in this fishery. 

Results and Conclusions 

Octopus cyanea: A total of 576 octopuses were sampled 
throughout the different districts, with 221 males and 
220 females included in the biological study. A wide range 
of sizes were found in all samples carried out along the 
coast, including the islands. The individual average DML 
was higher in the north District (Palma, Macomia) than 
in the south District (Pemba, Murrebue), showing the 
average body weight a similar pattern. For both sexes, 
the values of the “b” coefficient indicated that this 
species did not show an isometric growth in weight. 
The smallest mature octopuses measured were a male 
of 6.5cm (150 g) and a female of 10.7cm (900 g). Size 
at first maturity (DML 50%) was estimated at 8.6cm 
in males and 14.3cm in females. Reproductive period 
covers almost the whole year, with the main spawning 
pick in May-June. The presence of small octopus all year 
round, the post-spawning and spawning females found in 
the samples, as well the wide sizes ranges obtained, could 
corroborate this fact. Two periods characterized by high 
and low yields were identified through interviews with 
fishermen: the rainy period “November-March” with 
a low yield, and a dry period “JuneAugust/September” 
with a high yield. The number of fishermen increased 
in periods of good yield, causing migration of people 

to coastal areas looking for octopus. The high fishing 
pressure in the southern area throughout the whole 
year could cause lower yields, as well as the reduced 
average body weight and size of octopus caught. 
Sepioteuthis lessoniana: 433 oval squids were sampled 
along the different district, mainly Palma, Macomia and 
Ibo, with 182 squids indeterminate, 168 sexed and 83 
squid eviscerated. Oval squid is caught in beach with sea 
grass and over coral reef. The size and weight ranges 
sampled were 27-3cm and 925-10 g, respectively. By gear, 
the beach trawl caught the smaller squids, with average 
size of 6.3cm, while jigging and hand hook caught the 
bigger specimens, showing an average size of 15.1cm. For 
both sexes, the b coefficient values indicated that this 
species does not show an isometric growth in weight. 
The smallest mature oval squids measured were a male of 
11.5cm (90 g) and a female of 13.3cm (120 g). Size at first 
maturity (DML 50%) was estimated at 16.2cm in males 
and 16.8cm in females, although this slight difference in 
size could be increased with a higher sampling coverage. 
Reproductive period covers almost the whole year, with 
a main spawning activity in spring/summer. The presence 
of small squid all year around, as well as the wide sizes 
ranges found may corroborate this insight. This fishery 
needs small canoes to be developed, which is an 
inconvenient to increase this activity, as evidenced by the 
reduced number of fishermen, with an estimated range of 
290- 530 fishermen in periods with low and high activity, 
respectively. Dried squid have lower commercial value 
that fresh squid. This fact also reduces the possibility 
of performing of this activity. Increasing presence of 
electricity in coastal areas and the improvement of rural 
roads will revalue the squid economic value as well as the 
expansion of this fishery in the region. Further analyses 
including fishery and biological aspects of this species are 
highly recommended to achieve the sustainability and to 
maintain the artisanal activity. 

POSTER
Seaweed farming a key to coastal community 
livelihood subsistence and a menace to blue carbon 
storage in western Indian Ocean, should it be 
advocated? 

LYMO.  L

The effect of seaweed farming on species diversity in 
coastal waters was investigated in 2016 to 2017 in two 
villages Wingwi and Chokocho in, Pemba Island Zanzibar. 
The villages were selected based on their potential in 
seaweed farming. Six transects each 200m long were 
deployed in each site, the distance between transect 
was 5m. One square meter quadrat was placed after 
every 10m interval. The research was conducted 200m 
away from the offshore area inward covering seaweed 
farms and seagrass meadows exposed during low tides. 
Species diversity was determined in seaweed farms, 
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seagrass meadows and unvegetated areas. Statistical 
results revealed that species diversity is high in seagrass 
meadows compared to seaweed and unvegetated areas 
(H’= 2.543, 2.286 and 0.824) and (H’= 2.858, 2.481 and 
0.474) at Wingwi and Chokocho respectively. The present 
findings also revealed that there is significant difference in 
species diversity within sites between seagrass, seaweed 
farms and unvegetated areas (p = 0.00021 which is <0.05, 
F = 9.274 and p = 0.0002 which <0.05, F = 19.58 at 
Wingwi and Chokocho) respectively. Moreover results 
indicated that there is no significant difference in species 
diversity between villages (p = 0.07, t = 1.880 and F = 29). 
The findings revealed that seagrass biometrics (biomass, 
height and coverage) are significantly reduced in seaweed 
farm areas than in unfarmed seagrass beds. In addition, 
the areas previously reported to have seagrass are now 
bare sand. This could be due to anthropogenic pressure 
imposed to seagrass such as intensive trampling during 
farm operations, light attenuation due to decreased water 
clarity and seaweed coverage. Although seaweed farming 
is a paying aquaculture business in coastal community 
especially in Pemba, its operations should be avoided or 
at least minimized to conserve seagrass species, which 
have special role in climate change mitigation. 

Keywords: seagrass farming, seagrass community 
diversity, seagrass loss.
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Background 

Invasive and alien species are known to pose a threat to 
marine biodiversity because they can out-compete, prey 
upon and displace naturally occurring species causing 
significant local population declines. The development of 
a 32-berth deep sea port in Lamu County, Kenya will 
increase exposure of the local marine environment 
and native species to the risk of introduced species 
from fouling communities and discharged ballast water. 
The risk is expected to increase with the growth of 
international maritime traffic at the port. In anticipation 
of this, a biological baseline survey was conducted in 
Lamu in August 2018. The objectives were to: 

1. Establish the first inventory of existing species, and 
habitats in which they occur; 

2. Provide a reference point through which potential 
invasive and cryptic species introductions can 
be inferred and tracked through subsequent 
monitoring for the region; 

3. Establish baseline data for awareness and 
sustainable management of the Lamu marine 
environment by the County and National 
Government; 

4. Contribute to the development of policy guidelines 
under the Nairobi Convention on marine and alien 
invasive species. 

Methods 

Biological baseline surveys were conducted in 7 
port sites, across 3 habitats; artificial port structures, 
soft sediment and the pelagic zone. Several sampling 
protocols and methods were used as follows: quadrat 
scraping was used to sample bio-fouling species on 
jetty pillars; meiobenthic and macrobenthic cores were 
collected along 50-meter transects perpendicular to 
the dock. Zooplankton were sampled via 2, 5-minute 
circular tows using a 250-micron plankton net, fastened 
with a flow-meter while phytoplankton were sampled via 
vertical tows using a 20-micron bongo net at intervals 
between 0 – 10-meter depths. 

Results 

Identification of species was done to the species level 
where possible, or to genus or family levels. Meiobenthos 
richness (S) ranged from 46 to 10 taxa while macrobenthos 
richness was from 21 to 6, for varying sample sizes 
across sites. However, the Shannon evenness index (E) 
showed no significant variation for meiobenthos (0.98 
to 0.97) and macrobenthos (0.99 to 0.97). Richness of 
biofouling taxa ranged from 22 to 17 in 2 sites exposed 
to high maritime traffic, declining gradually from 8 to 2 
taxa for sheltered jetties. Non-metric multidimensional 
scaling (nMDS) distinguished one site, Shela Jetty from 
the 6 other sites for both macro/meiofauna and fouling 
species. In the plankton samples, 25 zooplankton and 28 
phytoplankton taxonomic groups were identified across 
all sites, and no variation in species composition was 
detected across the study area. 

Conclusion 

The baseline survey has initiated the development 
of the Lamu Port species inventory at the Fisheries 
Department, creating a reference database for future 
monitoring of alien and invasive species. The preliminary 
results will contribute to the development of the Nairobi 
Convention policy on marine invasive species as well as 
the establishment of the Lamu County spatial plan. 

11th WIOMSA Scientific Symposium 286



POSTER

Identifying Fragile Marine Ecosystems to inform 
spatial management of critical offshore habitats 

MARI-LISE FRANKEN, KERRY SINK AND  LARA 
ATKINSON

University of Cape Town, Nelson Mandela University & 
South African National Biodiversity Institute

South African National Biodiversity Institute Lara 
Atkinson

South African Environmental Observation Network 

Email: m.franken@sanbi.org.za

Background 

Some of the major pressures on seabed ecosystems 
include destructive fishing practices, oil and gas activities, 
mining and submarine cables. To ensure sustainable use 
of the offshore environment we need to identify and 
improve management and protection of critical habitats 
that are susceptible to human impacts. Because seabed 
ecosystems are spatially fixed, spatial management offers 
one of the best management approaches for fragile 
ecosystems. Although several guidelines and definitions 
exist globally to identify and map areas for priority 
management consideration, few currently account for 
the sensitivity of these areas to the cumulative impacts. 
Two such examples that use fragility as a classification 
criterion are Vulnerable Marine Ecosystems (VMEs) 
and Ecologically or Biologically Significant Marine 
Areas (EBSAs). The definition of VMEs by the Food 
and Agricultural Organization (FAO) is specific to the 
impacts of bottom contact fishing and does not account 
for broader human impacts on Fragile Ecosystems. 
EBSAs are classified under the condition that they 
meet any one of the six Convention of Biodiversity 
(CBD) scientific criteria for EBSAs. Criteria 5 of the 
EBSA classification guidelines specifically considers the 
Vulnerability, Fragility, Sensitivity, or Slow recovery of 
species in a defined area. With an increase in diversity 
and intensity of human activities that interact with 
marine benthic habitats, it is important that science 
draws from new and existing conservation efforts 
to identify Fragile Marine Ecosystems to cumulative 
human impacts. The identification and mapping of Fragile 
Ecosystems can inform management and policy decision 
making for improved integrated marine spatial planning. 
The South African offshore environment is currently 
poorly protected, but in October 2018 the South African 
Cabinet announced the declaration of 20 new Marine 
Protected Areas (MPAs), mainly offshore. It is important 
to ensure that current and future protected areas include 
Fragile Ecosystems to safeguard sensitive species and the 
services they deliver. This study aimed to identify South 

Africa’s Fragile Ecosystem indicator species and features, 
map their distribution and to assess the representation 
of Fragile Ecosystems in South Africa’s new Marine 
Protected Area network. 

Methods 

This study followed a multidisciplinary approach to 
identify potential Fragile Ecosystems in South Africa. 
We drew from the 2009 FAO scientific guidelines for 
identifying VMEs to guide the identification of indicator 
species and features for Fragile Ecosystems. The 
study drew from available national datasets including 
bathymetric, geological, fisheries and biodiversity data. 
Museum records and 8 years of invertebrate trawl 
bycatch data were analysed for this latter component. 
South African EBSAs identified under the fragility criteria 
were also considered. Distribution maps of Fragile 
Ecosystems were overlaid with a map of South Africa’s 
new MPA network to assess the representation of each 
type of Fragile Ecosystem. 

Results 

The study identified 25 indicator species for Fragile 
Ecosystems that included species of Porifera, Bryozoa 
and Cnidaria. Eight types of Fragile Ecosystems were 
identified using the VME classification method, including 
Glass Sponge Aggregations, Seapen Fields, Stony Coral 
Gardens and Lace Coral Gardens. Ocotocoral- and 
Lace Coral Gardens had the highest species richness, 
with two sponge aggregations having the lowest species 
richness. Geological features associated with Fragile 
Ecosystems were mapped and included more than 50 
canyons (classified into several types according to their 
ecoregion) and six seamounts. The fragility criteria were 
met for more than half of South African EBSAs. Mapping 
efforts showed that 9 of 10 Fragile Ecosystem types are 
represented in South Africa’s new MPA network. Glass 
sponge aggregations were the only Fragile Ecosystem 
type that had no representation in the current South 
African MPA network, with Soft Ground Sponge Grounds 
and Stony Coral Gardens being poorly represented by 
only 1 MPA each. Bryozoans Patches and Biogenic Coral 
Reefs were the most well represented in the MPAs. 

Conclusion 

These approaches show how even limited research data 
can be applied to advance the identification and mapping 
of Fragile Ecosystems. This work has been applied in 
the development of South Africa’s new National Marine 
Ecosystem Map for the National Biodiversity Assessment 
2018. The maps of Fragile Ecosystems can be applied in 
South Africa’s emerging marine spatial planning efforts to 
support spatial management of multiple sectors and the 
establishment of additional MPAs. 
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Introduction 

Anthropogenic induced climate change is affecting 
patterns and processes of biodiversity at rates previously 
not endured and will be one of the dominant drivers 
of species persistence in the future. Predicting how 
species will respond to climate change has thus become 
a prerequisite for sustainable management, particularly 
in the marine environment where ambient sea 
temperatures drive biological rates of many ectotherms. 
To predict species responses, scientists have generally 
used lab and modelling experiments to quantify thermal 
niches and extrapolated results onto future climate 
scenarios. Almost all this research has investigated 
species responses to long-term (up to 2100) changes 
in mean environmental variables (e.g. 2˚C increase) but 
emerging theory suggests that an increase in acute (day to 
day) environmental variability, termed “ocean weather”, 
associated within long-term mean changes, may have a 
more pervasive effect on biodiversity. To test how ocean 
weather can affect the performance of marine fish this 
study used a multi-method approach to first quantify 
energetically limiting thermal fluctuations in the lab and 
then ascertain if exposure to these conditions in the wild 
compromised growth performance.

Methods 

We used a seabream, Chrysoblephus laticeps, endemic to 
the South African south coast as a model species for 
this experiment. We measured standard and maximum 
metabolic rates and absolute aerobic scope of C. laticeps 
across a range of ecologically relevant acute thermal 
fluctuations using intermittent flow respirometry. After 
identifying energetically limiting thermal fluctuations we 
developed a long-term (1973 – 2013) annual time series 
of the cumulative intensity (IC) of these events from in situ 
sea temperature data and used this index to explore the 

growth response C. laticeps. Otolith increment width was 
used as a proxy for annual somatic growth and historical 
otolith collections combined with contemporary otoliths 
to develop a long-term times series of annual growth for 
C. laticeps.  A mixed modelling framework was used to 
partition growth variation within and among individuals 
and attribute it to intrinsic (e.g. age) and a host of 
temporally resolved extrinsic environmental processes. 

Results 

We found that C. laticeps can maintain absolute 
aerobic scope (>2.5 O2.min-1.kg-1) across a wide 
range of temperature fluctuations except when 
extreme upwellings (16 to 8˚C) were simulated and 
absolute aerobic was compromised (<2 O2.min-1.kg-1). 
Furthermore, the natural logarithm of standard metabolic 
rate scaled linearly against the inverse of temperature 
(kT) except during extreme upwelling, indicating 
physiological stress during such events. An index of the 
cumulative intensity of such extreme upwelling events 
showed inter-annual variability ranging from 143 – 20 
between years 1973 – 2013. The best base growth 
model included a random age slope for both a random 
individual intercept and year intercept and included age 
as the only fixed intrinsic effect. Including IC as a fixed 
extrinsic effect improved the base model more than 
any other longer-term environmental variable (ΔAIC 
>2), suggesting that extreme upwelling events are the 
overarching environmental driver on the somatic growth 
of C. laticeps through compromising available energy. 

Conclusion 

The results of this study highlight the importance 
of acute environmental variability in moderating the 
physiological performance of C. laticeps and show how 
this influences demographic parameters such as growth 
rates. As more evidence accumulates that organisms 
have the capacity to acclimatize and adapt to novel 
environmental conditions over time, tolerance to 
short term environmental fluctuations may be a more 
important indicator of climate resilience. Indeed, this 
theory is gaining momentum among ecologists and 
recent research, such as the research presented here, 
are corroborating this paradigm shift. Furthermore, 
the intensity of ocean weather at a local scale is often 
governed by global weather patterns such as the El 
Niño-Southern Oscillation which is predicted to remain 
the dominant driver of global climate and increase in 
frequency and intensity with time. Predicting how marine 
organism’s respond to climate change must therefore 
consider the effects of ocean weather to improve 
forecasting accuracy. 
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Phytoplankton is known to form and consolidate the base 
of the marine food web. These microalgae not only absorb 
the carbon dioxide from the atmosphere and water but 
also serve as the main food source for the marine life. 
Recent research showed that there is positive correlation 
between phytoplankton and fish abundance and thus 
determining the variation in the density of the former 
is of crucial importance. In this study, variation in micro-
phytoplankton densities, coastal in-situ chlorophyll a (Chla) 
concentration and satellite Net Primary Productivity (NPP) 
was investigated around Mauritius island on a monthly 
basis for the period January 2017- November 2018 at 18 
different sites namely 1) Grand Gaube; 2) Perebere; 3) 
Mont Choisy; 4) Trou aux Biches; 5) Albion; 6) Flic en Flac;  
7) Tamarin; 8) La Gaulette; 9) Le Morne;  
10) Baie du Cap; 11) Riambel; 12) Gris Gris;  
13) Blue Baie; 14) Mahebourg; 15) Quatre Soeur;  
16) Trou D’Eau Douce; 17) Belle Mare; 18) Poudre 
D’Or.  Diversity and density of micro-phytoplankton were 
assessed twice during the sampling period (January 2017: 
summer and June 2017: winter). Micro-phytoplankton 
samples were collected using plankton net of 5µm, in-situ 
Chla was measured through spectrophotometric methods 
and NPP data was extracted from the AquaMODIS data 
set. Diversity of the sites in terms of micro-phytoplankton 
groups was evaluated using the Shannon-Wiener, 
Equitability and Evenness indices. A total of 28 diatoms, 12 
dinoflagellates and 7 cyanobacteria genera were recorded 
during this study. During summer, the highest total micro-
phytoplankton density (TPD) was at Trou d’Eau Douce 
and lowest at Albion. Highest diatom density was found 
at Trou d’Eau Douce and lowest at Tamarin. Highest 

dinoflagellates density was observed at Mahebourg and 
lowest at Flic en Flac and for cyanobacteria the highest 
density was recorded at Quatre Soeur and lowest at 
Gris Gris. During winter, the highest TPD, diatom and 
cyanobacteria densities were recorded at Trou d’Eau 
Douce while the highest dinoflagellates density occurred 
at Mahebourg. Gris Gris revealed the lowest densities 
for total micro-phytoplankton, diatom, dinoflagellates 
and cyanobacteria. The dominant genera of diatoms 
included Coscinodiscus (14%), Navicula (11%), Nitzschia 
(11%) and Chaetoceros (8%) and dominant dinoflagellates 
were Ceratium (21%) and Peridinium (19%) and dominant 
cyanobacteria were Anabaena (24%), Lyngbya (20%), 
Nodularia (20%) and Oscillatoria (17%). The highest diversity 
(Shannon-Wiener diversity index; Equitability) for diatom 
was recorded at Blue Baie Bay during winter (H’=3.07; 
EH=0.92) and the lowest (H’=2.82; EH=0.85) was at 
Mahebourg during summer. For dinoflagellates, diversity 
peaked (H’=2.35; EH=0.95) at Le Morne in summer and 
was lowest (H’=2.11; EH=0.85) at Mahebourg and Poudre 
d’Or in winter. Diversity for cyanobacteria was highest 
(H’=1.89; EH=0.97) at Tamarin in winter and Poudre d’Or 
in summer and lowest (H’=1.63; EH=0.86) in Gris Gris in 
summer. Even though only a few species of cyanobacteria 
(N=7) were recorded during the study period as compared 
to diatoms (N=28) and dinoflagellates (N=12), highest 
Evenness was recorded for cyanobacteria in winter at 
Tamarin (Evar=0.91), indicating that the species in this 
group were highly evenly distributed as compared to the 
remaining sites. Least Evenness was recorded in summer 
at Gris Gris (Evar=0.41), which can be accounted for by 
the presence of Coscinodiscus and Navicula which was 
recorded as the most dominant species at this site. On 
temporal scale, highest average Chla concentration was 
recorded in January 2017 (0.73±0.38 mgm-3) and lowest 
in May 2017 (0.55±0.23 mgm-3). Spatially, the highest Chla 
was at Quatre Soeur (1.24±0.26 mgm-3) and lowest at 
Riambel (0.32±0.06 mgm-3). Furthermore, highest range of 
estimated NPP around Mauritius Island ranged between 
300-400 mgC/m2/day. It was recorded throughout all the 
18 sites for the month of December in 2017 and March 
and April in 2018. Region-wise, the highest average NPP 
was in the South (239±69 mgC/m2 /day) and lowest in the 
North (219±70 mgC/m2 /day). Mean NPP in the eastern 
zone (227±69 mgC/m2/day) differed slightly from that of 
the western zone (224±65mgC/m2/day). The temporal 
variation of NPP was highest in the summer peak of 
December 2017 (356±16 mgC/m2/day) and lowest was 
in both winter peaks of August 2017 (152±13 mgC/m2/
day) and 2018 (151±28 mgC/m2/day). These finding may 
be used to infer productive zones around Mauritius Island 
which may help sustain the fisheries sector in a more 
effective and sustainble way. 
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Background

Mangroves are important resources to coastal 
communities in eastern Africa, Mozambique being no 
exception. However, despite the existence of a regulatory 
system for mangrove resources exploitation, many sites 
face over-exploitation of woody and other resources, 
with negative impact in the social and economic lives of 
the communities. Mangrove restoration and community-
based management is increasingly advocated as a tool for 
conservation and to improve the lives of the communities. 
Globally there are several initiatives, however many of 
them fail to meet their goals. Understanding how such 
models work and what are the factors behind the success 
or failure is crucial to identifying successful strategies and 
interventions for improvement that can be replicated 
elsewhere. The aim of this study was to describe the 
community experience and critically analyse a mangrove 
community-based management model being implemented 
in a rural community in central Mozambique. 

Methods 

The study was conducted at the central Mozambican 
community of Nhangau, located in the outskirts of Beira 
town. High resolution images and a participatory approach 
(community members, local leaders, and government 
officials) were used to map mangrove distribution and 
restored areas. Participatory rural appraisal methods 
were used to collect historical information on causes 
of mangrove degradation, current and historical uses of 
mangroves, the restoration process, and details on the 
management actions for mangrove sustainable use. The 
data collected were also used to identify the strengths and 
weaknesses of the Nhangau mangrove replantation and 
management program. The study incorporated a mixed 
approach, combining semi-structured questionnaires 

used to guide open interviews with key informant and 
focus group discussions (FGDs), and reports available 
at government institutions. Interviewed people and 
FGDs included: members of the local Natural Resources 
Management Committee (NRMC); Managers and key 
informants (influential people from the community; 
government, NGO representatives and local authorities); 
local community (fisherman, fish traders, fuel wood and 
invertebrate collectors, including women), mangrove pole 
cutters, mangrove charcoal producers, honey producers, 
students (members of the local environmental club), and 
community rangers. This flexible approach was useful 
for data validation and triangulation, and also created 
opportunities for traditionally more reserved groups to 
speak such as women, youth and illegal cutters. 

Results

Mangroves play an important role in the life of the 
communities of Nhangau as they provide firewood, 
building material, wood for furniture, medicine, food 
collection (mangrove crab and molluscs) and support 
fisheries – a major source of income in the community. 
According to the community, mangrove deforestation 
occurred in the 1990 due to unregulated mangrove 
exploitation. It resulted in a reduction of fish, shrimp and 
crab stocks, severe coastal erosion, high temperatures, 
strong winds and whirlwinds (that destroyed many 
houses) and reduced availability of wood resources. In 
1996 the local government started working with the 
local community in mangrove plantation and a model 
for community-based management was created, with 
the assistance of NGOs KULIMA and ADEL-Sofala. Up 
to now 10 ha of mangrove have been replanted, while 
other areas recovered naturally. Mangrove restoration 
has reportedly improved the lives of the communities by 
providing protection against coastal erosion and storms, 
temperature regulation and improvement of fish stocks. 
Local government and NGOs assisted on mangrove 
restoration and promoted alternative income-generating 
activities, such as beekeeping, production of medicinal 
plants, and production of energy-efficient stoves. The 
community is raising awareness and enforcing national 
regulations for mangrove exploitation, and have created 
their own set of local regulations, such as defining no-
cut areas and creating a mechanism that promotes 
sustainable use of wood resources. NGOs also assisted 
in the creation of a community-based organization (the 
Natural Resources Management Committee NRMC), 
a crucial step for the community to access funds from 
the government, NGOs and fines charged to offenders. 
However there are several challenges such as limited 
resources for law enforcement and lack of compliance, 
mostly by outsiders, but also other members of the 
community who struggle to find alternatives from 
mangrove cutting. The community also needs to create 
an incentive system for those who engage in restoration 
and management activities, for at the moment they see 
little benefit. There is also a need to provide technical 
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assistance so that the community can monitor their 
own activities and make informed decisions for better 
management (e.g. the community did not have the 
right estimate of the total restored area). However it is 
important to mention that several “elements of success” 
for common goods management were found at Nhangau, 
such as community awareness, mangrove restoration, 
successful livelihood projects and others.

Conclusion

There are still several opportunities to be exploited in 
order to improve this model, such as developing eco-
tourism and carbon trading. These would alleviate the 
financial pressure while also creating jobs for members 
of the community. The community also needs to clearly 
define its boundaries as well as a larger no-take area and 
develop a local management plan. This study provides 
elements to support mangrove community-based 
management strategies in the WIO region and elsewhere. 

POSTER
Symbiodiniaceae diversity re-evaluated: ITS2 
pyrosequencing reveals unexpected diversity in the 
Western Indian Ocean 

MACDONALD. A AND L . CHAUKA

Shallow water hard corals deliver multiple services to 
coastal communities in tropical east Africa. They have 
served as sources of structural material for building, 
provide habitat for fisheries stocks and provide coastal 
defense from wave action. These are only a few of the 
key natural services that they provide and so it is in the 
interest of local communities that they remain healthy. A 
major threat to the health of reef building coral is coral 
bleaching caused, at least in part, by extended periods 
of higher than average sea-surface temperatures and 
insolation. Coral’s resilience to bleaching is a complex 
response that can be attributed to both the coral host 
and the Symbiodiniaceae taxa it lives in symbiosis with. 
In order to assess the resilience of coral communities, 
it is important to understand the composition of the 
Symbiodiniaceae component inhabiting these important 
reef building organisms. This resilience may be related 
to the type of Symbiodiniaceae inhabiting a particular 
coral and it has been demonstrated that corals may 
harbour multiple different Symbiodiniaceae taxa. Shallow 
reef-building coral were sampled from the east African 
coast in Tanzania and South Africa in order to assess the 
diversity of these sensitive organisms, as a pilot study 
demonstrating the importance of such an approach. 
Hard corals were sampled from Tanzania in tropical east 
Africa and from South Africa in subtropical east Africa. 
Whole genomic DNA was isolated and Symbiodiniaceae 
specific primers were used to amplify the ITS2 region. 

Using next generation sequencing methods we then 
sequenced the amplicons. The resulting data was 
prepared and analysed using MOTHUR, and the final 
dataset consisted of roughly 600 high quality sequences 
from 320 coral samples. Cladocopium C3 predominated 
in the Galaxea sp., Stylophora sp. and Pocillopora sp., 
whereas Porites sp. was dominated by Cladocopium C15 
and Seriatopora sp. by Durusdinium D1. Twenty-three 
species of Symbiodiniaceae were reliably detected in 
the tissue samples from these coral species, indicating 
high diversity of background taxa. This suggests potential 
development of resistance to bleaching which may be 
attributed to recent bleaching events that occurred 
in 2002, 2004, 2005, 2010 and 2016. However, further 
research involving more comprehensive sampling and 
long-term monitoring of coral-Symbiodiniaceae symbioses 
in the WIO region is needed to substantiate this. 

POSTER
A comparative framework for assessing adaptive 
capacity amongst corals to a rapidly changing 
environment 

MACDONALD, A.   B. CHIAZZARI AND K. ETSEBETH

Corals are an iconic taxonomic group that serve as one of 
the ‘horsemen’ heralding the consequences of the onset 
of the anthropocene. In recent international declarations 
by multiple scientists and scientific organisations the 
imperative for proactive research that might help 
sustain coral reef survival has been established. Calls 
for the mitigation of the drivers of major anthropogenic 
perturbation have largely gone unheeded and in most 
cases change in environments, resources and biotic 
assemblages is unchecked without a positive prognosis 
for the future. By contrasting responses amongst coral 
species with differential susceptibility to bleaching and 
mortality in a comparative framework we may elucidate 
the lineages of hard coral that are most resilient to 
climate change.  These species will be targeted for 
future research examining transcriptomic responses to 
stressors. South Africa hosts reef coral assemblages at the 
very margins of the distribution limits of these taxa. The 
edges of coral distribution in South Africa are determined 
by oceanographic and environmental parameters that 
change rapidly from sub-tropical to warm temperate, 
and not by availability of suitable habitat.  These marginal 
conditions allow for the breakdown of species boundaries 
and the region serves as an evolutionary hotspot as a 
result of ongoing hybridization and selective processes. 
Recent research has demonstrated high levels of gene-
flow in this environment and processes of reticulation in 
local coral species. Thus, the reef corals of South Africa 
provide a useful resource from which evolutionarily 
important lineages that demonstrate adaptive capacity 
may be investigated. In order to build a reference 
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framework for subsequent comparative analysis that will 
reveal the underpinnings of coral resilience to changing 
environments we have analysed the most comprehensive 
data-set of hard and soft corals from SA, to date, in 
terms of bleaching susceptibility. Incorporating these 
phylogenies representing the diversity of South Africa’s 
hard corals into a comparative framework allows us 
to account for phylogenetic bias that results from 
independent comparison of specimens (i.e. independent 
of phylogenetic context). Coral faces an uncertain future 
considering the rapid pace of climate change and a litany 
of unmitigated anthropogenic stressors. The evolutionary 
capacity for corals to adapt is assessed here as a starting 
point for future research initiatives. 
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As highly diverse and productive ecosystems, coral reefs 
offer numerous ecological goods and services, in particular 
for small island states that rely mainly on marine resources. 
Yet, they are also facing increasing anthropogenic pressures 
including global warming, overfishing and contaminant 
inputs, resulting in critical damage to coral reefs and in 
extreme cases regime shifts to macroalgae. Located in the 
western Indian Ocean, the reefs of the inner Seychelles have 
experienced two recent major bleaching events (1998 and 
2016), with mean losses of 50-90% coral cover. Although 
many areas show signs of coral recovery, other reefs shifted 
to stable macroalgal-dominated reefs, which are likely to 
provide fewer ecosystem services and fewer ecological and 
nutritional benefits for many associated organisms, including 
humans. For instance, regime shifts in Seychelles’ reefs led to 
shortened reef associated food chains with mesopredators, 
targeted species of local small-scale fisheries, being less 

abundant and having lower trophic levels (nitrogen stable 
isotope values) and food-derived energy stores (tissues’ 
lipid concentrations) in macroalgae systems. Here, we 
investigated the effects of coral reef ecosystem regime 
shifts on the bioaccumulation of essential and non-essential 
hazardous trace minerals in the mesopredatory bluespotted 
grouper, Cephalopholis argus. Trace minerals together with 
carbon and nitrogen stable isotopes were measured in the 
muscle of 60 C. argus collected from three coral-dominated 
sites and three regime shifted macroalgal-dominated sites. 
Using generalized additive models, we show the influence of 
habitat on trace mineral bioaccumulation, with fish size, and 
trophic position having an effect on their concentrations, 
depending on the mineral considered. We thus bring insight 
into the effects of habitat variation on mesopredatory 
fish mineral composition and the consequences for food 
security in small island states.
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Buildings have received considerable attention as part 
of the sustainability agenda of countries around the 
world, and the emergence of green building design and 
certification frameworks such as LEED [1], BREEAM [2] 
and Green Star [3] have been a salient counterpart of this 
endeavour to guide in the sustainable design, construction 
and operation of buildings. Buildings are estimated to 
consume as much as half of an economy’s energy and 
lead to 40% of carbon emissions, which are testament of 
why so much attention is being given to green buildings 
as part of a green economy. Indeed the energy aspects 
of a building are allocated the greatest weightage in 
building rating frameworks amongst other criteria such 
as water, materials and indoor environmental quality. With 
extreme temperatures expected to increase further in 
summer and become lower in winter, there is a pressing 
need to find ways to reduce the air-conditioning energy 
demand in our buildings, and for a hot and humid island 
like Mauritius, the largest consumer in airconditioned 
buildings is HVAC, which can represent as much as 60% of 
total energy consumption in commercial buildings [4]. The 
consequence of relying solely on active cooling methods 
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has already been experienced in the country with record 
peak electricity demand experienced in proportion to the 
ambient external temperature, with more frequent power 
cuts observed during this period due to exceeding power 
production capacity. Sustainability calls for decoupling our 
reliance on carbon emission-based grid electricity, and 
two approaches exist for achieving this: energy efficiency 
and renewable energy. Although not generally categorised 
as a source of renewable energy, ground source water and 
deep ocean water have been recognised as very effective 
strategies for meeting the full or partial cooling load of a 
building, with significant gain in coefficient in performance 
(COP) reported for cases where the ground source 
water is used for cooling the compressor at a potentially 
lower condensing temperature than commonly possible. 
For example, in the Mauritian context, condensing inlet 
temperature conditions of 35-40oC are typical given the 
ambient conditions in summer. The efficacy of ground 
source (and ground-coupled) heat exchanger systems 
has been such that these installations have been added on 
the list of green technologies supported and subsidised 
by governments around the world, leading to exponential 
increase in installation over the past decade [5]. In the 
current state, ground source and ground-coupled heat 
pump systems are almost inexistent in Mauritius, so based 
on international best practices and results obtained with 
installations worldwide, it is clear that Mauritius can bring 
benefit immensely by developing guidelines and providing 
incentives for the design and installation of such systems. 
The ability to draw deep ocean water at 6-7oC, which is 
the chilled water temperature generated for feeding to 
fan coil units in normal chiller systems, means that the 
cooling load of buildings can be totally met without having 
to run the vapour compression cycle. However, the energy 
needed to run the circulation pump remains an auxiliary 
energy to be accounted for, but certainly significantly 
less than that consumed by a chiller system to produce 
chilled water. The power requirement of the circulation 
pump is dependent on the distance from the building 
site to the location at sea where the cold water can be 
abstracted, meaning buildings close to the sea are better 
candidates in terms of pumping energy but also in terms 
of lower increase in temperature from source to the 
point of utilisation. Our hotels fit the requirement very 
well, given the need for air conditioning round the clock in 
summer conditions, otherwise during daytime for milder 
conditions. The cooling load of hotels typically range 
from 100 kW to 1MW depending on the size, rating and 
location of the hotel, representing an electrical demand 
of around 30 kW to 300 kW, that can be provided using 
deep ocean sea water. Given that sea water at this low 
temperature is available far at sea (typically 500 m to 1km 
from shore), the investment can become cost prohibitive 
for facilities with lower cooling demand, and given that 
the temperature of sea water increases progressively 
from the targeted 6oC temperature far at sea to 21oC, 
typical temperature for ground water in Mauritius, it 
means that there is a continuum of water temperatures 

below ambient air conditions in summer (35oC) from 
deep ocean water to underground water that can be 
harnessed by coastal building projects to offset their 
carbon footprint. The technological advancement of heat 
pumps fuelled by the high interest for such installation 
has led to heat pump design configurations that can be 
operate in direct or indirect mode in relation to the water 
temperature obtained. Therefore, it becomes possible to 
operate the heat pump in direct mode when the water 
temperature is low enough to cool air to be circulated to 
the interior building spaces or use the water in indirect 
mode for cooling the compressor, achieving a much 
improved coefficient of performance, as dictated by the 
specific performance curve of the HVAC system in use. 
Building energy modelling and simulations have shown 
around 15% energy savings when water at 21oC is used 
as inlet condensing temperature, and simulations results 
can be used to steer the control strategy when choosing 
the intake water conditions when it becomes more 
energy efficient to operate in direct or indirect mode. 
Alternatively, building projects utilising only ground source 
water harnessed at the project site through boreholes 
can benefit from the improvement in COP by reducing 
the condensing temperature. The results of the study 
and published data are encouraging and show the great 
potential ground source water heat pump technologies 
represent for Mauritius, both coastal and inland. 
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RABERINARY D.3, LASSERRE G.4, FARENAKO A.5, 
RANAIVOSON E.3 
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4Université de Polytechnique de Montpellier 
5Faculté de Sciences, Parcours Mécaniques des Fluides 
et Systèmes Energétiques Appliqués, Université 
d’Antsiranana 

With some 5,600 kilometers of coast, 1,225,259km² 
of EEZ (Exclusive Economic Zone) and coral reefs 
covering an area of 2,000km2 from Toliara to Antsiranana 
and Cape d’Ambre to Toamasina, Madagascar is rich 
in priceless wealth. Madagascar abounds (overflows) 
with an inestimable wealth In the marine environment, 
sponges have an important role and represent a part 
of the marine biodiversity of Madagascar. Until today, 
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no research about sponges inventory has been done in 
Madagascar, this research is the pioneer in the field. The 
study was done from November 2017 to November 
2018, in all 4 campaigns of 1 month each. The study led 
us to estimate the faunistic diversity of sponges starting 
from the north of Madagascar (Nosy Be). The objective 
of this research is to highlight the diversity of Malagasy 
sponges in two axes that of biological endemics and 
pharmacological endemics through inventories. The 
objective of this research is to valorize the diversity of 
Malagasy sponges in two axes, the biological endemicities 
and pharmacological endemicities via inventories. Three 
parameters have been identified to highlight endemicities: 
depth, substrate and temperature. Compared with 
the 50,000 species already recorded worldwide, as a 
result, 85% of inventoried species are already identified 
species, and about 15% are assumed to be new and 
undergoing molecular identification by PCR method. 
Of the 85% of species identified, 45% have remarkable 
biological endemicity and 10% are pharmacologically 
active. Biological endemicity is a function of depth 
and substrate, whereas pharmacological endemicity is 
substrate dependent only. Given that our study is only 
preliminary, in perspective to this research, we plan 
to expand our study site in all the Madagascar marine 
area to make a teaching manual on sponges and for a 
long term vision take out an identification document of 
Malagasy underwater sponges. 

Keywords: sponges, Nosy Be, Madagascar, biological 
endemicity, pharmacological endemicity.
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Achieving mutually beneficial outcomes between marine 
biodiversity conservation and community wellbeing can 
be a challenge. A “win-win” approach to conservation 
provides hope for poor regions of the world, because 
poverty can be reduced through exploitation of marine 
resources in a sustainable manner. The applications 

of the “win-win” approaches to conservation in most 
developing countries are less successful in attaining 
marine conservation and human wellbeing goals. Poverty 
is still high and biodiversity loss continues. This study was 
conducted in Mafia Island Marine Park (MIMP) in Tanzania 
with the aim of assessing how the Park has achieved 
both marine biodiversity conservation and exploitation 
of marine resources. Purposive and stratified random 
samplings were employed to administer seventeen 
questionnaires to assess the role of the Park in marine 
biodiversity conservation. Data was compiled, descriptive 
analysis done in statistical package for social sciences 
(SPSS), and presented using graphs. The results indicate 
that, park has restored marine resources including fish, 
corals and mangroves that had been degraded prior to 
the Park establishment. The degradation occurred by 70% 
levels of illegal resource extraction. Illegal destructive 
fishing reduced through communities’ participation in 
park management and reduced pressure dependency 
on park resources through increased alternative 
income generating activities other than fishing. However 
residents’ response of 10% felt that, they had not benefited 
much from the Park as they restricted from their most 
important livelihood activity. This study therefore argues 
that Marine Protected Area (MPA) remain an important 
marine conservation tool for marine resources as 
well as achieving community livelihoods. Conservation 
efforts can be successful if resource users are given the 
opportunity to utilize the resources sustainably and 
participate in the decision making of determining the 
level of resources to be extracted. 

Keywords: Biodiversity, Conservation, Community and 
Livelihood 
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It has been found that more than 30 million people in 
the Western Indian Ocean (WIO) Islands and East African 
coastal communities rely on the coastal environment for 
goods and services and as a source of livelihoods and 
income. The rapidly growing population is exerting large 
pressure on the marine environment, causing pollution, 
degradation of critical coastal habitats, and communities 
based aquaculture (CBA) projects diversified into 
promoting other income generating activities (IGA) 
such as shrimp farming, mud crab fattening, milk fish, 
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seaweed and pear farming. Major environmental impacts 
of aquaculture are (1) decrease in the regional ground 
water level, (2) sedimentation and destruction of coastal 
water flow, (3) discharge of aquaculture-effluents, and (4) 
chemical and human health hazards in general. Measures 
suggested to be taken to mitigate adverse environmental 
impacts are (1) a combined fish culture and agricultural 
crops, (2) developing intensive farming, (3) planting 
mangroves, cultivation of sea grass, and (4) planting of 
young trees and others, a note on waste treatment is 
also added. Environmental Impact Assessment (EIA) 
is important to develop environmentally acceptable 
aquaculture. Socioeconomic impacts of CBA programmes 
including earns valuable local and foreign exchange, 
generates jobs across the industry from fry gatherers to 
growers and processors. However, grave socio-economic 
consequences - including conversion, expropriation and 
privatization of mangroves and other lands; sanitization of 
water and soil; decline in food security; marginalization of 
coastal communities; urban migration; and social conflicts 
- have followed in the wake of aquaculture development. 
The input from aquaculture farms is of the main sources 
of nitrogen and phosphorus; this is related to local and 
adverse effects on coastal ecosystems. The introduction 
of management measures to mitigate the adverse 
environmental impacts of aquaculture development has 
now become necessary and urgent. 
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The Southwest region of Madagascar is the largest 
producer of holothurians on the island. Since 1990, this 
resource has been overexploited and measures have 
been established for a sustainable exploitation, including 
aquaculture. But ever since, very few assessments of 
holothurian fishery have been made. From January 
to December 2018, we performed an assessment of 
fishery activities (fishing effort, catches, processing and 
marketing of products) at 3 main holothurian fishing 
villages: Sarodrano, Ankiembe and Andrevo as well as 
socio-economic and governance analysis by means of 
interviews with key stakeholders. Results showed that 
twelve species are collected by fishers in the study 

area. The catch of holothurians depends on the fishing 
effort deployed and the average weight of the individuals 
harvested. The analysis of these variables has allowed us 
to understand the difference between the study sites. 
Andrevo is significantly the most productive village 
with 5903.25±2059.30 kg of fresh holothurians.month-1, 
followed by Sarodrano with 2923.90±769.98 kg.month-1 
and Ankiembe with 2850.25±1363.52 kg.month-1 . Three 
forms of holothurian commercial chains were identified 
involving fishermen, fishmonger and private operators. 
Fishermen and/or fishmonger take care of part of 
the processing (evisceration, first cooking, salting and 
second cooking), and the operators complete process 
to obtain exportable trepang. Holothurian fishery in 
the Southwest appeared to be very poorly controlled 
by fishery authorities: the minimum legal size for fishing 
is very weakly respected, and none of the holothurian 
actors in the villages have an operating licence from the 
competent authority. This study permitted to find out 
that the holothurian fishery in the southwest Madagascar 
develops without being influenced by the rules and 
restrictions imposed by the administration. Thus, it is 
recommended to set up a more effective monitoring 
system of fishery and expanding the study area including 
operators and exporters. 

Keywords: holothurian, fishery, governance, Southwest 
Madagascar
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Biodiversity in the marine environment is spatially 
and temporally dynamic and often difficult to quantify. 
Conservation planning in this unique environment 
typically relies on the use of biological (e.g. indicator 
species, indicator taxon groups) and/or physical (e.g. 
sea surface temperature, salinity) surrogates. Habitats 
are the most frequently chosen biodiversity surrogates 
for designing Marine Protected Areas (MPAs) as they 
can be shown to host distinct species assemblages. 
Prioritising areas for conservation relies on spatial 
information about the distribution of physical and 
biological patterns. Our knowledge of the biodiversity 
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of marine systems, however, remains remarkably limited 
as there are still concerns over the large number of 
species that remain undescribed, poor information about 
the distribution of many marine species and the lack of 
methods and tools to enable selection of the appropriate 
areas for protection in these systems. This study aims 
to examine the validity of biozones as surrogates for 
larval fish biodiversity patterns and hence the usefulness 
of their application in marine conservation planning 
to identify MPAs on the KwaZulu-Natal (KZN) coast, 
South Africa. The study area is located on the inshore 
continental shelf (water depths of 45 - 80 m) of KZN 
from Aliwal Shoal south of Durban to the Thukela Bank 
in the north. Ichthyoplankton samples were collected 
using a plankton net, 2.5 m long and 500 µm mesh 
aperture, at thirteen reef and sixteen sand stations of 
different biozones in the study area.  A range of physico-
chemical parameters were measured in situ concurrently 
with plankton sampling. Over 15 000 larval fish were 
identified comprising of 99 families and 168 species. 
Neritic species (76%) dominated catches more than the 
oceanic species (24%). The majority of the larval fish 
sampled were in a preflexion developmental stage. The 
most abundant families sampled were Sparidae (26%), 
Myctophidae (17%), Gobiidae (8%), Bregmacerotidae 
(7%), Haemulidae (7%) and Triglidae (4%). Species such as 
Pagellus natalensis, Bregmaceros (atlanticus/nectabanus?), 
Diaphus spp and Pomadasys olivaceum dominated catches. 
Significant differences in the larval fish assemblages were 
mostly due to the substrate types rather than biozones. 
The total larval fish abundance was higher over reef 
habitat than over sandy substrates suggesting that reefs 
serve as a nursery areas for abundant species such as 
P. natalensis (sand soldier). Temperature and pH were 
physico-chemical factors that correlated best with the 
larval fish distribution patterns. The study concluded 
that the large percentage of the reefs nested within 
these biozones should be used as a guide in planning 
for a representative MPA network to safeguard the 
wide range of species utilising the area as spawning and 
nursery grounds to ensure long-term conservation.
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Marine Protected Areas as a catalyst for 
sustainable development in Madagascar - Case of 
Nosy Tanikely, Madagascar 
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Email: mrakotojaofeno@gmail.com

Madagascar is the third largest island in the world. With 
more than 5000km of coastline, the large island also has a 
wealth of exceptional terrestrial and marine biodiversity. 
Following the declaration by the President of Madagascar 

to triple the area of marine protected areas, in Sydney 
in 2014, several initiatives are going to identify these 
potential marine protected areas. We will analyze in this 
study how the promotion of marine protected areas 
contributes to the objectives of sustainable development. 
Madagascar currently has ten marine protected areas but 
the case of NosyBe’s with the marine protected areas 
of Nosy Tanikely will be considered in this study. Our 
methodological approach will be divided into two main 
parts. In general, we are in the ex-ante position, that is 
to say, we will proceed with a prospective approach. Of 
those, the study will be initiated by a theoretical analysis 
from the literature review and the second an empirical 
analysis followed by a descent into the field. Since the data 
obtained and the surveys carried out, we have noted the 
emergence of marine protected areas on the system of 
protected areas in Madagascar. For example, according to 
the statistics, the marine protected areas Nosy Tanikely 
holds the first place of the most visited protected areas 
in Madagascar since 2014. Marine protected areas are 
the only awareness and education tool to promote the 
importance of marine biodiversity at the local level. They 
protect biodiversity and provide vital benefits. In addition 
to its ability to sequester carbon, marine protected areas 
can create jobs. Known to attract and support coastal 
tourism and recreation, they contribute too to the 
growth of employment and trade in these sectors at the 
local, regional and national levels. 

Keywords: Marine protected areas, Madagascar, 
sustainable development, Nosy Tanikely
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Characterising macroinvertebrate community 
structures in an urban stressed river in Eastern 
Cape province, South Africa. 

MANGADZER, T.

Benthic macroinvertebrates are excellent indicators 
of human impacts on stream ecosystems because they 
provide valuable services and integrate the effects 
of multiple stressors over time and space. The main 
objective of this study was to examine the effects of 
urban land-use on the benthic macroinvertebrates 
community structure and feeding interactions among 
different functional feeding groups (FFGs) in Bloukrans 
river. Water quality and macroinvertebrate community 
data were collected in two seasons from 18 sites in two 
different stream order categories following standard 
methods. Bloukrans river had significantly high levels of 
all nutrients due to the adjacent urban areas. Multivariate 
analyses results in this study showed that nitrate, 
phosphate, salinity and pH had the strongest negative 
relationship with macroinvertebrate assemblages. Based 
on functional feeding groups (FFGs), collector-gatherers 
dominated in the Bloukrans River and they represented 
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71.3% of the invertebrate assemblages. FFG ratios 
also indicated that all the eighteen sites were strongly 
heterotrophic, showed below expected linkage with 
riparian input and stable substrates were limited. Overall, 
this study demonstrates the potential usefulness of 
macroinvertebrate functional feeding groups to evaluate 
ecological conditions in urban streams of Bloukrans river. 
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Background

Seagrass beds are among the most valuable ecosystems in 
the world, being also highly affected by human and climate 
related event thus experiencing decline in WIO region 
and worldwide. Seagrass support livelihoods of millions 
of people, however near population centers they are 
frequently subjected to disturbances. This is the case of 
Maputo Bay, were extraction of clams and other shellfish is 
a very common activity. 4000 hectares of seagrasses occur 
in Maputo Bay, with Zostera capensis (Zc) meadows being 
among the largest and yet a IUCN threatened seagrass 
species. Loss of seagrasses, especially the narrow leaved 
ones such as Zc is due to activity of clam collection but 
also sedimentation trigged by floods as documented for 
Maputo Bay. This study aim (1) to assess the effects of 
sediment digging and its revolve for clam collection on Zc 
recovery and (2) to determine and compare the survival 
rate of experimentally transplanted seagrass plugs using 
two different PVC tubes diameters (4,5cm and 7.5cm). 

Methods

The study was conducted at Inhaca Island and Bairro dos 
Pescadores (eastern and NW Maputo Bay respectively), 
Mozambique. For seagrass sediment digging and revolving, 
4 plots (4 m width × 20 m length) were demarcated. Two 
plots subjected to the disturbance created by a turnover of 
the sediment (“Digging”, plot D3 and plot D8) and two set 
as control plots (“Control”, plot C2 and plot C7). At each 
sampling occasion, 3 subplots (0.5m2) were randomly and 
unrepeatable selected and sampled by each plot. Seagrass 
community structure, shoot density, fauna abundance, 

epiphytes and grain size were investigated after the digging 
activity in five sampling events: T0: before digging; T1:14 
days after digging; T2: 45 days; T3: 75 days; and T4: 175 days. 
For seagrass restoration, we tested the effectiveness of Zc 
replanting by means of plug method using two different 
PVC tubes, with diameters of 7.5cm and 4.5cm respectively. 
8 plots (4m X 3.2m) were chosen as receiving areas. The 
plots were divided in 2 sub-areas, where 160 plugs were 
transplanted (80 plugs transplanted with the 4.5cm tube and 
80 with the 7.5cm respectively). The seagrass restoration 
experiment tested and compare mostly the survival rate, 
shoot density and the epiphytes abundance. ANOVA was 
used to evaluate seagrass parameters. 

Results

Comparing dug to control plots, seagrass density between 
them was statistically different (p <0.05) at T0 (before 
digging) and T3 (after 75 days), recovering gradually in dug 
plots with a mean of 232±163 shoots/m2 while control 
plots with a mean of 1086±98 shoots/m2 maintained 
similar density throughout the experiment. The “digging 
and revolve” experiment (mimicking community behavior 
of clam extraction) demonstrated a rather speedy 
recovery of this species, attained in matter of 2 weeks, then 
consolidated in subsequence weeks. The fauna abundance 
also showed differences, being lower on all digging plots. The 
epiphytes abundance did not differ significantly between 
the experiments however, tended to be quit high in dug 
plots (35% of coverage) than in control ones (30%). At the 
first 3 months’ time scale, restoration showed that the 
survival rate of seagrass plants differ significantly between 
the two plug method, being high at 7.5cm diameter PVC 
tubes (60%) and less than 10% of survivor rate for 4,5cm 
diameter tubes. The epiphytes abundance was higher on 
transplanted experimental sites at Inhaca Island than those 
at Bairro dos Pescadores. 

Conclusions

Zostera capensis is under pressure in Maputo Bay. 
However, our “digging and revolve” experiment 
(mimicking community behavior of clam extraction) 
demonstrated a rather speedy recovery of this species. 
7,5cm diameter plug method is appropriate for Zc 
restoration. The seagrass restoration can be seen as a 
crucial ally aiming at sustainability of clam collection. 
Wider restoration plan for seagrasses in Maputo Bay 
and elsewhere in WIO region is desired and this is to 
be undertaken with wider participation of communities; 
as following sensitization and appropriate good practice 
that tackle issues of resource sustainability and wellbeing 
of the coastal communities. 
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Background 

A large number of fish species manifest an associative 
behavior around floating objects, forming large multi-
specific aggregations around them. As a consequence, 
floating objects, known as Fish Aggregating Devices 
(FADs), have been anchored off the coast of several 
coastal countries worldwide, in order to aggregate 
pelagic fish species and increase the accessibility of the 
pelagic resource to artisanal fisheries. At the same time, 
thousands of drifting FADs are deployed by the industrial 
purse seine fisheries in all oceans, since tropical tuna 
constitute one of the main species found around floating 
objects in pelagic waters. Despite the large use of FADs, 
little is known on the associative behavior of fish and 
on the reasons why they form such large aggregations. 
Filling this knowledge gap is key to provide science-based 
advices for the management of FAD fisheries. 

Methods 

This paper presents the results obtained using a variety of 
methods, combining electronic tagging, active and passive 
acoustics and modeling, used in order to understand 
the associative behavior of pelagic fish around FADs. A 
special focus will be given to tropical tuna species, that 
figure among the main target species caught at FADs. 
Results 

Acoustic tagging data are analyzed in order to provide 
the amount of time spent by tuna at the FADs and out of 
them in different FAD arrays and regions. Moreover, the 
temporal trends of the amount of tuna associated with 
FADs are studied from Echosounder bouys data. Finally, 
recent results obtained using passive acoustics, where 
the sounds of underwater aggregations are recorded 
around FADs, are presented. The information obtained 
from these different data sources is synthetized on 
the light of the recent integrated-modeling approaches 
developed by the authors in order to obtain fisheries-
independent abundance indices for tropical tuna from 
these novel data collected around the FADs. 

Conclusion 

FADs can constitute an effective scientific platforms to 
collect novel types of data on pelagic fish species. Not 
only these data allow a better understanding of the 
ecology and behavior of these species, but also allow the 
derivation of novel indicators of abundance that can be 
applied for the management of tropical tuna fisheries. 
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The highly valuable sea cucumber resources in Seychelles 
have been exploited since the 1990s by ~25 licensed 
vessels operating over ~43,000km² and using scuba 
diving equipment. As part of the Seychelles Fisheries 
Authority’s (SFA) monitoring system, it is mandatory 
for skippers to report daily catch per species and fishing 
locations for each dive in logbooks. This data is used to 
inform management decisions. We investigated the use 
of logbook data to estimate resource abundance using 
a collaborative research approach. The study included 
two steps. Firstly, an experimental fishing survey was 
conducted in 2017, whereby divers from the fishery 
were asked to collect sea cucumbers during 10-minute 
dives within a delimited 1-ha area, that was populated by 
a range of sea cucumber densities (15 to 115 individuals). 
Because underwater visibility varied according to sea 
conditions, three visibility levels were defined (i.e., poor 
(3-5 m), moderate (6-9 m), good (12-13 m) visibility).
These conditions were assumed to be similar to those 
of commercial fishing activities. Multiple linear regressions 
were used to investigate the relationship between 
experimental catches and sea cucumber density across 
divers and underwater visibility. Results showed that 
fishers’ catches per minute were proportional to both 
the experimental sea cucumber density level and the 
underwater visibility (R²=0.68, p0.05). Secondly, in 2018, 
we monitored the depth profiles of six fishers during 
621 dives ranging from eight to 50 m depth. Depth was 
automatically recorded at 10 s intervals using pressure 
sensors, which allowed us to measure effective fishing 
time per dive. The relationship between effective fishing 
time, total dive time and depth was then explored across 
fishers through multiple linear regression models. The 
statistical model showed that effective fishing time was 
accurately predicted given total dive duration and average 
depth (R²=0.98, p <0.001).  However, a weak diver effect 
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was observed. Overall, this study indicated that harvest-
size sea cucumber density can be accurately estimated 
if skippers accurately report catch numbers per species, 
average depth, total dive duration, and underwater visibility 
for each dive in their logbooks. A smartphone application 
was then developed to facilitate the participation of 
skippers and improve data quality and spatial and temporal 
coverage. It is expected that this innovative and cost-
effective monitoring system will make use of the spatially-
explicit fishery-dependent data to estimate harvest-size 
sea cucumber abundance and contribute to adaptive co-
management of that small-scale fishery in Seychelles. 
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Background 

Mangrove forests do not only satisfy people’s material 
needs, such as provisioning of timber, building poles, 
charcoal, fishing stakes, local medicine and animal 
fodder but also provides the bases for qualitative social 
and ethical values including sacred spaces, aesthetic 
experiences and personal group identities derived from 
the local surroundings, which does not entail measurable 
monetary values. This is why social values of mangroves 
are often not apprehended in policy and decision 
making. Moreover, weak institutional law enforcement in 
mangrove management, is one of the causes attached to 
the degradation and loss of mangrove forests in Tanzania. 
There are small patches of forests (sacred forests) 
protected under traditional systems that can be cited 
as pristine, demonstrating effectiveness of traditional 
management systems in sustaining mangrove resources. 
However, there are few studies that adequately explain the 
roles and importance of taboos and norms in supporting 
the management and conservation of mangrove forests 
in Tanzania. Consequently, sacred forests continue to 
be inappropriately considered, less appreciated and 
recognized by the state authorities in Tanzania. Here we 
report findings from a community survey on traditional 
utilization patterns of mangrove forests and perception 
on the importance of rules, norms and taboos linked to 
the cultural significance of mangroves to communities of 
Moa and Mahandakini in Tanga, Tanzania. 

Methods 

This study was conducted in Moa and Mahandakini 
villages, which are in Mkinga District, Tanga Region, in 
the North Eastern corner of the Tanzania border with 
Kenya. Both qualitative and quantitative social research 
approaches including (1) Nominal Group Technique 
(NGT) which was used to identify priorities, rank 
traditional management options as well as cultural values 
of mangroves, (2) Household Questionnaires (HHQ) 
whereby, structured questionnaires were addressed to 
the head of household within a group of people/social 
unit composed of those who dwell or live under the same 
roof to assess social and cultural values of mangroves and 
traditional institutions governing utilization of mangroves 
in their villages(3) key informant interviews (KIIs) 
that aimed at obtaining detailed information to clarify 
issues which were raised during NGT and individual 
questionnaire survey as well as exploring and giving more 
detailed information about socio economic activities, 
mangrove management strategies and social values 
attached to mangrove forests. and (4) field observations 
was to observe uses of mangroves such as in the built 
houses, fishing vessels and furniture; community daily 
social economic activities practiced, restored mangroves 
by community volunteers as well as accessibility to 
sacred forests was done to confirm issues rose during 
NGT, KII and HHQ. On the other hand, secondary data 
was collected from published and unpublished reports 
from different sources including websites. Moreover, 
Data collected from primary and secondary sources 
were analyzed both quantitatively and qualitatively 
in accordance to the specific objectives whereby, 
descriptive statistics were derived from quantitative 
data while inductive and content analyses were used 
to analyze qualitative information. 

Results 

Results from HHQ and NGT revealed that, there were 
significant difference in appreciation of social values 
of mangroves by Moa and Mahandakini communities. 
Mahandakini community ranked high therapeutic, 
heritage and spiritual values than Moa community, 
supposedly due to absence of health or pharmaceutical 
care facilities in the village. Thirty one sacred mangrove 
forest patches were reported to exist in Mahandakini 
as compared to only 6 in Moa, demonstrating strong 
compliance to the prohibitions and restrictions in fear of 
misfortunes through taboos, local rules and social norms 
in Mahandakini. For Moa, amenity and existence values 
were ranked high. These traditional sanctions have great 
potential to safeguard mangroves and their associated 
fauna from exposure to irresponsible exploitation. 

Conclusion 

Results from this study disclose the uniqueness of every 
mangrove forest to its users and it is vital for conservation 
managers to characterize the integral differences of each 
mangrove forest, and appreciate every mangrove as a 
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place in itself.  This include considering the significances 
of history and social services provided by each site either 
for recreation, spiritual worship or relaxation purposes, 
and probably using them as an approach of (re)forming a 
distinctiveness for each mangrove forest, which may enable 
reconstruction of interaction between the community 
members and their environment and hence improve 
their livelihood as well as conserve their culture linked 
to existence of mangrove forests.  As one interviewee 
claimed; “This sacred patch of forest is our lives whenever 
that patch of forest is destroyed or cleared all of us in this 
clan are gone”.  Moreover, the presence sacred forests (31 
in Mahandakini and 6 in Moa communities) were claimed 
by respondents as the only pristine mangrove forests 
which were conserved and protected through local 
prohibitions and restrictions, hence place a major role in 
conservation and management of mangrove forests and its 
associate biodiversity. Therefore, conservation managers 
and responsible authorities must be very cautious on the 
delay they have on recognizing and appreciating the role 
of local taboos and norms as they even impose other 
state laws which are hard to enforce; otherwise, the 
pressure from advanced education system, development 
of science and technology as well as industrialization and 
urbanization will eventually lead into loss of all the taboos 
and social norms linked to conservation and management 
of natural resources.

POSTER
Connectivity of coral reef and mangrove fauna in 
the Indian Ocean 

MARC KOCHZIUS1*, KUSHLANI DISSANAYAKE1,2, 
MIN HUI3 , FILIP HUYGHE1,4 , ALEX NEHEMIA1,5, 
WINNIE A. NG’ENDO IKINYA1,6, YAMUNGU 
NGENDU1,7, AGUS NURYANTO8, LEVY OTWOMA1,6,9, 
HAJANIAINA A. RATSIMBAZAFY1,10, CYRUS 
RUMISHA1,5, ROSA VAN DER VEN1, ANNELORE VAN 
NIEUWENHOVE1 
1Marine Biology, Ecology & Biodiversity, Department 
of Biology, Vrije Universiteit Brussel (VUB), Brussels, 
Belgium 
2Faculty of Engineering and Management, Ocean 
University of Sri Lanka, Colombo, Sri Lanka 
3Key Laboratory of Experimental Marine Biology, 
Institute of Oceanology, Chinese Academy of Sciences, 
Qingdao, China 
4Molecular Ecology and Evolution of Fishes, Center for 
Ocean Health, Long Marine Lab, University of California, 
Santa Cruz, United States of America 
5Department of Biosciences, Sokoine University of 
Agriculture, Morogoro, Tanzania 
6Kenya Marine and Fisheries Research Institute 
(KMFRI), Mombasa, Kenya 
7Ministry of Livestock and Fisheries Development, Fish 
Quality Control Section, Musoma, Tanzania 

8Faculty of Biology, Jenderal Soedirman University, 
Purwokerto, Indonesia 
9Leibniz Centre for Tropical Marine Research (ZMT), 
Bremen, Germany 
10Institut Halieutiques et des Sciences Marines, 
University of Toliara, Toliara, Madagascar 

Email: marc.kochzius@vub.be
 
So far, connectivity of populations in the Indian Ocean 
(IO) was rather understudied and no comprehensive 
picture could be drawn based on the available data. 
However, this has changed in recent years and meanwhile 
a growing number of connectivity studies based on 
genetic data (mtDNA and microsatellites) are published 
or under way. Even though there are differences in spatial 
scale, study region and genetic marker used, some general 
pattern of gene flow are emerging from these different 
studies on a growing number of coral reef and mangrove 
dwelling animals. Studied coral reef species are e.g. the 
stony corals Acropora tenuis and Seriatopora hystrix, the 
reef fishes Amphiprion akallopisos and Acanthurus triostegus, 
the giant clams Tridacna maxima and T. squamosa, the 
cephalopod Octopus cyanea and the blue sea star Linckia 
laevigata. Mangrove fauna investigated are e.g. the giant 
mud crab Scylla serrata, the prawns Penaeus monodon 
and P. semisulcatus, as well as the snails Terebralia palustris, 
Littoraria subvittata and L. pallescens. On the large scale 
of the IO and adjacent seas, the following genetically 
differentiated regions can be observed: (1) Western Indian 
Ocean (WIO), (2) Red Sea (RS), (3) Persian Gulf (PG), (4) 
South Indian Shelf and Bay of Bengal (BoB), and (5) Eastern 
Indian Ocean (EIO). This genetic structure is congruent 
with large-scale oceanographic pattern, such as the narrow 
connections of the RS and PG to the IO, the gyre in the 
BoB and the large stretches of open ocean between the 
WIO and EIO. Prevailing currents, gyres and isolation-by-
distance are apparently shaping the genetic structure of all 
these different taxa in the same way. On a regional scale 
within the WIO the picture is not so clear-cut, because on 
this scale the length of the pelagic larval duration (PLD) and 
other life history traits probably play a much larger role 
than on a basin-wide IO scale.  However, there are also 
some general patterns that could be revealed.  An emerging 
pattern of genetic differentiation found in several taxa is 
the separation of East Madagascar from other areas of the 
WIO, e.g. in the reef fish A. akallopisos and the cephalopod 
O. cyanea, which could be due to the Northeast and 
Southeast Madagascar Current. The populations in North 
Madagascar show different affinities, either being separated 
from other regions (stony coral S. hystrix), grouped with 
East Madagascar (crab S. serrata and snail T. palustris) or 
being connected to the East African coast in the northern 
Mozambique Channel (stony coral A. tenuis and cephalopod 
O. cyanea). Populations of the stony coral A. tenuis and the 
snail T. palustris in South Madagascar show limited gene flow 
with other parts of the WIO. This can also be observed in 
the cephalopod O. cyanea in Southwest Madagascar, while 
a population further north at the central west coast of 
Madagascar shows connectivity to northern populations 
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across the Mozambique Channel. The same pattern was 
found in the stony corals A. tenuis and S. hystrix, as well as 
the snail T. palustris in Southwest Madagascar. Some species 
are even connected to populations further north at the 
East African coast. An oceanographic study using drifters 
also indicated connectivity by currents between the 
African mainland in the northern Mozambique Channel 
and Southwest Madagascar.  However, the Mozambique 
Channel gyres can potentially form a barrier for exchange 
among populations at the two sites of the channel, which 
would lead to a genetic separation of populations in 
Madagascar. Again, an oceanographic study using drifters 
showed that particles can be trapped in a gyre for periods 
exceeding the PLD of some reef fish. Such a pattern was 
found in the reef fish A. akallopisos, giant calm T. maxima and 
prawn P. monodon. Populations of the prawns P. monodon 
and P. semisulcatus from East and West Madagascar show a 
genetic differentiation of the northern and southern half of 
the island. Another potential oceanographic barrier is the 
bifurcation of the South Equatorial Current (SEC) at the 
East African coast to the north and south in the northern 
Mozambique Channel. Even though a clear genetic break 
can only be observed in the stony coral S. hystrix, several 
species show a genetic differentiation among southern 
and northern populations along the East African coast, 
e.g. the giant clam T. maxima, the blue sea star L. laevigata 
and the snail L. subvittata. Especially populations in South 
Mozambique can be genetically distinct, e.g. in the stony 
coral A. tenuis and snail T. palustris. The northern branch 
of the SEC bifurcation becomes the East African Coast 
Current (EACC) that flows along the coasts of Tanzania 
and Kenya.  Along the EACC some species show rather a 
gradient of genetic differentiation, such as the stony coral 
S. hystrix, while others show no genetic structure along the 
EACC (stony coral A. tenuis) or almost along the entire East 
African coast (reef fishes A. akallopisos and A. triostegus, crab 
S. serrata and snail L. pallescens). This is congruent with the 
results of biophysical modelling, proposing that coral reefs 
in Tanzania are seeding downstream reefs in Kenya. The 
emerging pattern of a common genetic structure in coral 
reef and mangrove fauna of the WIO could be summarised 
as follows, even though there are exceptions: (1) North/
East Madagascar, (2) South/Southwest Madagascar, (3) 
Southwest Madagascar and northern Mozambique Channel, 
(4) South Mozambique and (5) EACC (Tanzania and Kenya). 
Future studies including more species and samples sites, 
as well as utilising genome-wide SNPs analysed by Next-
Generation-Sequencing are needed in combination with 
biophysical modelling to receive a comprehensive picture 
of connectivity in the WIO. This is urgently needed for a 
proper spatial arrangement of marine protected areas in a 
WIO-wide network that matches the general connectivity 
pattern. This will enable sustainable management of marine 
living resources in the WIO in order to reach the sustainable 
development goal 14 (life below water). 
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Coastal environments provide a valuable range of 
ecosystem services. In the actual scenario where 
approximately 60% of the world population lives within 
100km from the coast, coastal ecosystems have suffered 
rapid degradation. Seagrass habitats are characterized as 
productive coastal ecosystems that also connect habitats 
such as mangroves and reefs through ontogenetic and 
foraging migrations of fish. It is also known that some 
species of fish exhibit circadian movements (migration, 
feeding, reproduction), and it is necessary to magnify the 
knowledge about the behaviors on the dark, such habitat 
use. Probably associated with logistics of data collection. 
In order to investigate the differences in fish assemblage 
composition between night and daytime in seagrass beds, 
fish assemblages were evaluated in seagrass beds of the 
Bazaruto Archipelago, Mozambique. Fish were identified 
and quantified at two sites through visual census (strip 
transect: 25m long x 4m wide = 100m2). Ninety-three 
fish species were observed, of which 33 species were 
present in both periods, 60 species were observed only 
during daytime, and 24 species were recorded only in 
nocturnal surveys, showing significant differences of 
species richness and abundance between periods. The 
most abundant species during daytime were Lethrinus 
variegatus (33.7%), followed by Gerres oyena (18.2%) 
and Parupeneus macronemus (7.2%). Lethrinus variegatus 
was also the most abundant during night-time (20%), 
although sleeping, followed by Arothron hispidus (12.1%) 
and Gerres sp. (8.8%). Among those species, juveniles 
of L. variegatus were the most representative specie 
in both periods, confirming the use of seagrass beds as 
a nursery habitat. Similarly, juveniles of G. oyena were a 
representative species during daytime, suggesting that G. 
oyena utilise the habitat as a nursery during this period. In 
the Bazaruto Archipelago, the small-scale fishery targets 
seagrass beds, and the diurnal variation in the composition 
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of the assemblages could have impacts on the availability 
of fish resources because of the nursery importance of 
the habitat. Therefore, this kind of ecological information 
is needed to support a correct management of species, 
conservation actions, and to secure an important protein 
resource to the local population. 
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Background

Subtidal rocky and coral reefs constitute some of the 
most important habitats in southern Mozambique, 
playing a fundamental role in subsistence and small-
scale fisheries, tourism (recreational/sport fishing and 
SCUBA diving), as well as coastal protection. While their 
importance has been widely acknowledged, very few 
studies have been conducted to assess and document 
their distribution and conservation status. As part of 
the research and monitoring activities conducted for 
the Pomene National Reserve in southern Mozambique, 
reef surveys were conducted at Baixo Zâmbia in 2016, 
2017 and 2018.  The surveys aimed at providing baseline 
information on the nature, composition and condition of 
the reef communities. 

Methods

Bathymetric mapping was conducted using a combination 
GPS/fishfinder (Garmin echoMap CHIRP 42CV) over a 
pre-determined grid that was superimposed on existing 
nautical charts. Track depth data were collected in 
transects along and across the reef.  These data were 
analysed using Surfer 15 software which yielded a 
representation of the three-dimensional reef structure. 
Reef surveys were conducted using SCUBA and a digital 
camera (Nixon Coolpix 4800) in an underwater housing. 
Point intercept analysis of photo-quadrat transects of the 
benthos recorded in the northern, central and southern 
sections of the reef, covering the reef top and slopes, 
were used to extract cover data using CPCe software. 
Standard multivariate statistics (similarity percentages – 
SIMPER, analysis of similarities – ANOSIM and non-metric 
multidimensional scaling – nMDS) were performed on 
untransformed data. Finally, the ichthyofauna were visually 

assessed using a plotless, semiquantitative method for 
species abundance in three categories: present (10). Fish 
observed were assigned to the following size classes: small 
(5-15cm), medium (16-30cm) and large (>30cm). Species 
lists were compiled after each dive. 

Results

Baixo Zâmbia is a rocky massif similar to other structures 
in southern Mozambique (e.g. Baixo São João, Baixo 
Danae) and in Kwazulu-Natal, South Africa (e.g. Aliwal 
Shoal), originating from submerged, fossilised dunes. The 
reef is about 4.3km long and 700 m wide and is located 
about 6km offshore in a north-south orientation. At its 
shallowest point, corals are found at a depth of about 7 
m on the reef top, and the reef slopes gently to about 
24 m in the east and quite abruptly to about 18 m in 
the west, where an extensive rubble field borders the 
reef. The reef is subjected to large oceanic swells, which 
influence its nature and biotic composition. The coral 
community proved to be heterogeneous and significant 
differences were found in community structure within 
the reef sections sampled (ANOSIM, R=0.59; p <0.01), 
with an average Bray-Curtis dissimilarity of 48.8. This 
was further shown by non-metric MDS, where a clear 
clustering of the transects within each sections was 
evident. SIMPER revealed that hard corals (branching, 
tabular and encrusting), as well as, soft corals were 
responsible for 69.4% of the variability. Chief among 
these, Acropora, Pocillopora, Montipora, Lobophytum and 
Sinularia accounted for 76.8% of the variability.  A total of 
69 coral species was positively identified, comprising 53 
species of hard corals (32 genera) and eight species of 
soft corals (four genera).  Acropora was the most speciose 
genus with 11 species. In general, rubble, sand and bare 
reef were the dominant benthic categories and ranged 
in cover from 51.2 to 66.7%.  Total live coral cover was 
33.2±11.5% (SD), ranging from 25.7±1.6% at Kitwe (an 
isolated pinnacle off the main reef) to 38.0±17.9% at 
Shallow South (reef top and western slope).  Hard corals 
were the dominant biota, covering on average 26.4±11.4 
(SD) of the reef, ranging from 20.6±8.6% at Trojan to 
32.4±17.7 at Shallow South. Soft coral cover was 
modest, averaging 5.4±4.2% (SD).  Little coral damage 
was evident (30cm) were common, including species of 
commercial importance, as well as top predators such 
as barracudas (Sphyraenidae), kingfishes (Carangidae) 
and rockcods (Serranidae). Herbivores (Acanthuridae 
and Scaridae) were dominant in terms of biomass. 
The reef also had a diverse assemblage of ornamental 
species (Chaetodontidae, Pomacentriade and Labridae). 
Although subjected to considerable fishing pressure 
(e.g. subsistence, artisanal as well as recreational and 
sports fishing), the reef harbours and supports a rich and 
abundant fish community. Given the preliminary nature 
of this assessment, the numbers of coral and fish species 
are expected to rise with further research. 
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Conclusion

In view of the proposed extension of the Pomene National 
Reserve, the reef warrants zonation and protection due 
to its size, relatively good condition and remoteness. 
The zonation plan must make provision for recreational 
use (diving and fishing) and subsistence fisheries. These 
pressures must be addressed at once, as the bathymetry 
of the reef and oceanography of the area contribute to 
its susceptibility to climate change drivers (i.e. bleaching 
associated with increased sea temperatures and extreme 
events such as storms and cyclones).
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Background

some species of holothurians constitute a marine 
resource, exploited in the Indian ocean since a very long 
time, mostly for export as the dried product, trepang 
or beche-de-mer, for oriental consumers. Recent studies 
have shown that they are now mostly overfished in 
most countries. Attention for protection is presently 
developing. The teatfish from the Indian ocean Holothuria 
(Microthele) fuscogilva, H. (M.) nobilis are high value species, 
as H. (M.) fuscogilva, H. (M) whithmaei in the tropical Pacific 
and need conservation of their populations. 

Methods

Among several approaches a CITES listing, in one of 
the three existing Appendices, is a possibility which has 
been developed recently first presented by the French 
Scientific Authority at the 79th meeting of the Scientific 
Review Group (SRG) (June 2017) where it was favorably 
received by the other EU Member States, then at the 
Animals Committee, the technical committee of scientific 
experts of the Parties to CITES, in Geneva in July 2018 
and under the EU delegation. The proposal, after some 
corrections, mainly suggested during a very recent FAO 
meeting (January 2019), will be presented by the EU at 
the next CITES CoP in Colombo, Sri Lanka at the end of 
May 2019, with the support of several countries. 

Results

A careful analyse of the various bibliographical resources 
(scientific publications as well as country reports) has 
allowed to synthetize the present knowledge on the 
biology, ecology and fisheries of these important species 
and their importance for the fishers and the trade. 
The discussions have already concerned the number of 
species to list and the choice of the species, as these 
fisheries are now developing worldwide. 

Conclusion

There is a the long way toward listing in CITES Appendix 
II for most marine species, but this proposal is well 
advanced and will allow other species of commercial 
holothurians to be added in the future. 
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Background

Kenya’s marine fishery is dominated by artisanal fishing 
largely confined within the territorial waters owing to 
limited infrastructure and capacity to facilitate deep sea 
fishing. With the global push to enhance the sustainable 
exploitation of the Blue Economy for improved food 
security and faster economic progress, it is imperative 
to mobilize resources towards exploitation of deep sea 
fisheries. This will not only reduce the immense pressure 
adversely affecting inshore fisheries but also contribute 
towards improved livelihoods and socio economic 
progress. Industrial bottom trawlers operating within 
WIO mainly targets the shrimps. However, a significant 
proportion of their catches (approximately 80,000 to 
120,000 Metric tonnes (Mt) annually) include a variety of 
by-catch comprised of lobsters, finfish and octopi, among 
other species. These are either discarded overboard or 
retained for sale depending on their commercial value. 
There is growing emphasis being placed on landing the 
bycatch, as opposed to discarding it so as to contribute 
towards food security.  A thorough comprehension of the 
potential of the deep sea fishery is especially important 
for the provision of timely, accurate information on 
the productivity and diversity of offshore trawl fishery 
to facilitate sustainable exploitation. The main purpose 
of the study was to assess the status of the deep sea 
trawl fishery based on data collected on three industrial 
deep water trawlers operating off the Malindi-Ungwana 
Bay. Specifically, it focused on analyzing the trends in the 
catch volume, Catch Per Unit Effort (CPUE) and catch 
composition of the fishery. 
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Methods

Catch data from three trial fishing vessels was analysed 
with the aim of assessing the deepwater crustacean 
stocks. The fishing period covered North East Monsoon 
(NEM) seasons when the shallow water prawn trawl 
fishery is closed.  The documented trawling activity was 
conducted in specific months over three years i.e. 2016 
(November and December), 2017 (January, February, 
March, November and December) and 2018 (January, 
February, March and April). The data also captured 
respective activity dates and time, geographical 
positions (coordinates), trawling distances and depths. 
The data was cleaned prior to analysis using Ms Excel. 
Total catch (Mt) and catch per unit effort (CPUE in 
kg/hr) were computed. The catch volume, recorded 
in kilograms was converted into metric tonnes, while 
fishing effort (in hours) was calculated by subtracting 
the time recorded at the beginning of each trawl from 
the time recorded at the end of each haul. Thus, the 
catch per unit effort (CPUE) was arrived at by dividing 
the catch volume (kg) by the fishing effort expressed in 
hours. The calculated catch volume (Mt) and CPUE (kg/
hr) values were then compared over the period under 
study to identify important temporal variations. Catch 
composition was also assessed to identify the major 
fisheries exploited, including demersal and pelagic fish 
as well as benthic invertebrates such as octopi, lobsters 
and prawns. To illustrate the spatial distribution of 
the trawling activity, the computed CPUE values for 
the entire period under study were mapped using 
QGIS software. The midpoints between the recorded 
fishing start and end points were calculated and used 
as representative coordinates for each trawl. Color 
codes were then used to distinguish the fishing activity 
of the three vessels. Fisheries observers examined the 
catch of for nine fishing trips to determine the species 
composition and collect biological data on key species. 

Results

An average of 2.39 hours was spent for each of the of 
the 1709 trawls undertaken at varying depths ranging 
between 8.9 and 398m.   A total catch of 271 Mt was 
landed in 4092 hours of fishing effort averaging 66 kg 
per trawl. The vessels were active during the NEM 
seasons only, which was attributable to the relative 
ease of fishing and high catches associated with the 
season in comparison to the SEM season. 65% of the 
catch comprised of finfish with the highest volume (75.6 
Mt) of the same harvested in the year 2017. Lobsters 
and cuttlefish recorded the second and third highest 
proportions of the catch at 15.8% and 4.8% respectively.  
The total catch of lobsters over the three years showed 
a declining trend while the volume of prawns increased 
gradually over the three years with finfish and the rest 
illustrating fluctuating trends. The catch increased by 
16.6% between 2016 and 2017, while the fishing effort 
increased by 28.0% during the same period. Between 2017 
and 2018 the total catch and fishing effort declined by 
63.4% and 66.5% respectively. While the CPUE remained 
relatively static between 50 – 80 kg hr-1, over the entire 

period, the monthly catch for 2017 and 2018 was notably 
lower than in 2016. The highest monthly catch was 73.17 
Mt, obtained in December 2016 and lowest was 0.21 Mt, 
recorded in January 2018, whereas the mean CPUE was 
highest (84.3 kg hr-1) in January 2017 and lowest (52.1 
kg hr-1) in February 2017. Fishery observers examined 
a total catch of 22.2 Mt comprising 42 families and 45 
species of which fin fish contributed more than 60% while 
prawns, crabs, lobsters and cephalopods contributed the 
balance of about 40%. The crustaceans (target species) 
were composed of prawns (50%) with lobsters and crabs 
contributing 25% each. The most abundant individuals 
of crustaceans were three species of prawns, Penaeus 
marginatus, Parapenaeus investigatoris and Penaeopsis balssi 
while the highest number of fish species recorded included 
Saurida undosquamis (14.7%), Champsodon capensis (13.9%) 
and Bembrops platyrhynchus (13.0). 

Conclusion

The Kenyan Exclusive Economic Zone (EEZ) largely 
remains out of reach to artisanal fisher folk, who rely solely 
on fishing as a source of livelihood. Distant Water Fishing 
Nations with highly equipped fishing vessels continue 
to take advantage of this gap for their own benefit. This 
study clearly indicates the high potential that lies in the 
deep-sea trawl fishery with finfish, lobsters and prawns 
recording the highest catches over the period under study. 
Kenya has expressed her commitment in enhancing the 
sustainable exploitation of her Blue Economy. The study 
also contributes to the information that will enhance the 
planning and management of infrastructural development 
and capacity building of local fishermen towards deep sea 
fishery exploitation that has the potential to significantly 
improve livelihoods and contribute to food security in 
Kenya and the WIO region at large.
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Background 

In recent years, community-based fisheries management 
initiatives have been promoted in a number of mainland 
and island communities in the northern Mozambique 
province of Cabo Delgado. These have been adapted to 
the context of Mozambique’s fisheries co-management 
and conservation legal frameworks. They empower 
local communities to define the boundaries of their 
fishing areas and to develop use and access rights, 
including the establishment of temporary and permanent 
fishing closures. The presence of itinerant fishers is 
a major feature of fisheries in this area. Literature on 
management of common pool resources has highlighted 
that itinerant fishers may not have strong incentives to 
manage local resources sustainably and may not share 
the same understanding of how a local resource system 
works and what rules and norms are appropriate for 
its management. Previous studies in Cabo Delgado have 
shown some positive impacts of itinerant fishers in 
local communities but also negative impacts, particularly 
on resources - this from the perspective of local 
communities themselves. Clearly, itinerant fishers pose 
challenges for community-based fisheries management. 

Methods 

This paper aims to improve understanding of itinerant 
fishing in Cabo Delgado and to identify barriers and 
opportunities to addressing the challenges posed by 
itinerant fishers for community management. The study 
was conducted in the context of the Our Sea Our Life 
(OSOL) which supports community marine resource 
management in northern Mozambique. The methodology 
used included a review of existing literature and field 
data collection through individual and group interviews 
with a range of key informants, including itinerant and 
local fishers, fish traders, members of Community Fishing 
Councils (CCPs), and local leaders and elders. Interviews 
were conducted in October/November 2015 in six 
villages in northern Cabo Delgado. 

Results 

The results highlight the complexity of fishers’ movement 
patterns in the area. These patterns vary widely. For 
example, there are both shorter and longer-distance 
movement of fishers, including fishers originating within 
Cabo Delgado Province as well as neighbouring Nampula 
Province and from Tanzania. Itinerant fishers can be (i) 
seasonal, (ii) permanent residents for those who have 
married and settled in local communities, or (iii) temporary 
residents for those who participate in one-off fishing 
campaigns. Interactions between local communities and 
itinerant fishers also vary. In some villages, the relationship 
between itinerant fishers and the local community 
is conflictive, and there have been instances of local 
communities expelling itinerant fishers from their areas, 
while in other itinerant fishers appear to be accepted by 
the community. Itinerant fishers from Nampula province 
pose the greatest challenges to management because 
of their large and reportedly growing numbers (which 

have however temporarily reduced due to the security 
situation in the area). These fishers come with the main 
objective of maximising earnings in a short period of time. 
This creates incentives for intensive fishing and the use of 
unselective and often destructive fishing techniques. In all 
communities, many of the itinerant fishing activities are 
organised by patrões (boat and gear owners) who recruit 
fishers, often young fishers, to work for them on fishing 
campaigns. While there is significant rotation in young 
fishers, many patrões are semi-settled or come to fish 
in the same areas year after year. This creates a potential 
interest in maintaining the fishery and participating in 
community fisheries management actions. 

Conclusion 

In conclusion, despite a recent reduction in the number 
of itinerant fishers caused by the insecurity situation in 
northern Mozambique, itinerant fishing is likely to continue 
once this situation normalises. Movement patterns and 
interactions with local communities vary widely requiring 
locally specific approaches. Improved enforcement of fishing 
regulations across the board is necessary. This requires 
strengthening community-based institutions (CCPs) and 
greater collaboration between CCPs and government 
agencies responsible for more effective enforcement. Efforts 
can me made to improve communication between itinerant 
fishers and local communities, and to promote greater 
participation of itinerant fishers in local management 
efforts, for example, by working with influential individuals 
in itinerant communities. Finally, measures to improve 
marine resource management and encourage sustainable 
livelihoods are also needed in the areas of origin of itinerant 
fishers in order to address some of the key drivers of 
itinerant fishing. 

Keywords: Itinerant fishing, artisanal fisheries, co-
management, Mozambique

POSTER          
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The Indian Ocean is the second largest tuna production 
area, accounting for nearly 20% of global commercial tuna 
catches. The industrial tuna purse seiners target tropical 
tunas with more than 70% of operations involving the 
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use of drifting FADs, resulting in the catch of non-
targeted species (5% of total catch) aggregated under 
FADs together with tuna. However, since January 2018, 
the Indian Ocean Tuna Commission (IOTC) requires 
landing of all catches (including bycatch) unless not fit 
for human consumption; hence the bycatch is brought 
ashore for local consumption or regional export. 
Victoria, Seychelles hosts the main tuna hub in the Indian 
Ocean where more than 90% of all catches are landed, 
including over 40 fish species of FAD-associated bycatch. 
These cast-off fish can be an important food source 
for the growing Seychelles population, contributing 
to food security in the region. Pelagic fish are known 
for their high content in proteins and polyunsaturated 
fats, which are essential nutrients for human health and 
child development, especially in small island states like 
Seychelles. They may be exposed however to unwanted 
toxic contaminants that bioaccumulate in marine 
organisms. Information on actual content of essential 
nutrients and food contaminants in these bycatch is thus 
required to ensure that they meet international food 
standards before further economic development. The 
analysis of mercury (Hg) is a first step toward a clearer 
understanding of the nutritional value of bycatch. This 
study aimed to determine the Hg content of 25 different 
bycatch species caught on drifting FADs from January to 
November 2018 in the western Indian Ocean and landed 
at Victoria, Seychelles. From 680 sampled bycatch fish, 
around 300 muscle samples were analyzed using a Direct 
Mercury Analyzer. Results demonstrated the fluctuation 
of Hg according to the species and underlined factors that 
were most influential of Hg levels, such as fish size and 
trophic ecology, while fishing location had no significant 
effect. Comparison of Hg data with the international 
maximum limit revealed no health issue with most of the 
species, except for the largest top predators.
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Present and future trends in winds and SST off 
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The coast of Central East Africa (CEA) is a dynamic 
region in terms of climate, in which fisheries and marine-
related services impact a large portion of the population. 
The main driver of regional dynamics is the seasonal 
alternation of the Northeast and Southeast monsoons, 
which winds modulate the prevalent, remotely-forced 
East African Coastal Current (EACC). Here, we 
investigate present and future trends in winds and sea 

surface temperature (SST) off the CEA and adjacent regions 
using reanalysis and reconstructed data, and an ensemble of 
General Circulation Models included in the IPCC reports. 
We found that winds and SST show unidirectional trends, 
different between monsoons. Winds show decreasing 
trends during the NE monsoon, in the past and future, off 
the Somali region; trends were not consistent during the SE 
monsoon. SST shows increasing trends in the entire region 
in the past and future, with stronger warming during the 
NE monsoon off Somali; SST trends are smaller in the CEA. 
These trends could impact the CEA through increased 
water-column stability and decreased upwelling due to 
shifting of the EACC separation from the continent. Given 
the coarse resolution of data analyzed, regional modeling is 
still necessary to understand impacts on local dynamics and 
productivity in the CEA. 

POSTER
Study of mineral at Gazela region in the Bons 
Sinais Estuary, Mozambique 

MARLENE MASSIQUE, CÉSAR A. MUBANGO, NOCA 
B.F. DA SILVA 

Coastal Marine and Science School of Eduardo 
Mondlane University 

Minerals are defined as any natural solid having an organized 
internal structure and well-defined chemical composition. 
Its distribution on the land is not homogenous, several 
factors influence this. The Gazela region has a potential 
for minerals, due to the fact that it is located near the 
decayed region for the extraction of the heavy sands and, 
on the other hand, it is crossed by the Bons Sinais estuary 
that receives the discharges from the Cuacua rivers and 
Licuari, bringing with it sediments from the interior. In the 
possibility of identifying the minerals present in the region, 
sampling was carried out at seven points, at a distance of 
200 m, in the intertidal zone of the low tide. Identification 
of the minerals was performed in the laboratory using an 
X-ray Diffractometer.  Analyzes indicate that the region is 
composed mainly of Berlinite, but also with the presence 
of Quartz, Albite, Ortoclase, Santite, Sanidine and 
Roubalite faces. The mineral identified in small proportion 
was the Roubaulite. Quartz and Berlinite were present in 
most samples. Of the 7 minerals identified in this region, 
Berlite, Ortoclase, Santite, Sanidine and Roubalite are new 
discoveries in the Bons Sinais estuary, taking into account 
that the minerals identified in the bottom sediments of 
the estuary by Chichava (2017) and estuarine sandbanks 
by Chico (2018). With these results totaling 12 faces of 
minerals, the others being: Muscovite, Titanite, Topazium, 
Enestatite and Colombite. In conclusion, the fact that in 
recent years the Mozambican government through foreign 
investors are betting on the mineral extraction industry, 
the Gazelas region has a potential for such extraction. 

Keywords: Gazelle, sediments, minerals
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Background 

The Blue Economy has widely gained traction as a key 
concept that seeks to stem biodiversity loss whilst 
stimulating economic development, thereby integrating 
both environmental and economic interests. However, 
while there are various perspectives on and definitions of 
the Blue Economy, a critical lens is lacking. Although the 
Blue economy builds on the Green Economy, it has failed 
to engage with earlier critiques of the Green Economy 
and as a result similar critiques emerge in relation to 
the Blue Economy. Moreover, there seems to be little 
understanding of what the Blue Economy looks like in 
practice, and how the triple bottom line of economic 
growth, environmental sustainability, and social equity can 
be attained. This is further exacerbated by the fact that 
Blue Economy perspectives in practice, and at a national 
level where implementation occurs, are seldom analysed. 
Thus, what is lacking is a critical reflection of what the 
Blue Economy means in practice, and an understanding 
of who is driving this agenda at a sub-national scale. 
This paper provides an empirical contribution with data 
from the Seychelles, where a Blue Economy narrative 
together with a debt-for-nature swap has been shaping 
environmental governance in practice – but practice in 
turn is also influencing the concrete application of these 
ideas. Seychelles has a unique position in Africa, due to its 
remote location in the Indian Ocean, its political history, 
and its pioneering role in promoting the Blue Economy: it 
presents itself as a leader for Africa in this respect. 
Methods

We developed a mixed methods approach that integrates 
qualitative interviews, Qmethodology (combining 
quantitative and qualitative techniques which ask 
respondents to rank statements), and social network 
analysis, to investigate Blue Economy-influenced 
environmental policy making in Seychelles, and examine a) 
what the Blue Economy means in Seychelles b) who and 
what perspectives are influencing the Blue Economy in 
practice; c) who stands to gain or lose out. Data collection 
took place between March 2017 and March 2018 and 
involved 21 initial and 11 follow up face-to-face interviews; 
and a structured online questionnaire with 20 of the 
original respondents. Respondents were all environmental 
policy makers and practitioners involved in Seychelles 
Blue Economy. 

Results 

The Q method provides evidence of at least three 
different perspectives amongst national policy 
practitioners in Seychelles: “Critical, with potential for 
change”, “Pragmatic and accepting”, and “Idealist and 
wanting to go further on equity”. There is surprising 
(given the variety of backgrounds) agreement between 
the actors involved in Seychelles Blue Economy policy 
landscape, with seven of the eleven actors sharing the 
same perspective. Furthermore, all three identified 
perspectives can be said to be variations of the “Oceans 
as natural capital” view in international discourse. 
However, all three perspectives found in Seychelles 
are rejecting the notion of “putting a price on nature” 
which is prominently featured in the “Oceans as 
natural capital” perspective. Other perspectives than 
the “Oceans as natural capital” view, which have been 
identified in the international discourse, are not present 
amongst the group of stakeholders in Seychelles. 
This means that firstly, Seychelles has chosen one 
very specific interpretation of the Blue Economy, and 
secondly, a large part of the scientific discourse about 
the Blue Economy does not directly apply to Seychelles. 
Indeed, some international perspectives on the Blue 
Economy are met with resistance in Seychelles, for 
example the notion of pricing nature and the importance 
of a market economy in the Blue Economy. There is 
a desire for Seychelles to steer the Blue Economy 
locally: all respondents see Seychelles as an actor that 
can set the agenda, and they agree that that “financing 
conservation with money from abroad means a loss of 
sovereignty” When combined with a network analysis 
of stakeholders in Seychelles, it becomes apparent that 
the most influential actors in the information network 
have a “Critical, with potential for change” perspective 
on the Blue Economy. These actors are influential in the 
network of resources as well, however in this network 
a “Pragmatic and accepting” perspective is more 
influential than in the information network, indicating 
that the potential for change might be limited due to 
the restrained influence of more critical actors. Key will 
be for Seychelles to retain its autonomy in the Blue 
Economy: this is something that all respondents felt 
strongly about, as expressed by sovereignty concerns. 
This view was expressed in the follow-up interviews 
as well, by discussing the role of international funding 
bodies such as the World Bank and the UN:
 

“What worries me is that they [international funding 
organisations] will come and push this agenda, and since it 

[conservation activities/the Blue Economy] is still supply driven, 
the people in the Ministry of Finance or the Blue Economy 
Department will just take it. And it shouldn’t be that way.” 

11th WIOMSA Scientific Symposium 307



Conclusion 

Seychelles has taken the Blue Economy as an opportunity 
to position itself as influential on the international stage. 
In doing so it is shaping and redefining what the natural 
capital view on the Blue Economy means for Seychelles 
and beyond. Here, we have demonstrated a high level 
of support for the Blue Economy in Seychelles, both in 
principle and in practice. However, evident is a desire 
to shape it further, and for Seychelles to seize the 
opportunity to take control over both the process and 
the outcome. The implementation of the Blue Economy is 
experiencing resistance from within, and from powerful 
actors; and Seychelles is putting its own mark on the 
Blue Economy by taking a perspective that is distinct 
from the international discourse. Future research can 
acknowledge the agency of SIDS and other countries that 
have adopted the Blue Economy by paying attention to 
the possible different interpretations of and perspectives 
on the concept, and to the role of power and influence 
in the adoption of these ideas.

ORAL – Wednesday, LT2, 1640
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Mangrove forests are major carbon sinks, storing three 
to four times higher than their counterparts in terrestrial 
areas. Most of the carbon captured by mangroves 
is stored in the soil. The stored carbon risks being 
released back into the atmosphere when mangroves are 
degraded; leading to global warming. This raises the need 
for mangrove carbon to be quantified and included in 
national accounting for greenhouse gases (GHG) under 
the Paris Agreement of UNFCCC. In Kenya, mangroves 
face a myriad of human and natural induced stresses 
ranging from over-exploitation of resources, conversion 
pressure, and sea level rise. The degradation raises 
need for information on amount of carbon stored by 
these important ecosystems to guide in rehabilitation, 
conservation and sustainable utilization of mangrove 
resources. This study was carried out to determine 
mangrove soil carbon pools in three mangrove forest 
blocks in Lamu, Kenya, viz: Northern Swamps, Northern 
central Swamps and Southern Swamps. Stratified sampling 

technique was used in each block to establish transects 
perpendicular to the shoreline. 20 x 20m temporary 
sampling plots were laid along the sea-land transect. 
Soil cores were extracted at the center of each of the 
sampling plots and subdivided into four depth intervals; 
0- 15; 15-30; 30-50; and 50-100cm. Sub-samples, 5cm in 
length, were collected at the approximate mid-point of 
each depth interval for analysis. To estimate soil carbon, 
two parameters were determined: bulk density and 
organic carbon concentration. Carbon concentration was 
determined using loss on ignition (LOI).There was strong 
significance in difference between the means of sediment 
carbon content across the three mangrove forest blocks 
(p = 0.000). The Northern Swamps had the lowest mean, 
306.84±147.54 Mg C ha-1 , while the southern swamps 
block had the highest mean, 529.86±100.01 Mg C ha-1 
. The Northern central swamps had an average mean 
of 390.58±165.90 Mg C ha-1 .These findings provide a 
baseline for management and conservation efforts of 
mangrove forests in Lamu. They can also help influence 
policy for incorporation of mangrove forests in Kenya’s 
periodic Nationally Determined contributions, (NDCs). 

Keywords: Carbon Sinks, Soil Carbon Pools, 
Degradation, Global Warming, Nationally Determined 
Contributions.
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Background

Experts at the inaugural African Marine Waste 
Conference identified education as one of the highest 
priorities if Africa is to meet its challenges of plastic 
waste. The African Marine Waste Network (a project of 
Sustainable Seas Trust; SST) has set the target of Zero 
Plastics to the Seas of Africa. To achieve this the focus is 
on education, capacity building and facilitation of skills 
transfer in secondary and tertiary education institutions, 
in research organisations, in governments, as well as 
industries of Africa. The challenge is to facilitate resource 
transfer and interactive learning on a continental scale, 
in a manner that also caters for differences in language, 
culture and socio-economic circumstances. The 
emerging African Waste Academy (AWA) is striving to 
draw the knowledge and skills of Africa together and to 
add to these the skills that people have attained on other 
continents. 
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Methods

A technology solution is e-learning which has the exciting 
ability to provide a variety of educating and learning 
processes and facilities online. Rather than a separation 
of the learner from the educator and a high degree of 
independent study in traditional online distance learning, 
e-learning provides a platform to bring the learner and 
educator together despite their physical separation. 
This is achieved through shared, interactive education 
content, teacher/learner interaction via tools such as 
webinar, multi-media presentations, courses and so on, 
all available on an online platform. E-learning increases 
learning quality and efficiency by allowing easy access 
to education facilities and services online. The primary 
roles of the AWA are to provide easily accessible education 
resources accommodating the needs and requirements of 
multiple sectors; targeting educators, learners, researchers, 
business people, industry experts and provincial and national 
government across Africa. It is envisaged that an e-learning 
programme be provided by the AWA, providing waste and 
sustainable waste management education resources and 
materials, and providing internationally recognised courses 
to enrolees from Africa and other continents. International 
accreditation for such courses will be developed and all 
AWA programmes and resources will be adapted to 
different languages and cultures. In addition, the AWA will 
be a coordinating body to manage student and expert 
exchanges between Africa and the other continents to 
promote skills transfer, to coordinate scholarships and 
internships and to organize a series of top-class expert 
lectures and informative films to be beamed to Africa, 
through webinar facilities, each year.

Results

The AWA hosted its first webinar series in February 
2019, inviting experts from South Africa, Ghana and 
France to share their research via the webinar platform 
GetResponse. The webinars were successful in providing 
knowledge and skills transfer to attendees who tuned 
into the webinar series from eight different countries 
from around the world. The attendees provided valuable 
input and interaction with the speakers and networking 
and collaboration opportunities were provided to both 
the presenters and attendees through the webinars. The 
Young Leaders and Expert Exchange programme was 
launched in January 2019, where the African Marine 
Waste Network (AMWN) acted as a host to three 
exchange participants: an Association of Commonwealth 
Universities Blue Charter Fellow, PhD candidate Steve 
Allen from the University of Strathclyde; Dr Deonie Allen 
from the University of Strathclyde and Shannah Leenheer 
from the Radboud University. The AWA assisted the 
exchange participants in meeting their research goals and 
requirements. The exchange participants contributed to 
capacity building, knowledge and skills transfer within the 
AMWN team and partnering institutions. 

Conclusion

Initial results suggest a bright future for the AWA which 
will provide multiple learning and networking platforms 
for educators, researchers, industry and government 
across Africa. The ideal outcome for the AWA is a well 
informed and skilled African society working together 
towards Zero Plastic into the Seas of Africa. 
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The Western Indian Ocean, as other ocean regions, is 
scarcely surveyed and mapped. Nevertheless, bathymetric 
data is widely used amongst a variety of maritime 
sectors where understanding of the bathymetry and 
morphology of the seafloor is very important. Seabed 
2030 is a collaborative project between the Nippon 
Foundation and the General Bathymetric Chart of the 
Ocean (GEBCO) to inspire the complete mapping of 
the world’s ocean by 2030.  Creating a comprehensive 
map of seafloor bathymetry is a global challenge that can 
only be achieved through collaboration and partnership 
at local, regional, national and international scales. We 
will present a case study of the status of openly available 
bathymetry products in the Indian Ocean Region and 
describe how these products support environmental 
stewardship, sustainable resource management, spatial 
planning. We will also show new ways for assessing how 
much of the WIO has been mapped and discuss the 
challenges and opportunities presented by the Seabed 
2030 Project. 
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Background 

Guitarfishes include some of the most threatened species 
of elasmobranchs. Their high value meat and fins and their 
preference for shallow coastal waters expose them to 
intense fishing pressure. This, along with their low resilience 
and often small distribution, has led to global population 
declines and localised extinctions. Over 70% of species 
are either in threatened categories or Data Deficient 
(DD) of the IUCN Red List of Threatened Species. While 
guitarfishes have many characteristics in common with 
sawfishes and may undergo the same decline, they are often 
overlooked and remain poorly known. The grayspotted 
guitarfish, Acroteriobatus leucospilus, is restricted to the 
southwestern Indian Ocean between Mozambique, 
Madagascar and South Africa and it is classified as DD. 
Fisheries surveys have shown that this species is caught at 
several sites along the coast of Madagascar. In particular, it 
is commonly observed in the artisanal fishery of the Bay 
of Ranobe, in southwest Madagascar. However, the lack 
of quantitative data does not allow to evaluate the health 
of its population and makes this species vulnerable to 
overexploitation. Here we present a multiyear assessment 
of the small-scale fishery of A. leucospilus in the Bay of 
Ranobe to: 1) provide baseline information for this area; 
and 2) propose strategies for the conservation and 
management of the species. 

Methods 

Trained observers recorded catches from 5 villages 
within the Bay of Ranobe from January 2015 to August 
2018. Catches for July 2014, the only data available for 
that year, where also included in this study. Observers 
collected data for 3 to 5 days per month at each site, 
surveying up to 30 pirogues per sampling day. The total 
catch, species composition, weight, standard length (SL), 
gears used, site, duration of trip and the number of 
fishers who participated in the fishing were recorded for 
each sample. For the purposes of this study, only records 
of A. leucospilus were used. Annual and monthly weighted 
mean catch per unit effort (CPUE) was calculated, as the 
number of individuals caught per 100 pirogues surveyed 
per day, by gear type for each village. Conservative 
estimates of total catch per fishing gear within each village 
were then created by multiplying the weighted mean 

CPUE by the total effort, calculated considering that 
two-thirds of the pirogues in each village go fishing every 
day. One-way ANOVA was used to test for differences 
in SL among years and gear types. Pairwise comparisons 
were calculated using Tukey HSD test to examine where 
differences lay. A length–weight relationship (LWR) was 
estimated for males and females combined as sex was 
not recorded. 

Results 

A total of 226 individuals were recorded in this study, 62% 
were caught in Ambolimailaka and 27% of the total were 
below the maturity size, including 8 newborns.  An estimated 
mean of 5,599 individuals per year were caught during the 
study period. Mean annual CPUE peaked in 2016 (3.04 
ind./100 pirogues/day) followed by a sharp decline in 2017 
and a partial recovery in 2018. Mean monthly CPUE was 
greater between July and October, with the highest value 
in September (7.36 ind./100 pirogues/day) mainly driven 
by catches in Ambolimailaka. A surprisingly high number 
of catches (n = 52) was observed in September 2016 in 
this village, with 51 of them made by spearfishermen (150 
ind./100 pirogues/day). Speargun had the highest catch rate 
among gears, more than 6 times greater than any other 
gear type. The mean CPUE of each village reflects the main 
fishing techniques used. Fish size was smaller in 2017 (SL 
= 52.29±3.85cm, mean±SE) than in the other years (mean 
SL = 62.10 - 65.98cm). Largest catches were made using 
speargun (SL = 72.13±1.07cm, mean±SE), while the other 
types of gear caught fish of similar size, just below the 
maturity size. Acroteriobatus leucospilus exhibits negative 
allometric growth (b = 2.47 - 2.75). 

Conclusion 

Acroteriobatus leucospilus appears to be abundant in the 
Bay of Ranobe, however, catches are decreasing despite 
the increasing fishing effort. This species is mostly caught 
by spearfishermen in Ambolimailaka. Instead, fishermen 
who use nets, harpoons or hook and line catch less fish 
and of smaller size. There is a general increase in the use of 
nets, conversely harpoons and spearguns are decreasing, 
except in Ambolimailaka where spearguns continue to 
be widely used. This may slightly reduce the number of 
catches, but it may also decrease their mean size. The 
period in which the CPUE was greater, between July and 
October, was also the one in which 7 of the 8 newborns 
have been caught. This may suggest that A. leucospilus gives 
birth during winter months. Sex ratio of catches, which 
could not be assessed in this study, could improve our 
understanding of the reproduction of this species. An 
improvement in the management of A. leucospilus could 
be achieved with a temporary closure or by imposing a 
minimum catch size, after having discussed with the local 
association of fishermen and village councils.
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Handlines are some of the most used gears in the Kenya 
coastal marine fisheries. However, information on hook 
selectivity for handline fishery is lacking. There was 
need to assess hook selectivity for handline fishery for 
sustainable exploitation of the fishery. This study aimed at 
assessing hook selectivity for handline fishery at Shimoni, 
south coast Kenya. Specifically to identify which fish 
species are captured by handline fishers at Shimoni, to 
determine the size frequency distribution of the species 
captured by selected hook sizes including seasonal and 
spatial variation and to evaluate the impact of handline 
hooks on fish stocks. This study was conducted from 
Mpunguti, Waga, Nyuli and Wasini sites using hook 
sizes No. 16, 15, 10, 9 and 8. Selectivity was determined 
using Holt’s 1963 model as explained by Pauly, 1984. 
A total of 966 fish of 65 species and 23 families were 
caught. Lethrinus borbonicus, Lethrinus lentjan, Lethrinus 
rubrioperculatus, Lutjanus fulviflamma and Aprion virescence 
were the dominant species. The number of fish captured 
increased with decrease in hook size, but the large sized 
hook gave the highest CPUE. The diversity of species 
caught was high during NEM and for hook size No. 15. 
The size of fish caught by hook sizes No. 9 and 10 were 
significantly different from that of fish caught by hook 
sizes No. 15 and 16 (p <0.05). There was high similarity 
in fish species caught by hook sizes No. 16 and 15 while 
fish species caught by hook size No. 8 were similar with 
those caught by hook size No. 9. There was an overlap 
in the selectivity of the different hook sizes on the 
dominant species making it difficult for decision making 
since the fishery is of multispecies. However, hook size 
No. 8 was recommended for handline fishery as they 
gave high CPUE and had narrow selection ranges. Future 
studies to consider hook-lose, duration of fishing and the 
effect of bait type and size. 
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Aquaculture is an important venture globally. This is 
because it contributes to food security, increases protein 
sources, creates employment and even more importantly 
supplements the capture fisheries that are dwindling. 
Aquaculture production is positively correlated with 
use of quality seeds and feeds therefore studies are 
continuously being done to improve seed and feed. As for 
fish feeds, alternative ingredient with attractive qualities 
including locally and cheaply available, high quality and 
quantity protein, able to totally or partially replace fish 
oil and meal are tested for commercially important 
fish species. This will eventually result to feeds of good 
quality at affordable prices hence reduction of production 
cost in aquaculture venture. The study was conducted 
to evaluate the potential of selected seaweeds in Nile 
tilapia Oreochromis niloticus fingerlings diets. Two species 
of seaweeds, Hypnea cornuta, and Hypnea muscifomis were 
sampled from the Kenyan coast (Mtwapa and Mkomani) in 
the months of October, November and December. Their 
chemical composition including crude protein, crude lipid, 
ash, moisture content, carbohydrate and energy levels 
were determined. Both seaweed species had crude protein 
content of above 20%. Five diets with crude protein of 35% 
were formulated, one containing no seaweed inclusion 
(control) and the other four having seaweed included 
at 20% H. cornuta, 30% H. cornuta, 20% H. musciformis 
and 30% H. muscifomis to partially replace the protein 
ingredient (fresh water shrimp). These diets were fed to 
450 Nile tilapia (Oreochromis niloticus) fingerlings stock in 
(80x35x40cm) volume glass aquaria, for a period of 60 
days. The results showed that the final body weight, weight 
gained and specific growth rate of fish in most treatments 
increased significantly (p <0.05). Diets containing H. cornuta 
performed better than the diets contain H. musciformis 
and 20% protein replacement performed better than 30%. 
Control and 20% H. cornuta diet performed better than 
the other formulations (30% H. cornuta, 20% and 30% H. 
muscifomis). This generally concluded that diets containing 
low seaweed inclusions, especially for H. cornuta, can be 
used in Nile tilapia juvenile diets and has no significant 
effect on fish growth performance.

11th WIOMSA Scientific Symposium 311



POSTER
Relationship between sub-surface temperature 
in the South West Indian Ocean and southern 
African rainfall 

MAWREN D1 AND REASON C.J.C2 

Department of Oceanography, University of Cape Town, 
Cape Town, South Africa 

Relationship between an index of southern African 
summer rainfall (SARI) and upper ocean heat content in 
the South Indian Ocean at zero lag (January-February) 
was analyzed. A region just east of Madagascar termed 
as Box A showed the strongest positive correlation with 
SARI at zero lag. Another strong but negative correlation 
with SARI at zero season lag is found in the core of the 
Seychelles Chagos Thermocline Ridge region, termed 
as Box B. Higher correlation coefficients are observed 
between SARI and subsurface temperatures in Boxes A 
(r = 0.32) and B (r = -0.34) compared to SARI with large 
scale modes like El Nino (r = -0.26), PDO (r = -0.12) and 
IPO(r = - 0.11), all statistically significant at 95%. These 
results suggest that changes in the subsurface temperature 
over box A and box B can be useful to monitor and 
potentially predict regional precipitation. Composite 
analysis (neutral with respect to ENSO) indicates 
that when positive (negative) subsurface temperature 
anomaly is enhanced (reduced) east of Madagascar 
between January and February, positive (negative) rainfall 
anomalies prevail over large parts of Mozambique and 
northern South Africa particularly over Limpopo basin. 
Wet years over Limpopo basin (22-24S, 26-33E) seem to 
be associated with enhanced westerly moisture transport 
from the Angola low or from the southeast Atlantic 
increasing the rate of low-level moisture convergence in 
the southeastern African interior. This implies favourable 
conditions for the development of cloud bands, tracking 
from western southern Africa towards the east bringing 
most of southeastern Africa’s summer rainfall. On the 
contrary, composite rainfall for dry years that are neutral 
to ENSO indicate that at lower-level, although a strong 
anomalous low prevails over the entire southern African 
mainland, conditions favouring cloud band development 
are expected to occur. However, at higher-level, an even 
stronger anomalous low over southern Africa including 
Limpopo basin indicates upper-level convergence. In such 
cases, low-level convergence will not necessarily cause a 
deep layer of rising air in the atmosphere if convergence 
exists aloft. Therefore, such conditions suppress cloud 
band development and precipitation which explain 
negative rainfall anomalies over Limpopo basin. The 
study also looks at the frequency and intensity of tropical 
cyclones crossing the South West Indian Ocean during 
wet and dry (neutral with respect to ENSO) years. 
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Background 

The Dwesa-Cwebe marine protected area (MPA) is 
located along the remote Wild Coast, a key area for 
subsistence fishing in South Africa. The area is home to 
rural communities whose livelihoods had traditionally 
depended on harvesting marine resources, primarily 
intertidal and sub-tidal invertebrates and line-fish. As a 
result of ongoing community-conservation conflict and 
increasing pressure for access to marine resources, this 
historic no-take MPA was re-zoned in December 2015 
to allow subsistence marine resource use in the form 
of intertidal harvesting and fishing. This study examines 
changes in population densities of harvested species and 
shifts in rocky shore community structure at two sites in 
the Dwesa-Cwebe MPA, which have occurred over four 
years of controlled resource harvesting (2015 - 2018). 

Methods 

Using drills, three shore-perpendicular transects spanning 
the entire intertidal zone were marked with stainless steel 
bolts prior to the re-zonation in 2015, and a biodiversity 
baseline survey was conducted at that time. Thereafter, 
the sites were resurveyed annually (2016-2018). During 
surveys, densities and sizes of key harvested species 
were monitored, and community structure scored from 
photographs along the fixed transects. A 2-way factorial 
PERMANOVA was performed, and SIMPER analysis 
conducted to explain which species were responsible for 
shifts in community structure between years. 
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Results 

Results show that, since the Dwesa-Cwebe MPA re-
zonation in 2015, densities of key harvested species 
have declined. Community structure has shifted towards 
lower abundances of sessile invertebrates (barnacles and 
mussels) and higher cover of upright coralline algae, which 
are typical signs of the impacts of harvesting of mussels 
and grazers. While remarkably consistent, these changes 
cannot exclusively be attributed to the effect of harvesting, 
since annual variation, fluctuations in recruitment and 
environmental parameters may also play a role. 

Conclusions 

Further monitoring is critical, and comparisons with 
control sites outside the MPA are required to validate 
these trends. This study thus contributed towards 
sustainable resource use, which is critical for ensuring 
long-term socio-economic benefits of MPAs to coastal 
communities. 
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The whale watching industry has grown rapidly worldwide 
over the last decade. Reunion Island (South west Indian 
Ocean) is no exception to the rule, its coasts attract 
a growing number of humpback whales Megaptera 
novaeangliae during the austral winter breeding season, few 
nautical miles away from seaside resorts. Therefore, whale 
watching (WW) and swim-with whales (SW) activities are 
developing tremendously. This recent and growing industry 
has raised concerns about the behavioral responses of 
breeding humpback whales to WW and SW disturbances 
and challenges the sustainability of these activities. 
A responsible observation of cetaceans was recently 
encouraged through a charter code-of-conduct under the 
initiative of many stakeholders including WW operators, 
governmental and non-governmental organizations, as well 
as through a respectful label dedicated for commercial 
whale-watching in Reunion Island. In early 2017, a team 

at sea “Quietude” was committed to observe, monitor 
and sensitize both commercial and recreational whale 
watchers at sea to ensure compliance with the Charter’s 
guidelines. In this context, we assessed WW and SW 
activities in Reunion Island during two humpback whale 
breeding seasons between June and October 2017 and 
2018. We recorded behavioral data of humpback whales 
using focal follow sampling in the presence and absence of 
vessels and in situations of compliance or non-compliance 
with the charter. This study aimed at understanding the 
behavioral reactions of humpback whales to vessels 
and swimmers interactions by calculating transition 
probabilities of passing from one behavior to another 
using Markov chain model. We further investigated the 
circumstances leading to avoidance, neutral or approach 
responses of humpback whales to WW and SW activities. 
A total of 411 hours over 103 days was spent collecting 
data, 105 hours of which occurred with humpback whales 
behavioral recording. From the 716 sightings, groups were 
mostly composed of mother/calf pairs spending most of 
their time resting and nursing near or at the surface. Vessels 
were present in 85% of our sightings corresponding to a 
total of 1978 vessels recorded during 2017-2018 breeding 
seasons. Recreative WW vessels accounting for 68.4% of 
vessels and SW activities were frequently observed (i.e., 
42% of sightings). General compliance to the charter was 
high as 71.2% of our observations were in line with the 
charter’s recommendations. However, poor compliance 
exists (i.e., <38%) on the specific recommendations on 
SW activities. Swimmers were reported on active groups 
of whales and some agonistic behaviors towards them 
were revealed, leading to challenging safety issues for 
this activity. Resting along with nursing, surface active and 
travelling behaviors of humpback whales were disrupted 
by interactions with vessels and SW to a level that raises 
concern. In particular, groups composed with mother and 
calf were significantly less likely to rest and nurse with 
the presence of vessels and swimmers. Humpback whales 
tend to vertically and horizontally avoid WW vessels and 
SW encounters, especially when the behavior of vessels 
and SW encounters is intrusive or not compliant with 
charter’s guidelines. Repeated disturbances to cetaceans 
can have a significant effect on energy expenditure, in 
particular for mothers and calves. Indeed, during the 
reproductive season lactating humpback whales keep 
their energy expenditure low by devoting a significant 
amount of time to rest. If disturbed during these critical 
times, the frequency of calf suckling events can be reduced 
and therefore their energy acquisition. It is important 
to quantify these effects which may have an impact 
on a successful migration and survival of calves. Our 
results advocate for reinforcing tourism education, WW 
management and regulations with an emphasis on SW 
activities. This could be efficiently achieved by engaging 
all stakeholders with the existing charter, the label and 
the permanent team on the field “Quietude” to enhance 
dissemination of best practice and sensitize on sustainable 
values of implemented regulations.
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Shrimps (Penaeid spp.) are economically important 
resources in the world with observed increasing 
demand in both domestic and export markets. However, 
shrimps are perishable products and their shelf life and 
wholesomeness during handling and storage are greatly 
influenced by both enzymatic and microbiological 
changes. Initial handling activities such as delayed 
icing, temperature variation during handling, mode of 
packaging and rough handling have been reported to 
be the major contributing factors to quality loss of the 
shrimps. In Kenya, shrimp fishing takes place in Malindi- 
Ungwana bay where both commercial and artisanal 
fishing actively takes place. However, artisanal fishing is 
mainly practiced in the nearshore and in salt ponds along 
the Bay. So far there is inadequate handling and storage 
equipment at disposal for use by artisanal shrimp fishers 
in this area. Shrimps are ferried with little or no icing to 
nearby centres for storage in iced insulated containers 
with no consideration of its effect on quality of the 
product. This potentially compromises the quality of 
shrimp both at catch and during storage. This study was 
therefore conducted to determine the effect of delayed 
icing on quality of Panaeid shrimps both at catch and 
during storage using ambient and vacuum packaging in 
Kurawa North coast Kenya. Sample collection involved 
six artisanal fishers using seine fishing nets. Samples 
collected were partly subjected to immediate icing after 
catch (control), others were iced at landing time (0-hr) 
while the rest were sub-sampled and iced at an interval 
of 2 hours (2-hr), 4 hours (4-hr) and 6 hours (6-hr) 
delayed icing after landing. Sub samples were stored in 
ice in laboratory for a period of 12 days under ambient 
(atmosphere) air and vacuum packaging conditions. 
Biochemical quality parameters (TVB-N, TMA-N, PV, 
p-AV) were used to monitor quality changes during 
storage period. TVB-N, TMA-N, PV and p-AV quality 
parameters for both samples stored under ambient air 
and vacuum packaging conditions increased significantly 
(p <0.05) throughout the storage period. Within 12 days 
of storage under ambient air packaging TVB-N values for 

samples iced at point of catch (control) rose from 1.84 mg 
N/100g to 4.66 mg N/100g for day 0 and 12 respectively. 
The highest TVB-N values observed were from samples 
iced 6 hours (6-hr) after landing being 16.04 mg N/100g 
and 24.41mg N/100g for Day 0 and day 12 respectively. 
On the other hand, , samples iced at catch and stored 
under vacuum packaging gave TVB-N values of between 
1.84 mg N/100g and 3.46 mg N/100g for control and 
6-hr delayed icing respectively. For TMA-N, 12 days 
storage period under ambient air packaging gave values 
of 2.30 mg N/100g and 4.66 mg N/100g being control 
and day 12 respectively. The highest values for TMA-N 
of 10.11 mg N/100g were observed on samples with the 
highest delayed icing period (6-hr) stored under ambient 
air packaging condition. PV control day 0 was lowest in 
value and the highest PV was the 6-hr day12 with values 
being 4.02 meqO2/kg and 30.26 meqO2/kg respectively. 
Similar observation was seen on p-AV where the lowest 
values were 4.32 meqO2/kg for control day 0 and 134.25 
meqO2/kg for 6-hr day 12 samples. Generally, control 
samples exhibited better shelf life than 0-hr samples, 
followed by 2, 4 and 6-hr samples. Lower values of 
TVB-N, TMA-N, PV and p-AV were observed in vacuum 
packaged samples compared to ambient (atmosphere) air 
packaged ones. Better performance was observed with 
vacuum packaging compared to ambient air packaging. 
Samples iced immediately after catch (control), followed 
by 0 and 2 hours had better shelf life than those iced at 4 
and 6 hours after landing. It was concluded that delayed 
icing of shrimp during the initial handling compromises 
the quality and limits the shelf life period of shrimps 
significantly during storage. 

Keywords: Shrimps, artisanal, packaging, quality, storage, 
Kurawa
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Background information

The integrity of the mangrove ecosystem is important 
in supporting the ecosystem and biodiversity functions 
hence the value for their conservation. Mitigating global 
climate change is a field of scientific interest with a 
focus on how ecosystems could provide opportunities 
for absorbing much of the greenhouse gases (GHGs) 
released at present. Despite their small extent, vegetated 
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marine ecosystems are now appreciated to sequester 
significant proportion of the (GHGs). Mangrove forests 
constitute one of the important blue carbon ecosystems 
and store large quantities of carbon both in their 
above and below-ground components as well as in the 
sediment. However, this carbon risks being released 
back into the atmosphere when these ecosystems are 
degraded or their land is converted for other uses. Due 
to their high carbon density coupled with a high rate of 
deforestation; there is an increased interest in including 
mangroves as part of climate change mitigation strategies 
that would reduce the anthropogenic emission of GHGs. 
Discussions on incorporating blue carbon ecosystems in 
the GHGs reduction strategies are ongoing at regular 
international fora for countries that are signatories 
to the Kyoto protocol. Kenya, as well as many coastal 
tropical countries, does not include mangrove carbon in 
its Nationally Determined Contributions (NDCs). Using 
the growing knowledge of various policy applications 
from project findings for blue carbon activities, parties 
now have an opportunity to include such actions into 
their revised, and more ambitious, future NDCs. This 
study aimed at quantifying vegetation carbon stocks of 
the mangrove forests of Lamu County and its variability 
across different management blocks. It assessed the forest 
structure, natural regeneration status and estimated the 
total vegetation carbon of the mangroves. 

Methodology 

Using satellite imagery, the project area boundary was 
defined to cover the Lamu area and restricted to the 
mangrove ecosystem only. Stratified random sampling was 
employed and transects selected running perpendicularly 
from the shoreline. Along each transect, random 
temporal sampling plots (TSPs) of 400m2 were made 
and assessed for forest structure, natural regeneration, 
and vegetation carbon stocks following the adoption 
and localization of the internationally approved protocol 
for blue carbon ecosystems. This was supplemented 
by IPCC’s (2013) national guidelines for greenhouse 
gases accounting specific for coastal wetlands. A total 
of 122 plots were sampled in the Northern, Northern 
Central, and Southern swamps forests. Carbon stocks 
were assessed in major vegetation carbon pools; Live 
aboveground biomass carbon, standing dead biomass 
carbon and belowground biomass carbon, assuming 39% 
and 50% biomass conversion where appropriate. General 
allometric equations established by Komiyama et al. 
(2005, 2008) were applied to determine both above and 
below-ground (roots) biomasses from which respective 
carbon pools were calculated. 

Results 

Five mangrove species were encountered in the three 
blocks; A.marina, B.gymnorhiza, C.tagal, R.mucronata, 
and S.alba. Northern, Northern central and Southern 
swamps had 1,702, 2,535 and 3,208 stems ha-1. The 

standing volume was 200.86, 163.24 and 129.51 m3 ha-1 
in Northern, Northern central and Southern swamps 
respectively. Rhizophora mucronata had the highest 
importance value in all blocks; 197.1, 157.6 and 182.42 
in Northern, Northern central and Southern swamps 
respectively. Regeneration potential was 7,359, 5,636 
and 8,086 saplings ha-1 in Northern, Northern central 
and Southern swamps respectively. Northern swamps 
recorded the highest vegetation carbon (157.9 MgCha-1) 
while Northern central swamps and Southern swamps 
registered 128.79 and 128.2 MgCha-1 respectively. The 
mean average of the biomass carbon was 138.3±16.98 
MgCha-1. Extrapolation of these values for the entire 
Lamu mangrove forests area translates to a mean of 
243.54±29.9 MgCha-1. This amount of biomass carbon 
gives 892.98 tCO2e sequestered per hectare. 

Conclusion 

The overall high regeneration in Lamu mangrove forests 
indicates that the mangrove forests are undergoing 
normal recruitment and/or recovering from previous 
anthropogenic disturbances. The estimated carbon 
stocks begin to fill a huge gap of knowledge regarding this 
country’s contribution to global warming, particularly 
considering that Lamu County has the largest area 
coverage of mangroves in Kenya. Findings of this study 
will greatly contribute to the conservation of biological 
diversity (BD) Aichi target 15 that focuses on carbon 
stock enhancement, biodiversity conservation, and 
ecosystem resilience. In the context of climate change, 
results of this study will form the baseline data for 
inclusion of mangroves to Kenyan NDC which will enable 
the country to conserve mangroves as major carbon 
sinks contributing directly to Sustainable Development 
Goal (SDG) 13 (climate action).  The improved mangrove 
management will, in turn, enhance marine productivity 
in the country, further contributing to SDG 14 (life 
underwater). 

Keywords: Mangroves, Vegetation carbon, Blue carbon, 
Climate change, NDCs, Lamu, Kenya 
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Background

South Africa’s (SA) exceptional marine biodiversity 
provides a wide range of benefits to the economy, 
society and human wellbeing through the provision of 
food, coastal livelihoods, rural development, business and 
employment opportunities. Marine species play a key role 
in SA’s growing marine tourism industry and support 22 
commercial fisheries. In light of SA’s focus on building its 
blue economy, the health of marine species play a critical 
role in realizing and maintaining long-term socio-economic 
benefits. Here we assess the state of knowledge on the 
threatened status of marine species in SA. 

Methods

The current state of marine species in SA was evaluated 
using a subset of 376 marine species including birds, 
mammals, reptiles, sparids, bony and cartilaginous fish of 
economic importance and corals using national, regional 
and global IUCN species red list assessments. The 
IUCN Red List Categories and Criteria is an objective 
system that can be consistently applied across a range 
of taxonomic groups. The quantitative criteria are based 
on scientific studies of populations of a range of different 
species and the biological conditions under which they 
are highly likely to go extinct. The quantitative nature of 
the system demands that assessments are justified by 
supporting data. No modifications were made to the 
IUCN Categories and Criteria. Global assessments were 
conducted for endemics while for nonendemics the 
IUCN Regional Red List Criteria were applied in order 
to produce national level assessments. 

Results

A total of 376 marine species were assessed and of these 
18.6% are threatened. Fishing remains the greatest driver 
of extinction risk across all marine species assessed. 
Freshwater flow reduction and pollution are driving the 
threatened status of a number of estuarine dependent 
and coastal fish species. Emerging pressures such as plastic 
pollution and underwater noise are increasingly impacting 
reptiles, birds and mammals. Habitat shifts and shifts in 
prey abundance due to climate change are increasing 
the extinction risk for seabirds and mammals. Almost 
40% of South Africa’s seabirds and 16% of mammals are 
threatened. More than a third (33.3%) of SA’s endemic 
sparids are threatened, many of which are sought after in 
SA’s R 1.6 billion (average revenue per annum) recreational 
fishery. Four of the 5 turtle species that have been 
assessed were threatened as a result of pressures at the 
global scale. Almost 20% of 121 commercially important 
bony fish were assessed as threatened while 34% are 
data deficient.  More than 7% of 26 cartilaginous fish 
were assessed as threatened while 50% are data deficient. 
The high data deficiency for bony and cartilaginous fish 
is due to knowledge gaps in life history, lack of long-term 
fisheries catch and effort data, impaired data integrity and 
challenges in data management. Although some South 
African marine invertebrate species have been assessed in 
global or regional assessments, these are outdated.  To date, 

no national IUCN assessments have been conducted for 
marine invertebrate species primarily due to inadequate 
taxonomic knowledge, limited distribution data, a lack of 
systematic surveys and limited capacity to advance species 
red listing. New datasets through increasing foundational 
biodiversity research and citizen science species atlas 
efforts are underway but this work requires further 
investment to consolidate, address key gaps and analyse. 

Conclusions

Coordinated national, regional and global scale efforts 
to address knowledge gaps and build red listing capacity 
are needed to advance marine species red listing in the 
region. Assessment of marine invertebrates is a key gap 
and regional effort is needed to strategically identify 
priority groups for assessments. Increased investment 
in the comprehensive assessment of species groups and 
maintaining temporal monitoring data can aid in tracking 
trends in threatened status of marine species and inform 
management actions to secure benefits. 

POSTER
National Coastal Assessment in South Africa – 
Assessment for the bigger picture 

MELANIE LÜCK-VOGEL, RYAN PETER, ANDRE 
THERON, JESSICA EICHHOFF, JOHN APRIL

Coastal Systems Research Group, CSIR Stellenbosch, 
RSA 

DEA Oceans & Coasts, Cape Town, RSA 

Stellenbosch University, Stellenbosch, RSA 

Coastal Systems Research Group, CSIR Stellenbosch, 
RSA 

Email: mluckvogel@csir.co.za

The coastal zone is where the ocean, the land and the 
atmosphere meet. It is a highly dynamic space, creating 
diverse habitats for a high variety of natural biota and 
shaped by waves, currents and wind. The coast has also 
been a focus area for human activity and infrastructure 
development, given the wide range of economic and 
recreational activities it provides. Management of the 
coastal zone frequently happens in disconnection 
between different land use aspects, potentially leading 
to conflict between different management goals, e.g. 
conservation and industrial development. The South 
African Department of Environmental Affairs (DEA) 
has therefore promulgated the Integrated Coastal 
Management Act (ICMA, add ActNo), in order to 
facilitate between the various conservation, economic 
and other coastal land use aspects. Part of the practical 
implementation was the development of the National 
Coastal Management Programme (add year), which 
assessed, amongst other aspects, the current data and 
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information gaps currently preventing the successful 
execution of the ICMA. One identified challenge 
was the current lack of a consistent and integrated 
assessment of various coastal aspects, relating to the 
natural environment and socio-economic data. As a 
result, DEA tasked the CSIR (in collaboration with 
Stellenbosch University and Nelson Mandela University) 
with the conduction of a National Coastal Assessment. 
This 3 years project which started in 2017 explicitly 
examines and evaluates physical, chemical, biological 
and socio-economic aspects of the coast. The physical 
component develops vulnerability indices for flood and 
erosion risk and the combined coastal vulnerability. 
The chemical component aims on identifying hotspots 
of coastal pollution in terms of oils spills, storm water 
and marine discharge (marine outfalls). The biological 
component does identify hotspots of biological sensitivity, 
conservation and threat status and general habitat maps. 
The socio-economic component will identify hotspots 
of human economic activity, such as ports and tourism/
recreation, but also will assess the coastal populations 
in terms of their dependence on coastal resources 
and vulnerability. Based on these domain-specific 
assessments, finally a cross-domain pressure assessment 
will be conducted to identify – most importantly – the 
cross-domain conflicts and constraints, which frequently 
remain unknown in the typical domain-specific coastal 
management field. The NCA is conducted in a desktop 
approach, i.e. using existing geospatial data as input. 
The methodology is based on Geospatial Information 
Systems, and a multi-criteria analysis being the main 
analytic tool. In this presentation we will present the first 
results of the physical, chemical, biological and socio-
economic hotspot assessments and also highlight some 
of the cross-domain issues that were identified in the 
process. Recommendations on how to solve pressing 
conflicts will also be presented. 

ORAL - Tuesday, G1, 1200
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Background 

“Fish abundance and diversity” has been identified as 
one of the ten biological Essential Biodiversity Variables 
(EBVs) being coordinated by GEO BON (http://geobon.
org/essentialbiodiversity-variables), recognizing their 
importance in trophic pathways in all marine systems. 
There is increasing global interest and an urgent need 
for meaningful variables for monitoring the state of coral 
reefs and predicting their trajectories into the future. 
These variables or indicators need to work globally and as 
aggregates that can be applied across multiple monitoring 
programmes. Coral reef ecosystems represent a challenging 
environment for developing EBVs because of their enormous 
inherent variation. In particular, although hard coral cover is 
well known and accepted as a key indicator for coral reef 
health, defining practical and measurable indicators for 
reef fish assemblages remains difficult. This is partly due 
to the mobility of fish and their high variation in density 
and diversity in response to different reef environments. 
Further, one of the primary drivers of reef fish populations 
is fishing pressure yet there is no consistent method for 
estimating fishing pressure. This paper presents progress in 
developing aggregate reef fish indicators as a contribution 
to developing EBVs for coral reefs. 

Methods 

The study was conducted on coral reefs in Comoros, 
Madagascar, Mozambique, Tanzania and Chagos where we 
measured the species diversity, density and size of fish species 
from underwater visual census surveys, together with 16 bio-
physical variables for each site, to develop a model that tests 
the sensitivity of reef fish indicators and hence their potential 
as coral reef EBVs. The analytical approach used space in lieu 
of time to represent the wide range of reef conditions across 
the western Indian Ocean. We first modelled diversity, density 
and biomass of fish species to determine which bio-physical 
variables were significant in determining fish assemblages. 
Secondly, we tested the sensitivity of seven aggregate fish 
indicators against a range of predictor variables, including a 
new metric for fishing pressure. Principle component analysis 
(PCA) was used to condense key benthic variables into two 
primary PCA axes for subsequent analyses. 

Results 

Patterns in the diversity, density and biomass of reef fishes 
revealed strong country affiliations of reef fish assemblages 
through CAP analyses. Distance based Linear Models 
confirmed geographic location and reef geomorphology 
were the most significant correlates, explaining 32% 
of the observed variation in fish assemblage structure. 
Another 6–8% of variation was explained by productivity 
gradients (chl_a) and reef exposure (fish density) or slope 
(fish biomass). Species richness also varied between island 
and mainland countries with Comoros being the least 
diverse. Fishing effects became evident, explaining 6% of the 
variation in fish biomass, but only at the smaller spatial scale 
of Tanzania and Mozambique. No correlation with live coral 
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was detected at a regional level. However, in Chagos where 
fishing pressure is close to zero and reef geomorphology is 
relatively homogeneous, benthic measures of live and dead 
coral cover and reef rugosity were strongly correlated 
with fish assemblage structure. The ratio of piscivores and 
omnivores to total biomass was developed as an index 
of fishery exploitation with values ranging from ~0.3 in 
naturally productive fished areas to ~0.4-0.5 in protected 
areas or unfished areas. Variation in benthic attributes was 
delineated across two primary PCA axes: i) a gradient from 
high turf algal cover to exposed sites with high CCA cover; 
ii) a gradient from high coral cover and rugosity to high 
fleshy algal cover and rubble, together explaining 48% of 
the variation among sites selected across the WIO. Using 
these axes as predictor variables, current modelling is 
testing which fish aggregate indicators are most responsive 
to changes in reef site characteristics and different levels of 
fishing pressure. Spatial estimates of fishing vessel density, 
obtained from satellite data, provided an effective index of 
relative fishing pressure. 

Conclusion 

This paper brings together a series of studies that seek 
to understand how the complexity of coral reef systems 
and their associated fish assemblages in the WIO can 
be distilled down to a few easily measurable, and hence 
practical, aggregate fish indicators for managers and 
conservation practitioners. Fish indicators give insights 
into changes in coral reef communities under changing 
global conditions, but importantly there are a range of 
indicator responses dependent on the state of a reef 
system and the dominant pressures. These results can 
help guide assessments of conservation programmes 
and contribute to global EBVs being developed by GEO 
BON and to coral reef biodiversity targets set by the 
Convention for Biological Diversity (CBD). 

Keywords: indicators; reef fishes; monitoring; essential 
biodiversity variables (EBVs)
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Background

Kenyan pelagic fisheries harvest a range of species 
using several different fishing gears, but representative 
and reliable data collection is not consistent across 
species and gears. FishPath is a web-based guidance 
tool for developing informed fisheries management 
plans in data-limited situations. FishPath’s output is a 
shortlist of options for monitoring, assessment, and 
decision rules that could be feasible within a fishery’s 
biological, socioeconomic, and governance context. The 
tool is designed for single species context but provides 
caveats when the species is caught within a multi-species, 
multi-gear context. This study explores an approach to 
use FishPath in the multi-gear, multi-species context for 
Kenyan pelagic fisheries. 

Methods 

As a first step in using FishPath in a multi-species, multi-
gear context, we defined the fleets as combinations of 
gear and species or species group. This is because FishPath 
aims to create a shortlist of management options for 
a single gear (e.g. trawl fishery) or species group (e.g. 
shrimp fishery). The FishPath process first involved a 
focus group discussion with FishPath developers, local 
scientists, and managers working through the FishPath 
scoring and questionnaire for the ring net gear (a small-
scale purse seine), considering the small and medium 
pelagics species caught in the ring net gear separately. This 
allowed the Kenyan scientists and managers, future users 
of the FishPath tool, to better understand the details 
and considerations that will go into running FishPath 
to develop management strategies. It also prompted 
in-depth discussions between individuals and agencies 
regarding the characteristics of the small and medium 
pelagics fishery and ring net gear. These discussions 
helped the local experts work through discrepancies, 
and the developers understand the complexities of 
the system and where the wording of the FishPath 
tool could use clarification and improvement. After the 
workshop, local experts completed the FishPath scoring 
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and questionnaires for gillnets, longline, and reef seine 
for small, medium, and large pelagics separately. These 
responses were then used in FishPath to narrow down 
a short-list of monitoring, assessment, and decision rule 
options for each fleet. We then compared options across 
fleets to identify strategies that could generally work for 
Kenyan pelagics in commercial and artisanal sectors. 

Results 

Two key outcomes are presented: (1) proposed 
guidelines for using the FishPath tool in a multispecies, 
multi-gear context, (2) an example of the FishPath 
short-list of monitoring, assessment, and decision rule 
options Kenyan pelagic fisheries. FishPath in a multi-
gear, multi-species context entails a) identification of 
all gears and species groups involved in the fishery of 
interest; b) working through the FishPath monitoring 
and management modules considering the gear and 
assessment options considering the species group; c) 
narrowing down the suite of monitoring and management 
options by gear and the assessment options for each 
species group; d) further narrowing down the short-list 
of monitoring, assessment, and decision rule options by 
considering overlapping options across fleets. Monitoring 
the fishery via surveys of the market, processor, and 
fish landing sites and interviews were included in the 
short-list of options across fleets. Additional monitoring 
options were catch disposal records, snapshot surveys, 
informal logbooks, and automatic information gathering 
applicable to the large pelagics only which are harvested 
in a commercial sector. Assessment options varied 
by key species group. The short-list of options for the 
small and medium pelagics is limited to moving directly 
to decision rules, size relative to size at maturity, and 
sequential trigger systems, although some additional life-
history based methods may be possible for small pelagics 
due to the expert knowledge available for longline 
and gillnet gears. Even fewer assessment methods are 
on the short-list for large pelagics due to their highly 
migratory nature, and other factors associated with 
biology and governance. All fleets had the same short-
list of decision rule options, including catch limits, 
effort limits, gear restrictions by managing selectivity, 
gear restrictions by type, spatial restrictions, temporal 
restrictions, size limits, sex regulations, invoking data 
collection, applying precautionary buffers, overrides for 
exceptional circumstances, and levies/taxes. The output 
of the FishPath tool is not only a short-list of possible 
monitoring, assessment, and decision rule options, but 
the recommendations and caveats that managers should 
consider in further development of a management plan. 

Conclusion 

While this is still a preliminary short-list, we hope 
FishPath results will be useful for managers to walk 
through the options and further narrow down the short-
list based on the recommendations and caveats, as well 
as their expert knowledge of the fishery system.
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Small-scale fisheries (SSFs) in tropical regions depend on 
the productivity of the coastal seascape and nearshore-
offshore linkages, for supreme fisheries outcome. Within 
the seascape, different or comparable gear types are 
used when targeting specific fishery habitat (whether 
mangroves, seagrass, coral reefs or offshore) however, 
information regarding the coupling between SSFs 
catches and the specific contribution of different habitats 
to fisheries productivity is understudied. In the present 
study, we aimed at assessing the spatial (habitats within 
the seascape) and seasonal variability of fish catch rates 
across Tanzania in the western Indian Ocean. Eight areas 
(based on explicit landing sites) spread across the coast 
were chosen to represent SSFs in general. Our findings 
show the importance of the offshore habitat in tropical 
fisheries by having higher catch rates per individual fisher 
per day and handline being the priority gear for the 
habitat. Seagrass and coral reef show stable catches which 
are thought to be important in sustaining fishery supply 
in tropical region and that is why perhaps the majority of 
fishers preferred seagrass and coral reef habitats. Among 
habitat types, an MDS plot and ANOSIM revelled a clear 
separation of fish species within the seascape, which we 
contended being attributable to by differences in fish size 
classes rather than species specificity. 

Keywords: Spatial, temporal, seascape, catch rates, 
small-scale fisheries, monsoon, mangrove, seagrass, coral 
reefs, gear
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This paper reports on the population growth, mortality, 
and exploitation rate and recruitment pattern of the 
big blue octopus ‘Octopus cyanea’ of the Western Indian 
Ocean (WIO). O cyanea is the dominant and most traded 
cephalopod in the region. However, limited scientific 
information on the octopus biology limits the octopus 
fisheries management plan (including temporal closures) 
and octopus Marine Stewardship Council certification. 
This study investigated the growth, mortality, and 
exploitation rate and recruitment pattern of the O. 
cyanea in the Mafia Island specifically at Bwejuu and 
Jibondo landing sites. The majority of the small-scale 
fishers in the named sites are obligate octopus reliant, 
therefore any management measure enacted would 
affect fishing communities and way of life. In every two 
spring tide of the month, a minimum of sixteen days 
were spent collecting individual octopus weight and 
length data (morphometric) for the two study sites 
between the period 2014, 2015 and 2018. Von Bertalanffy 
growth function (K) and the asymptotic length (L∞), the 
annual instantaneous rate of mortality (Z), and annual 
instantaneous rate of natural mortality (M) from the 
empirical equation by Pauly’s were computed from the 
data. Virtual population analysis (VPA) indicated the 
highest fishing mortality at Jibondo (F = 2.7yr-1) which 
was at a lower octopus mantle length (ML) of 8-12cm. 
The fishing mortality at Bwejuu was lower (1.5yr-1) 
and found to be at a higher octopus ML of 18-20cm. 
Furthermore, the study revealed, most octopus fish 
stock-recruit continuous all year round with peak 
between May and July. Since the peak recruitment of 
both areas coincides with the south-east monsoon (SE 
Monson), we recommend active management plans for 
the season (e.g. temporal octopus closures). 

Keywords: Octopus cyanea, growth, mortality, 
exploitation rate, recruitment, small-scale fisheries and 
Tanzania 
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We analyzed the level of genetic diversity and differentiation 
of eight strains of Nile Tilapia Oreochromis niloticus 
imported in Tanzania: four strains from Thailand (BIG NIN, 
Chitralada1 , Chitralada2 and Th1); three from Uganda 
(Ug1 , Ug2 and Ug3) and one from the Netherlands (Silver 
strain). A double digest RAD sequencing (ddRAD-seq) 
was applied for identifying SNP markers. Overall alignment 
of the sequenced fragments to the tilapia reference 
genome ranged between 94 - 97% and 2128 SNPs passed 
all the quality control steps. Results demonstrate that 
Chitralada strain showed relatively high genetic variation 
1 (HE: 0.139±0.003), while Ug2 strain had the lowest 
(HE: 0.056±0.002). The FIS values were slightly divergent, 
the highest value was also detected in the Chitralada1 
(0.059±0.005), and the negative value (-0.064±0.015) was 
exhibited by Silver strain. The lowest genetic distance was 
observed between Ug1 and Ug3 (0.017), while highest 
distance was observed between Silver stain and Ug2 
(0.196). Furthermore, neighbor-joining tree, PCA and 
admixture analysis grouped all strains in four distinct 
clusters. The breeding history and hatchery practices used 
to manage these stocks are the main factors for genetic 
diversity and differentiation observed in this study. 

Keywords: Imported Strains, ddRAD-seq, Genetic 
diversity, Nile tilapia Oreochromis niloticus.
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The study is on the population structure and connectivity 
patterns of the needlefish Tylosurus crocodilus in coastal 
waters of Tanzania (including the islands of Zanzibar, 
Pemba and Mafia). T. crocodilus is a highly abundant fish 
caught by artisanal fishers in coastal habitats across 
Tanzania. Surgical removal of otoliths from 68 fish 
individuals ranging from 30 to 101cm in total length 
(TL) caught from different habitats (including mangrove, 
seagrass meadows, lagoons, coral reef and offshore 
habitats) was done between May and November 2016. 
Water samples for the corresponding habitats were 
also collected. Laser abrasion by inductively coupled 
plasma mass spectrometry (ICP-MS) was done at Lund 
University. Elements of Li, B, Mg, Mn, Fe, Co, Cu, Zn, As, 
Rb, Sr, Mo, Ru, Cd, Sn, Sb, Ba, Hg, Tl, Pb, Bi, Th and U were 
quantified. Results from this study are suggested to give 
an indication of population structure and connectivity 
patterns of T. crocodilus; such information is adequate for 
understanding the population dynamics of this valuable 
species, and important for management of this and other 
belonids in the tropical seascape. 

Keywords: Population structure, connectivity patterns 
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A particle trajectory model that incorporates the 
impacts of ocean currents, surface winds and stochastic 
motion is presented. Here we present the importance 

of using particle trajectory modelling in scientific studies 
and applications along the coastline of South Africa. One 
application is presented that illustrates the importance 
of particle trajectory modelling in scientific studies, 
operational applications and for local communities. 
On the 18th of January 2016, the upturned hull of a 
catamaran was spotted approximately 113 nautical miles 
off Cape Recife, near Port Elizabeth (South Africa). 5 
days after being spotted off Cape Recife, on the 22nd of 
January 2016, the National Sea Rescue Institute (NSRI) 
found the capsized catamaran south of Cape Agulhas. 
The approximate locations, the last known position 
and the recovery site of the capsized vessel provides 
valuable information that are used to assess the ability 
of the LOST particle trajectory model. A comparison 
between the use of windage, ocean surface currents and 
stochastic motion is presented and discussed in order to 
assess their impact on estimating the pathway and final 
location of objects lost at sea. This application illustrates 
the capability of the particle trajectory model in real life 
applications and it is shown to be important to include 
windage, ocean surface currents and stochastic motion 
in search and rescue applications. A second application 
is presented showing the broad range of capabilities of 
the particle trajectory model and how it can be used 
to serve the community. This application is that of a 
surfboard that was lost during a surfing incident and then 
found on the west coast two weeks later. 
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The Western Indian Ocean (WIO), representing around 
5% of our oceans, contributes to 12% of the global tuna 
catch. Tuna migrate between the exclusive economic 
zones of countries and the high seas and are also 
exploited by European and Asian fleets. The management 
of this shared resource is complex and dependent on 
interactions between fishers, intermediaries, fishing 
companies, governments, regional fishing management 
organisations, and NGOs. Using a political ecology 
approach, this study draws attention to the politics 
behind the access to the resources. It focuses on 
three countries as case studies: Madagascar, Mauritius 
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and Seychelles, chosen for their central place in the 
tuna fishery in the region. More specifically, this study 
investigates the social relations between stakeholders 
created through the fishery and explores the geopolitics 
between the countries involved. We show that tuna 
fishing is a source of diverse labour opportunities and 
economic development. In the north of Madagascar for 
example, species caught by foreign boats that are not 
tuna or tuna that are too small or damaged are given to 
the local stevedores who then sell it on a local ‘bycatch’ 
market that takes place every evening when boats are 
landing. These market events shape the local economy 
for a week or more. We also show that despite these 
contributions, conflicts and oppositions emerge between 
stakeholders on issues of equitability of access and 
sustainability of the resource. As an illustration, in the 
Seychelles, the financial contribution from the European 
fishing access agreements funds the majority of port 
infrastructure and improvements. However, it is also the 
country where contestations from local fishers against 
European vessels are the most vocal, accusing the latter 
fleet of depleting the resources in the region. The paper 
aims at shedding light upon the social interactions that 
are often absent in tuna fishery studies. Those include 
connections between African fishers and European 
fishing companies, Sri-Lankan fishers and Seychellois’ 
boat owners or the difficult negotiations of management 
measures between foreign negotiators and government 
representatives of coastal countries. They all engender 
different politics of care and impact the fishery. At a 
time when allocation measures are starting to be put 
in place in the Indian Ocean, it is important to explore 
the lessons that could be learned from tuna fisheries’ 
governance in the WIO region and discuss the challenges 
that the region may face in managing the resource. 
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Background 

Coral communities are found at high latitude on the 
East Coast subtropical reefs of South Africa. They are 
biodiverse, economically important, and afforded World 
Heritage Site status in the iSimangaliso Wetland Park 
where some are subjected to recreational use. While 
these unique coral reefs have suffered little bleaching 
from climate change, they are susceptible to the 
phenomenon and provide a natural laboratory for the 
study of its effects at high latitude. They have thus been 
the subject of wide-ranging research in the ORI Coral 
Reef Programme. This review of the last three decades 
of research emphasises the most recent advances, 
covering the region’s oceanography; coral community 
dynamics and underpinning reef processes, including 
genetic connectivity, minor bleaching events and abiotic 
regulating parameters; the incidence of coral diseases; 
economic benefits of reef use and of their ecosystem 
services; the bio-accumulation of pesticides in reef 
organisms; and fish abundance with an assessment of the 
nursery benefits of Acropora austera, a vulnerable coral 
which provides the reefs with structure. 

Methods 

The methods employed have been commensurately wide-
ranging. Oceanographic information was obtained from in 
situ instrumentation and remotely-sensed data. Long-term 
monitoring was accomplished by image analysis of photo-
quadrats recorded annually along fixed transects, the 
results being compared and correlated with temperature 
records. Complex PERMANOVA and Gradient Forest 
modelling of biotic and abiotic variables was undertaken to 
establish the latter’s role in determining coral community 
distribution. Reef connectivity was assessed from genetic 
analysis of representative corals, viz. the fast-growing coral, 
A. austera, and the slow-growing coral, Hydnophora exesa. 
The incidence of coral diseases was determined from reef 
surveys and prevalent diseases were examined genetically, 
histologically and aetiologically. Underwater visual censuses 
were used to collect fish abundance data in sanctuary areas 
and areas subjected to varying use by anglers and divers, as 
well as within and outside A. austera beds. Finally, economic 
values of the aforementioned reef use, as well as of reef 
ecosystem services (sediment generation and retention), 
were established employing, amongst others, the Travel 
Cost and Replacement Cost methods. 
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Results 

The results have revealed that South African coral 
reefs are subjected to slight eddy-driven upwelling with 
some forcing by the Agulhas Current up shelf canyons 
that occur offshore of some reefs. Sea temperatures 
increased by 0.15°C p.a. in the 90s, with mild bleaching 
in 2000/2001, a non-ENSO year, but have since been 
declining by 0.03°C p.a. Minor bleaching occurred during 
the 1998 ENSO event but was only slight in the 2016 
ENSO event; resilience is possibly emerging. Soft coral 
abundance is nevertheless decreasing by 0.95% p.a. and 
may be attributable to leaching of pesticides from adjacent 
wetlands via groundwater. Connectivity of the reefs is 
poor regionally and even between reefs; in fact genetically 
distinct populations indicative of self-seeding were found 
amongst the study species on an intensively sampled reef. 
Latitude, depth, slope, turbulence and reef aspect play a 
role, in that order, in coral community distribution; biotic 
variables must be of similar importance. The incidence of 
coral diseases was low and a new disease, Porites white 
patch syndrome (PWPS), was described and its causative 
organism isolated. The fish studies revealed that angling 
and diving affect the fish communities, and that structural 
complexity in A. austera patches plays a significant nursery 
role on the reefs. Economic values of reef usage were 
outweighed by those of ecosystem services, emphasising 
the need for reef conservation and management. 

Conclusions 

The results of the programme have provided valuable 
information on relatively pristine, highlatitude reefs, their 
socio-economic benefits, and the anticipated effects of 
climate change. The marginal nature of the South African 
coral reefs will render them sensitive to global change; 
while light will remain constant, temperature could 
become more important. Subtle changes in coral resilience 
are thus anticipated as temperatures approach the local 
bleaching threshold. Changes in Ocean Acidification (OA) 
are not expected to be significant and sea level rise is 
unlikely to affect the reefs. They have considerable use 
and service value which any degradation in their condition 
would diminish. The fact that most marine tourism in the 
Park occurs at Sodwana Bay, the core region of the Park, 
is anomalous; its marine sanctuaries lie in what should be 
buffer zones at its periphery. This anomaly dictates that 
careful management and monitoring of the Sodwana 
reefs is paramount and consideration should be given 
to proclaiming the northernmost of the reefs (Nine-
mile Reef) a sanctuary. The South African coral reefs are 
nevertheless in good condition and provide room for 
optimism regarding the future of corals at high latitude. 
They also provide a natural laboratory for study of these 
systems under protected and pristine conditions in terms 
of accretion versus bioerosion and coral gene expression. 
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Background 

Fisheries of the Global South are vital to food security, 
livelihoods and economic development, and so it is critical 
they are managed sustainably. Yet research indicates that 
these fisheries appear to be worsening in terms of fleet 
overcapacity, production per unit of effort and stock 
status. The implications are global as approximately 
half of the world’s seafood production is from these 
developing countries. The Marine Stewardship Council 
(MSC) operates the world’s leading seafood certification 
and ecolabelling programme. Fisheries volunteer to 
be independently audited against the science-based 
Fisheries Standard and, if they pass, are considered to be 
operating sustainably. Approximately 10% of the fisheries 
in the MSC programme are from the Global South. By 
improving accessibility for fisheries to engage in the MSC 
programme, the MSC can play a role in improving the 
management of fisheries operating in the Global South. 

Method 

The MSC has developed a number of tools and 
introduced a range of mechanisms aimed at improving 
the access of fisheries from the Global South to the MSC 
programme. This has created pathways for fisheries to 
gradually work toward environmental sustainability, using 
the MSC Fisheries Standard as the route map. The MSC 
Capacity Building Programme is designed to equip a wide 
range of stakeholders (fisheries management authorities, 
non-governmental organisations, fishers and commercial 
seafood industry) with the knowledge and skills 
required to implement successful Fishery Improvement 
Projects (FIPs). An additional objective is to enable 
fisheries scientists and experts located in the Global 
South to increase their knowledge and understanding 
of the MSC Fisheries Standard. Accompanying fishery 
improvement tools have also been developed and include 
Preassessment Templates, Fishery Improvement Action 
Plans, and the Benchmarking and Tracking Tool. Together, 
these assets provide a framework for improvement and 
are particularly useful for small-scale fisheries in the 
Global South. Funding, in the past through the MSC’s 
Global Fisheries Sustainability Fund, has supported 
scientific research and projects in fisheries worldwide. 
Going forward, the MSC’s new Ocean Sustainability Fund 
will support fisheries on their pathway to sustainability 
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and invest in new scientific research. In particular, the In 
Transition to MSC Programme will support credible FIPs 
as they make progress toward achieving MSC certification. 
The MSC Fisheries Standard is designed to be accessible 
to all types of fisheries. However, its strong requirement 
for quantitative data can be a barrier to some, including 
small-scale and artisanal fisheries and those without 
access to stock assessments. To address this challenge, 
the MSC has developed a set of precautionary risk-based 
indicators for the assessment of data-deficient fisheries 
– entitled the Risk Based Framework (RBF). 

Results 

In the Global South the Capacity Building Programme 
has been implemented in Tanzania, Kenya, Madagascar, 
South Africa, Cameroon, Namibia, Senegal, India, Thailand, 
Indonesia, Mexico and Peru. Fishery improvement 
tools have been applied in Madagascar, Kenya, Tanzania, 
Mozambique South Africa, Namibia, Senegal, Mauritania, 
Gambia, Guinea Bissau, Maldives, India, Indonesia, Vietnam, 
Suriname and Mexico. The Risk Based Framework has 
enabled 17 fisheries from the Global South to access 
the MSC Fisheries Standard. The Global Fisheries 
Sustainability Fund has provided support for fisheries 
related research projects in Madagascar, Kenya, Tanzania, 
Chile, Indonesia, Suriname and Vietnam. 

Conclusion 

Prior to 2010 there were fewer than five MSC 
certified fisheries from the Global South. Following 
the development of the MSC’s accessibility tools and 
mechanisms, the number of MSC certified fisheries 
from the Global South has increased steadily, numbering 
36 at the end of 2018, with 18 additional fisheries in 
assessment.
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Background

The Southwest Indian Ocean (SWIO) region is a global 
hotspot for chondrichthyan biodiversity. However, the 
status of sharks and rays is poorly understood in the region 
and there is generally little regulation and monitoring 
of fishing for sharks and rays, particularly in small-scale 
fisheries. Tanzania landed the second highest shark catch 
of the SWIO countries, between 2003 and 2012, making 
it a significant source of impact on remaining shark and 
ray populations. No population or stock assessments 
have been done, but studies report up to 26 species of 
sharks, including threatened species such as whale sharks 
and guitarfishes caught in the fisheries. Small-scale and 
artisanal shark fisheries are an essential resource for 
fishing communities in Tanzania as a food source and a 
significant source of income from the sale of fins. Tanzania 
has limited legislation in place to govern exploitation, 
trade, management or conservation of sharks and rays, 
and there are no licensing requirements for shark and 
ray fishers and vessels. This study used market surveys 
to determine the composition of chondrichthyan species 
landed and to indicate the intensity of artisanal shark and 
ray targeted fisheries in Zanzibar. 

Methods

Surveys were conducted at two key landing sites, Malindi 
and Mkokotoni, and two fish markets, Darijani and 
Mazizini, on Unguja Island, Zanzibar, from July 2017 to 
January 2019, totaling 363 survey days. Each specimen 
was recorded using a unique fish identification code. 
Biological data including total length, fork length, sex, 
and maturity were recorded for sharks. Disc length, 
disk width, sex, and maturity were recorded for rays. All 
specimens were photographed to verify species. Daily 
market data were recorded, including an estimation 
of fishing pressure targeting sharks, the market price 
for chondrichthyan species, names and details of shark 
auctioneers, and quantity of additional processed shark 
and rays not included in the survey. 

Results

In total, 6 749 sharks and rays were recorded during the 
study period. Rays accounted for 80%, with 17 species 
identified, whereas sharks accounted for 20% with 29 
species identified. According to IUCN classification, 60% 
of ray and 38% of shark species recorded are designated 
as threatened, while 73% of ray and 34% of shark 
species identified have decreasing population trends. 
Shark landings were dominated by three species, the 
sliteye shark (Loxodon macrorhinus, 21%), spottail shark 
(Carcharhinus sorrah, 12%) and silky shark (C. falciformis, 
7%). Scalloped hammerhead sharks (Sphyrna lewini), 
listed as endangered according to IUCN, accounted for 
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3%. Three shark species recorded have not previously 
been recorded in Tanzania, with one new distribution 
record for the Western Indian Ocean. Landings of rays 
were dominated by three species, Jenkins’ whipray 
(Pateobatis jenkinsii, 40%), bluespotted maskray (Neotrygon 
caeruleopunctata, 22%) and Reticulate whipray (Himantura 
uarnak, 12%). Ornate eagle rays (Aetomylaeus vespertilio) 
and giant manta rays (Mobula birostris), both categorized 
as endangered by IUCN, were also recorded, as well as 
103 specimens (2% of total ray catch) of whitespotted 
wedgefish (Rhynchobatus djiddensis), classified as 
vulnerable by IUCN. 

Conclusion

This research project provides the first comprehensive 
survey of Chondrichthyan landings, identified to species 
level, in Tanzania. The results highlight clear gaps in 
scientific knowledge regarding species distributions, 
diversity, population trends and abundance and show 
an urgent need to enhance and expand species-level 
data capture. In addition to the three new distribution 
records for Tanzania and due to the current taxonomic 
review of some ray species, it is possible that one or 
more new species, some of which may be unique or 
endemic to Tanzania, may be recorded. Chondrichthyan 
data have limited input in national catch assessments 
used for fisheries management, yet sharks and rays are 
targeted by artisanal fishers throughout Tanzania due to 
the high domestic demand for their meat, and the high 
value of their fins. The results of this project will assist 
the Government of the United Republic of Tanzania to 
develop guiding policy documents for shark and ray 
management. Such guiding policy could become the 
framework for the development of a national plan of 
action for sharks and rays in Tanzania, which would, in 
turn, contribute to a SWIO regional plan of action for 
chondrichthyan management and conservation. 
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Background

Mangroves on the west and north-east coast of 
Madagascar are currently a national conservation 
priority. Despite the great ecological and economic 

services provided by mangroves, the threats, both 
anthropogenic and climatic, that weigh on this habitat 
and its biodiversity are increasing and becoming more 
tangible. Between 2000 and 2010, it is estimated that 
nearly 5,700 ha of mangroves have disappeared from the 
Diana region. Nosy Hara National Park includes critical 
habitats such as coral reefs, mangroves, seagrass beds 
and islets and supports numerous livelihoods in artisanal 
fisheries. Thus this is an area of high biological, economic 
and cultural interest. The entire Protected Area at Nosy 
Hara is 125,471 ha, of which mangroves comprise 3,499 
ha. The main threats observed on mangrove are selective 
cutting of mangroves by local people, silting, increased 
salinity following drought and lack of supervision and 
control. 

Methods

Local communities were trained in propagule 
collection, planting and monitoring techniques and in 
the management and monitoring of mangrove forests 
in their locality. Scientific research also was conducted 
to evaluate the status of the mangrove forests that will 
lead to the development of a 3-year restoration plan for 
the target communities. Information gathered during 
this work included: biodiversity surveys, socio-economic 
evaluations, mapping of mangroves and proposed 
restoration sites. 

Results

Sixty-four local community representatives participated 
in the training programme. One hundred ‘Junior 
ecoguards’ were also trained on the importance 
of mangroves and their conservation through the 
development of an environmental education manual, 
as part of a teacher training project throughout 
schools in the Diana region. An area of 19.4 ha of 
mangroves has been restored over two years with 
the cooperation of local communities and Madagascar 
National Parks. Furthermore, IEC materials (posters, 
postcard and manual) have been developed to raise 
awareness. To ensure the sustainability and continuity 
of restoration activities, in collaboration with national 
government, a restoration plan was developed and 
validated by the local communities and Madagascar 
National Parks in October 2018. By the end of the 
year 2021, it is expected that 20 ha will be reforested 
and 10 ha restored. 

Conclusion

The involvement of communities were key to the success 
of this work, including site identification, delimitation of 
restoration sites, planning and management of their own 
resources. This project has provided them with improved 
knowledge of their mangrove areas, and technical 
capacities to conduct future restoration. 
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Shrimp aquaculture production has developed rapidly 
over the last three decades globally. Unfortunately, 
the rapid growth of this industry has seen increased 
in number of associated infectious diseases both in 
the southern and northern hemisphere. Of particular 
interest is the disease caused by Vibriosis belonging to 
the Vibrio genus, inflicting necrotic lesions in the tissues 
of infected shrimps. The disease has been described as 
early mortality syndrome (EMS) due to mass mortality 
during the early stages of Penaeus monodon and 
Littopenaeus vannamei post larvae. EMS was subsequently 
referred to as acute hepatopancreatic necrosis disease 
(AHPND) based on its histopathology characteristics. 
The disease has been reported to have a toxin mediated 
etiology which is produced by a virulent strain of Vibrio 
parahaemolyticus resulting into mass mortalities during 
the post larvae age. Bacteria infectious diseases are a 
significant problem to aquaculture globally. With a lot 
of emphasis discouraging use of antibiotics in disease 
management, therefore, novel interventions are now 
concentrating on developing alternative prevention 
measures that are more environmental friendly. Use of 
probiotics is one alternative approach that has continued 
to command a considerable attention in aquaculture 
as its eco-friendly. This study hypothesized that some 
selected putative probiotics (Bacillus species) with known 
different characteristics e.g. quorum sensing degrading 
and poly-ß-hydroxybutyrate (PHB) accumulating have the 
ability to protect gnotobiotic Artemia (GART) as model 
organism against EMS. To validate the axenic results, 
a xenic culture model on Macrobrachium rosenbergii 
larvae was used. The probiotic screening methodology 
followed an in vivo bioassay challenge. Before challenging 
with cell free supernatant (CFS) of V. parahaemolyticus 
EMS strain, Artemia nauplii were treated with Bacillus. In 
the subsequent methodology, an immersion bio-assay 
challenge was conducted where Artemia nauplii were 
challenge by CFS of Bacillus spp. after 24 hours incubation 
in V. parahaemolyticus. Screening results of EMS challenge 

to gnotobiotic Artemia revealed that the selected Bacillus 
species offered protection. The protection capacity 
of these probiotics in terms of survival of gnotobiotic 
Artemia ranged from 59 percent to close to 100 percent. 
There was a significant lower mean percent survival and 
swimming activity of EMS challenged Artemia (P <0.05) 
compared to the rest of the treatments. Survival and 
swimming activity of Artemia in the negative control 
(Artemia only) was significantly lower compared to 
majority probiotic containing treatments (P <0.05). 
The study recorded significant mortality of gnotobiotic 
Artemia (>60%) linked to presence of V. parahaemolyticus 
EMS strain at 60 hours of challenge. The results of the 
immersion challenge, after challenging gnotobiotic 
Artemia with CFS of the incubated probiotics (24 hours 
incubation in V. parahaemolyticus), revelled that despite 
high protection levels observed in the previous part 
where live cells of the probiotics were used, the CFS 
of these probiotics recorded a lower performance 
in protection (72.2%±5.6). There was no significant 
difference recorded between survival and swimming 
activity of negative control (Artemia only) and Artemia 
in CFS probiotic treatments (P >0.05). An EMS challenge 
test to M. rosenbergii larvae gave strong indication that 
indeed EMS is not only causing disease in Penaeidae 
shrimps but may affect other species. While conduting 
this validation research, one Bacillus strain was found 
not to negatively affect the host, an important feature 
of a good probiont. In conclusion the authors observed 
that, the ability of the Bacillus species to suppress EMS 
pathogen in this study suggest that, probiotic treatment 
offers a very promising alternative to the use of antibiotics 
and chemotherapeutics in shrimp aquaculture. Future 
experiments mainly focusing on mode of action of such 
probiotics should be conducted. This could provide 
valuable insights into the potential probiotic effects in 
situations directly relevant to aquaculture. 

Keywords: EMS/AHPND, Vibrio parahaemolyticus, 
Probiotics, Gnotobiotic Artemia, Macrobrachium 
rosenbergii, Aquaculture
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Background 

The need to make scientifically informed management 
decisions is rapidly becoming more important due 
to the increasing interest, investment and risks in the 
ocean associated with global changes and a focus on 
the blue economy. Critical ocean management decisions 
in the Western Indian Ocean (WIO) are hindered by 
unavailable or inadequate data-driven instruments to 
assist managers and policy makers easily consume key 
information. Consequently, decision-support tools 
applicable in both sectoral and integrated contexts can 
assist the transition to sustainable utilisation of marine 
resources. The Ocean Health Index (OHI), established 
in 2012, has been gaining popularity globally as the first 
integrated assessment framework that scientifically 
combines key biological, physical, economic, cultural and 
social elements of the ocean’s health into scores which 
reflect how well coastal regions optimize their potential 
ocean benefits (goods and services). Independent OHI 
assessments, known as OHI+, focus at the national and 
subnational levels, and are being piloted in different 
regions to determine their potential for long-term use 
within specific governance contexts. 

Methods 

Preliminary assessments, guided by an inclusive 
stakeholder process, were conducted in Kenya and 
Tanzania in 2018 using two of the ten OHI goals: 
Biodiversity through health of coastal and marine habitats 
and Food Provision through sustainability of wild caught 
fisheries. Assessments in both countries were conducted 
at a sub-national scale: 5 coastal counties for Kenya and 
7 coastal zones for Tanzania. Goals were scored on a 
scale of 0-100, reflecting how well coastal regions are 
optimizing their potential ocean benefits and services in 
a sustainable way relative to a reference point: a score 
of 100 indicates optimal sustainable achievement of a 
goal target. The OHI Toolbox is the engine that powers 
all OHI assessments. By utilizing R scripts and GitHub 
repositories, it combines prepared data, goal models, 
and pressures and resilience layers to calculate OHI goal 
scores. For the Habitat sub-goal (under the Biodiversity 
goal), coral reefs and mangroves were assessed at a sub-
national scale and seagrasses at a national scale. For 
the Fisheries sub-goal (under the Food Provision goal) 
only artisanal fisheries were considered, and Maximum 
Sustainable Yield (MSY) was used as a reference point 
to assess sustainability based on the ratio of biomass to 
biomass at MSY (b/bMSY) and local or national catch 
data for each stock (depending on data availability). 

Results 

Both Kenya and Tanzania scored fairly well with 74 for the 
Habitat sub-goal. For Kenya, Lamu and Kwale counties 
scored highest (final score of 92.4 and 89 respectively) 
and Tana River scored the lowest (final score of 44.5). In 
all counties except Lamu, and overall (nationally), future 

ecosystem health was projected to decline in the near 
future. In Tanzania, the overall score for each zone varied 
greatly with Pwani and Pemba scoring the lowest (61.6 
and 65.5) while Unguja and Lindi had the highest scores 
(87.4 and 84.5 respectively). Future state is estimated 
to be appreciably lower than the current status except 
for Unguja. Data gaps particularly historical hard coral 
cover of coral reefs and long time-series information on 
seagrass condition, impacted the accuracy of the habitat 
status scores for some counties and zones. Assessing 
the Fisheries sub-goal presented significant challenges in 
both countries. In Kenya, 25 stocks at different levels of 
classification (family, genus, species) were assessed, but 
only 25% of these stocks had catch data disaggregated at 
a county level, and only 13 stocks were at species level 
and had b/bMSY estimates calculated from data-limited 
methods. This meant that just under 50% of stocks had 
scores which had to be gap-filled using median scores. 
Thus the b/bMSY model used in the OHI was severely 
data-limited and poorly applicable for sub-national 
assessment and this multi-gear and multi-species fishery.. 
A more suitable model for the existing length-based 
data should be trailed e.g. spawning potential ratio, to 
improve the fit of the assessment to data-poor fisheries 
and provide more accurate county-level scores. The 
Fisheries sub-goal could not be calculated for Tanzania 
due to data accessibility issues, available fish catch data 
being collected at family level and not disaggregated by 
zones and stock assessment information for priority 
fisheries being inaccessible or non-existent. 

Conclusion 

This preliminary assessment has shown that there is 
scope for use of the OHI in the WIO as a decision-tool, 
data and indicator generator and as a framework to 
discuss ocean health in countries. However, successful 
uptake will depend on ownership of each goal by 
relevant government sectors, combined with high-level 
overarching coordination by a cross-sectoral entity, to 
negate some of the challenges with implementation 
including data access, the ability of government staff to 
commit time, and policy influence. Additionally, there 
is a need to develop increased tool-functionality for 
easier adoption in regions where data is often lacking 
or poor, and countries must also increase investment in 
monitoring of resources to provide better quality data 
to inform decisions. There is also need for enhanced 
cooperation between national and sub-national levels 
of government to, among other things, complement the 
sectoral focus of the former, and to operationalize sub-
national maritime zones for the latter.
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Background 

Marine invasive species and the explosion of a species 
population can have detrimental effects on a threatened 
area as well as unaffected areas due to the connectivity 
of marine ecosystems through currents and tides. This 
is the case of the crown-of-thorns (COTs), Acanthaster 
planci, a large, multi-armed coral eating starfish. It 
has become one of the most well-known biological 
threats to coral reefs, building its notoriety not on 
its beauty or commercial value but on its capacity to 
decimate extensive areas of coral. An outbreak of COTs 
population is when the feeding rate of COTs exceeds 
the growth, recruitment and recovery rate of the coral. 
Population outbreaks of this species represent the most 
severe biological disturbance experienced by coral 
reefs across the Indo Pacific, from the coast of South 
Africa to the Gulf of California”. It was estimated that 
only about 20% of the coral reefs around Mauritius is 
structurally functional. Sustained and ongoing declines 
in live coral cover due to man-made and natural 
disturbances are causing accelerating degradation of 
coral reefs. Importantly, it is feared that the combined 
effect of outbreaks and other disturbances (bleaching, 
ocean acidification, sediment pollution) along with the 
intensification of the climatic variabilities, could further 
accelerate the demise of coral in Mauritius. In 2017, Reef 
Conservation conducted a study whose overall goal was 
to apply innovative population control techniques to 
avoid outbreaks at the scale experienced by other Indo 
Pacific countries. One of the first observations of COTs 
in Mauritius was realized by the Mauritian Underwater 
Group (MUG) in 1971 under the “Starfish Project”. More 
recently since 2014, alarming reports from various users 
of the sea around Mauritius has raised attention about 
outbreaks of COTs at numerous sites, some of which 
include offshore islands that are popular recreational 
sites. It is imperative to understand the extent and 
patterns of COTs outbreaks reported in Mauritius 
and to implement appropriate and effective population 
control methods. Another objective of this study was 
to create a network of observers consisting mainly of 
diving centres. They were sensitised and trained in the 
identification and on the effects of these organisms on 
the coral reef. With the help of citizen science, sites 
requiring population control could be identified. 

Method 

In order to identify the pilot sites many meetings and 
training sessions on the impact and identification of 
COTs were organized with different stakeholders such as 
diving centres, boat houses and individual divers. A data 
sheet was designed so all stakeholders could record their 
observations. Field truth dives were organized to validate 
the data collected by diving centres. There are some 
considerations to be taken into account when selecting 
a pilot site for trials on a wild and an ordinarily natural 
population of animals, these considerations include: 
The number of individuals found on the site, i.e. are the 
numbers beyond the normal population curve which is 
1-2 COTs seen in 15 min of diving. The precautionary 
principle of ethical field work should be applied at all 
times. It would not be considered ethical to carry out 
field trials on what would otherwise be considered a 
normal population density. This could result in ecological 
imbalance in the system and exacerbate other potential 
issues. Pilot sites for population control of COTs were 
chosen where individual numbers exceeded 9 in a 15 
min swim or dive. The population control methods were 
tested incorporating the latest methods, injecting white 
vinegar at several spots on the body adjacent to the arms 
of the COT. Injections were carried out using a special 
syringe designed by Reef Conservation for the purpose. 
Injection sessions were performed only during the day. 
Each COTs received 2 injections of 10ml or a total of 20 
ml of vinegar. Each dose of vinegar was injected at the base 
of a COT arm (The arms chosen for injection should be 
located as far as possible from each other). 48 hours after 
the injection session, a visual inspection and a count of the 
number of individuals on the controlled site was carried 
out in order to evaluate the effectiveness of the control. 

Results 

Analysis of returned the data sheets from the different 
stakeholders indicated 5 sites in the north showing 
the number of COTs observed, to be within the range 
considered to be at a level relevant for intervention. 
These sites lie on the southern edge of Coin De Mire, a 
small, unpopulated offshore island that is a nature reserve. 
The specific sites identified are well known dive sites 
known as Charpentier and Confetti Bay.  The population 
of COTs at 5 dive sites were controlled during 12 field 
diving sessions, with a total of 130 Acanthaster planci 
injected with vinegar. With our observations as well as 
those of the observer’s network it is recommended 
that future surveys and projects pertaining to COTs be 
undertaken during the summer months with prevailing 
higher sea temperatures and calmer seas. Population 
levels for monitored dive sites were observed to 
increase as the seasons changed from winter to summer 
months.  Divers network a dozen diving centres took 
part in the COTs population data collection and was 
able to contribute to strengthening the knowledge on 
the situation of the COTS population in Mauritius. 
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Conclusion 

To ensure full feedback on data sheets, further 
sensitisation sessions with the diving centres should be 
undertaken and the importance of all results including 
zero results should be emphasised. Most importantly a 
mechanism is now in place for monitoring and controlling 
COTs in Mauritius through stakeholder engagement. 
There is now an established pathway for reporting COTs 
outbreaks and a standard methodology for controlling 
outbreaks. In the event of an outbreak in the short term, 
Reef Conservation will have to respond to any requests 
for support from the dive centres. Following the results 
obtained during this first control test, it was important to 
work with the various governmental institutions on the 
establishment of a national protocol for the control of 
these organisms. In 2018 the issue of a national protocol 
was raised by members of the Coral Reef Network, this 
document is under development. Monitoring should be 
continued as the COTS population is not well studied in 
Mauritius, more data is needed regarding the distribution 
of the organisms and their configuration, as well as the 
status of coral biodiversity and health of infested sites 
and the potential recovery of these sites. 
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Oysters are important resources for the daily diet of 
the coastal communities as well as for tourism industry 
and represents a source of economic income for coastal 
communities in Mozambique. The exploitation of oysters 
is an activity of great importance for the subsistence of 
many people inhabiting Inhaca Island. This activity has 
been growing as result of the population and tourism 
demand occurring in recent years. This situation generally 
leads to uncontrolled catches of marine resources, which 
may contribute to their decline in the wild, impacting the 
structure and function of exploited communities and 
compromising their sustainability. Despite their biological 
and socioeconomic importance oysters have not been 
studied to assess their abundance as well as their current 
exploitation levels and biomass. On the other hand, knowing 
the levels of consumption and the state of the natural 
stock will also be able to evaluate the potential for its 
continued exploration and to encourage the development 

of aquaculture as an alternative to intensive exploitation. In 
this study two species of oyster were investigated with the 
aim to assess the current exploitation levels and biomass 
in order to support management decisions about these 
resources. The study was conducted between September 
2015 and March 2016 in four seagrass banks for Pinctada 
capensis and three rocky shores areas for Saccostrea 
cucullata at Inhaca Island. For both species density, catch 
per unit effort was quantified as well as the composition 
in size. Semi-structured interviews to the local oyster 
collectors and sampling in the natural banks were used 
to collect data on socio-economic value of these species. 
The questionnaire was designed to determine how large 
and important the pearl fishery was in the past and 
where the most productive grounds were located, and 
to assess how many oysters were currently present and 
where they were. Data obtained during the application 
of the questionnaires, was used to select sites for field 
sampling. At each selected sampling site, quantitative data 
were collected using transects and quadrates approach. 
Samples of sandy oyster Pinctada capensis were collected 
every spring tides (full and new moons) from random 
transects and systematic (0.5x0.5m) quadrats as well from 
the artisanal catches. The rocky shore Saccostrea cucullata 
was sampled in three locations of the Island by means of 
(0.5x0.5m) quadrats using a digital camera and samples 
from the artisanal catches are being collected in every 
spring tides (full moon and new moons) since September 
2014 in four locations at Inhaca Island.  The results obtained 
in this study, indicate that the most exploited oyster 
species at Inhaca Island is Pinctada capensis and sometimes 
people collect Saccostrea cucullata when harvesting other 
invertebrates. The mean density of Pinctada capensis varied 
from 11±8 ind/m2 to 2±2 ind/m2 and the mean density for 
Saccostra cucullata varied from 64±6 ind/m2 to 33±3 ind/m2. 
There was a trend of decreasing density from deeper and 
difficulty access areas to shallower and most accessible 
areas for both species. The most frequent size class for 
the specie Pinctada capensis was the medium (between 
40-60mm). On the other hand, the most frequent size 
class for the specie Saccostra cucullata was between (21-30 
mm) considered the larger. In the deep areas, there were 
significant difference between the oyster size captured 
by the collectors and the oysters recorded in the field, 
which suggests that the population has preference of adult 
oysters. In the shallower areas, there were no significant 
differences between the oyster size captured by the 
collectors and that recorded in the field, suggesting that 
there is no selectivity in the catches in these areas.  There 
were more catch per unit effort in deep areas (75 kg / 
collector / day) compared to the shallower areas (7kg 
/ collector / day). The distribution of the CPUE among 
locations was significantly different but size distributions 
of the oysters vary from 30-70mm. Oysters of size over 
70mm were most abundant in the catches of deeper 
Nolue Bank. Interviews carried out in most of the 
sampling area show that the destiny of most of the catches 
of both species are consumed except 2,3% at one of the 
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locations which is sold locally. Of the 73 respondents in 
the interviews, about 72.11% answer that the sand oyster 
Pinctada capensis is decreasing, 20.9% affirmed that the 
resource does not increase or decrease and about 7.0% 
say they do not know whether the resource increases or 
not. Among the causes mentioned by the interviewees, 
the excessive catch (69.7%) is contributing to the decline 
of the resource followed by natural death (18.6%). In this 
study, we conclude that abundance, oysters mean size and 
weight decreased from the deeper areas to shallower 
and accessible areas revealing negative anthropogenic 
pressure on oyster stocks. On the other hand, smaller 
individuals were frequent in shallower and accessible 
sites whilst larger size oysters were more encountered 
in areas of difficult access. There is a need to accomplish 
the sampling program in order to get the best situation of 
these resources 

Keywords: Pinctada capensis, Saccostrea cucullata, 
exploitation of oysters
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In Madagascar, the decapod cephalopods are exploited 
for local consumption and sale and for exports. Few 
scientific studies have been done on these two organisms 
while the nesting medium is an area of high local activity 
pressure of the community. So, a study on decapod 
cephalopod laying has been realized in the southwest 
region of Madagascar. It was carried out on Andrevo’s algae 
cultivation field from November 15, 2017 to February 06, 
2018 followed by a laboratory study of gonad samples 
collected from COPEFRITO. Laying squid and cuttlefish 
were found on the algae culture field during the study, 
and 63% of respondents confirmed the presence of the 
laying both two organisms from September to February. 
Concerning laying, the environmental conditions of the 
algae culture field are favorable to the latter. Respectively 
for both organisms (squid and cuttlefish), color (milky 
white, black ranging from transparent), shape (tubular, 
round), quantity of eggs on a laying (278, 21), weight of 
one egg-laying (775g, 16g), the weight of the egg (0.34g, 
0.76g), the weight of the embryo (0.04g, 0.25g), the size 
of the egg (1.10cm, 1.57cm) and the size of the embryo 
(0.42cm, 1cm) are largely distinct in both. For squid, the 

characteristic is also depending on the species and the 
particularity encountered allows us to say that the laying 
observed belongs to the species Sepioteuthis sp. Fertilized 
eggs on a spawn represent less than 20% of free oocytes 
found in mature females. 

Keywords: Laying, Squid, Cuttelfish, Southwest region 
of Madagascar, Algae cultivation field
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The rate of heavy metal accumulation in 
micropellets: Durban Harbour” 
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Micropellets are essentially pre-production material of 
plastic and often spilled in marine systems during handling 
and transportation. Once in the environment, micropellets 
can remain for prolonged periods of time. These micropellets 
can cause physical harm to animals which mistaken the for 
food as they also have been reported to accumulate toxic 
substances on their surface. Therefore, they represent a 
potential concentrated source of environmental pollution 
and act as a vector of toxic pollutants in the foodweb. The 
duration of chemical adhesion on micropellets before it 
reaches equilibrium, however, is not well investigated. In 
October 2018 an accidental micropellet spill resulted in 
2000 tons of virgin plastics being introduced at once in 
Durban Harbour. These led us to investigate the rate of 
metal accumulation in micropellets. This study carried 
out an assessment of the status, effect and toxicity of 
micropellets in Durban Harbour over a period of 6 months, 
and determined time integrated metal accumulation effect. 
Microplastics were collected before the spill and then 
at and at one month interval over a period of 6 months 
following the spill from October 2017 to March 2018. The 
samples were digested using a mixture of concentrated 
nitric actic and sulphuric acid at a ratio of 1:3. analysed 
for trace metals (Al, Pb, Cd, Cr, Co, Fe, Cu, Li, Mn, Ni, 
and Zn) using the Induction Coupled Plasmsa Optical 
Emission Spectroscopy (ICP-OES). Micropellets collected 
prior the spill showed higher metal accumulation and 
metal accumulation in micropellets was found to increase 
with time following the spill. Results showed a significant 
difference (p<0.05) between pre-spill micropellets and post-
spill micropellets and post-hoc Tukey Kramer test showed 
significant difference between aged and newly introduced 
microplastics. Although metal accumulation equilibrium was 
not established within 6 months, micropellets did show 
evident metal accumulation with time. 
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Background 

Technology and infrastructure development are 
important factors for the busiest ports to remain 
efficient and contribute to the economy of their country 
and adjacent city. Due to globalisation, everchanging 
economic climate, growing concerns on climate change 
and environmental degradation and pollution, renewable 
energy use, ports are required to factor these issues and 
many others into their infrastructure and development 
plans. On the landside, the city adjacent to the port is 
affected by traffic and congestion, and land availability 
due to port operations requiring land and warehouses 
and industries that need to be closer to the port. The 
port city is complex and has many actors with different 
values and perspectives on development. The Durban 
port in South Africa has explored various infrastructure 
developments to improve port operations in anticipation 
of market demand. The developments are: Widening, 
lengthening, and deepening of Pier 203-205 container 
terminal and The Durban Dug Out Port (DDOP). This 
is bearing in mind that geographically the port is in an 
estuarine embayment that supports various ecosystems 
of birds and fish using the sandbanks for feeding and 
breeding. It is also the site for various recreational 
activities. The port development projects are classified 
as part of technological transitions in this study due 
to their extent and the problems they wish to address 
on a medium to long-term basis. The objective of this 
study is: “to understand how the timing of technological 
innovation and interaction of multiple-levels reconfigures 
actor relations and processes thus determining the 
success of developments in the port”. The Multi-level 
Perspective is a means to understanding the interaction 
of actors, environments and innovations, and explains 
how technological transitions come about. It is based on 
the premise that transitions are outcomes of alignments 
between developments at multiple levels. The levels 
are the niche, regime and landscape. The niche level is 
characterised by research, development and learning e.g. 
ship and engine engineers. The actors at this level are 

innovative, inspired by needs of landscape developments 
and the problems that need to be solved in the system. 
The landscape level forms the context for interactions of 
actors, it is external and slow to change, hence influences 
the entire systems e.g. Oil prices, economic recession, 
environmental problems. The regime level is where 
dominant patterns of actors, processes, technologies, 
skills, corporate cultures and artefacts embedded in 
institutions and infrastructures emerge in the social 
system. The levels always interact, however transitions 
come about in the system when there is instability. For 
transitions to occur, windows of opportunity emerge 
(instability) where the innovations from the niche level 
supported by landscape context breakthrough into the 
regime resulting in adjustments and re-configuration. 

Methods 

To develop the context a historical review of port 
planning was conducted, with emphasis on the role of 
technology, environmental policy and legislation. National, 
local and port policy relating to (coastal) development, 
planning and environmental protection and conservation 
were analysed within this context. Actors in planning and 
development from the port were interviewed. Outside 
actors: civil society groups, scientists, consultants private 
sector representatives and NGOs too. Actors outside 
the port were selected based on involvement in public 
participation during impact assessments and their role 
in port committee meetings. Multi-Level Perspective 
embedded in Transition Management was used to analyse 
the data. 

Results 

Pressure from the landscape level and global maritime 
technology, prompted the port to put into action plans that 
would allow bigger ships into the harbour and the handling of 
higher containers volumes. The port as an actor in the niche 
level identified the window of opportunity to introduce the 
Pier 203-205 plan in 2010, while the plans for the Durban 
Dug Out Port were still in the pipeline. This move disrupted 
the regime, requiring the regime actors to re-align themselves 
and prepare for change. The key concerns by outside 
(actors not in the port system) actors: city municipality, 
environmental NGOs, the Department of Environmental 
Affairs and the civil society groups, were related to how 
the port intended to address climate change mitigation and 
adaptation in their plans. This concern, amid the global climate 
change policies, was not adequately addressed in the plans. 
An unlikely and unplanned coalition of outside actors had 
formed with the aim of ensuring that the port is accountable 
for their actions and that their developments are in line with 
environmental legislation, climate change adaptation and 
mitigation policy. The regime actors had not learned from 
the past developments and their destructive nature, hence 
the emphasis on the environmental factor. This interaction 
resulted in a transformative path where due to an insufficiently 
developed innovation, the outside actors had the capacity to 
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use legislation to modify the direction of the development and 
innovation activities of the port regime. Simply, Pier 203-205 
was rejected in 2011/12, prompting the port to redesign and 
address the concerns. For this, they needed to consult with 
outside actors like scientists and the environmental NGOs 
for their second attempt to be successful. The DDOP was an 
innovation that was conceptualised in the mid-990s but only 
proposed in the late 2000s. The DDOP was to be built at the 
site of the old Durban airport, south of the present port site. 
The innovation was well structured and aimed to alleviate 
pressure at the current port and increase capacity at the new 
location. To date the project has been “put on ice”. This port 
innovation followed the technological substitution pathway. 
The lack of finance to support the project was a landscape 
pressure that shocked and led the regime port actors to re-
think the development. In the background, landscape pressure 
concerned with environmental legislation and potential cost 
of ecosystem destruction were tabled. The financial shock 
results in major regime tensions in the port which resulted 
in them temporarily sacking the project and rather tacking 
on other projects that are less expensive but will rather 
contribute to increasing the present ports efficiency. Simply, 
the regime actors had to explore substitutions from the niche 
innovator actors that could be implemented in the port. 

Conclusion 

Timing and interaction criteria of the MLP has shown that 
the ports neglect of environmental (coastal) management, 
and climate change adaptation and mitigation in their planning 
disrupts their regime. The actors outside the port regime and 
landscape legislation play an important role in ensuring that 
regulations are adhered to and that port development is 
sustainable. Innovators in the outside niche-innovators would 
like to help the port to improve their planning strategies, 
however it is not easy to do so due to the bureaucracy. The 
port can take advantage of interaction, by including some of 
the key outside actors in their regime and niches to help 
them plan better and not in a silo. 
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Background 

Cities and industries have developed adjacent to ports 
for proximity to trade and transport nodes. At the 
boundary of land and sea are two systems, acting as 
centres of exchange where different economic activity, 
cultures and environments meet, (Xiao et al., 2016). Their 
coexistence has been characterised by development 
limits and conflicts based on geography, environment, 
limited space, social justice issues, ecological habitat 
loss, air quality problems, coastal erosion and traffic 
congestion etc. The systems overlap, resulting in negative 
and positive interactions (Xiao et al., 2016). They 
have a community of actors with their own agendas, 
perceptions, interests and values on development and 
operate within formal and informal rules and structures. 
Their interactions influenced by political economy and 
legislation change with time, affecting approaches to 
development and planning. The port is an important 
node in the economy of Durban and South Africa 
(Nemai Consulting, 2013; Maharaj and Mather, 2014). 
Cost efficiency and business competitiveness as the 
“port of choice in southern Africa” drive the port to 
keep abreast with technological developments in the 
international maritime industry. It also requires the 
city to supply land for industries, warehousing and 
storage facilities, an efficient road and rail network 
into the hinterland and a skilled workforce. Planning 
and development play are important in determining 
where each function or operation is zoned, ensuring 
cargo transport and trade are as efficient as possible. 
Historically urban development in Durban has, favoured 
macro-economic benefits of industry and the port, with 
little consideration for the environment (ecology) and 
society at large The Transition Management (TM) for 
sustainable development approach is used to examine 
the port city of Durban. It is based complex adaptive 
systems and provides tools and techniques to analyse 
and guide actors towards solving persistent problems 
(complex, multigeneration problems that cannot be 
solved with one solution), dealing with uncertainty 
using elicitation, radical innovation, frontrunners and 
selective participation. It is a societal movement towards 
sustainability. Its application to the port city of Durban 
has the potential to change the current approach by 
emphasising the role of frontrunners, need for radical 
innovation and a space for experimentation that 
creates learning opportunities to improve planning 
and development towards long-term sustainability. The 
objective of the study was to examine the actor relations 
in Durban and then design a project-oriented guideline 
for the port and city to use in project planning that will 
support a cooperative relationship based on transition 
management. 
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Methods 

To develop the context a historical review of port city 
planning was conducted, with emphasis on the role of 
environmental policy and legislation. National, local and 
port policy relating to (coastal) development, planning and 
environmental protection and conservation were analysed 
within this context. Actors involved in planning and 
development from the port and city, civil society groups, 
scientists, consultants private sector representatives and 
NGOs were interviewed. Actors outside the port and city 
were selected based on involvement in public participation 
during impact assessments and their role in port 
committee meetings. Multi-Level Perspective embedded in 
Transition Management and grounded theory were used 
to analyse data. 

Results 

From a historical perspective, the actor roles in planning 
and development of the port and city transition due to 
changes in the political economy. Historically actors were 
seeking allegiance or funding from national government; 
the economical orientation finally led to the deteriorating 
ecological landscape of the coastal zone. From the mid-
1990s efforts for developing policy and legislation in a 
more participatory way became more consistent and 
persistent. A societal transition was underway, with 
front runners from different actor groups taking the 
lead. In the port city, the eThekwini Municipality is a 
frontrunner in environmental management and ensuring 
developments, that don’t compromise the environment. 
Environmental NGOs and Civil Society are the other 
frontrunners in ensuring that social and environmental 
justice is addressed in planning and development. 
These actor groups believe that the port authority 
is unwilling to adapt to the environmental changes or 
acknowledge climate change is real, they have referred 
to them as “climate denialists”. Environmental policy and 
legislation in South Africa have changed the approach 
to development. However, it is argued by developer 
and port actor groups that the processes lengthen the 
planning and development process, which makes things 
more expensive in the long term. Contrary to this, 
NGOs, scientists and civil society groups believe that if 
the developers, port and city would involve them from 
project inception, the environmental procedures would 
not take as long because many issues would have been 
dealt with and addressed in the beginning. 

Conclusion 

The relationships in the port city are dynamic and have 
changed over time. The socialeconomic relationship is 
well established with minor problems, however there’s 
an opportunity to improve the social-environment 
relationship between the port and city. The willingness of 
the actors to participate is an alternative way this can be 
achieved. In TM experimentation is an important process. 
However, in systems such as the port where projects 

are to the value of millions and infrastructure lifetime is 
essential, experimentation may not be an option, realistic 
and adaptive planning is. At city level opportunities for 
experimentation at the project level are plausible. However, 
these need to be well managed and effective, with tangible 
long-term learning outcomes that are aligned with national 
development framework, globalisation, environmental and 
social justice. The port and city, due to their geographic 
proximity need to find a common ground to improve 
governance in the development and planning realm. Trust, 
management changes, silo thinking, and piecemeal planning 
are challenges identified in Durban. These hinder processes 
of participatory, cooperative and long-term planning that 
involves all the actor groups. To lessen the burden on 
the Impact Assessment process, experimentation with 
the transition management for sustainable development 
framework can be conducted on a project basis by 
the port and city, before attempting to use it on bigger 
projects. Transition management is an alternative to the 
current working structure has the potential to transform 
development processes and have long-term results that are 
sustainable socially and environmentally. 
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Background 

The southernmost mangrove forests in Africa are 
located in the Western Indian Ocean (WIO), alongside 
important coastal ecosystems such as seagrass meadows 
and rocky shores. Our understanding of the vast 
biodiversity within these hotspots is limited by the 
typical issues that we face when describing biodiversity. 
Traditional monitoring methods are costly on resources, 
and a certain level of taxonomic expertise is required to 
assign taxonomic identities, especially for cryptic species. 
It is difficult to capture the diversity of rare fishes or 
those that inhabit inaccessible areas such as mangrove 
forests due to the mere logistics of encountering and 
sampling such organisms. Biodiversity surveys are also 
unlikely to be carried out frequently enough to represent 
contemporary changes in fish biodiversity due to the 
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costs associated with sampling and identifying fishes. The 
management of marine resources therefore relies largely 
on ‘older’ datasets or on fish catch data, the latter of 
which is not representative of fish biodiversity for various 
reasons. Here we propose a biodiversity monitoring 
method that can be carried out more regularly and 
rapidly than traditional fish monitoring methods with 
increased feasibility and less reliance on taxonomic 
expertise. Our research uses an environmental DNA 
(eDNA) metabarcoding approach, whereby freefloating 
DNA in coastal waters can be sequenced and matched 
to known DNA sequences to produce taxonomic 
diversity estimates. Previous eDNA studies have been 
successful in describing fish biodiversity in a range of 
habitats globally, and it is now necessary to validate this 
method in the WIO to update our understanding of fish 
biodiversity in the region. 

Methods

Water samples were collected from aquarium tanks and 
from the intertidal zone of various coastal ecosystems 
in South Africa, including mangrove forests, seagrass 
meadows, rocky and sandy shores and estuaries. All 
samples were processed at Stellenbosch University, Page 
2 of 2 South Africa. DNA was extracted from the water 
samples in a decontaminated environment using the 
Qiagen DNeasy Blood and Tissue kit, and amplified in a 
two-step PCR protocol with universal 12S MiFish PCR 
primers. A total of 96 samples were multiplexed on a 
single Illumina MiSeq run, including negative and positive 
controls, and the resulting data was processed using 
bioinformatic pipelines (including the MiFish Pipeline). 
These methods generated operational taxonomic units 
(OTUs) that were assigned to a taxonomic identities 
based on 12S mitochondrial sequences in existing 
databases (including NCBI and MitoFish). Taxonomic 
diversity was described for each water sample, and 
compared with expected fish diversity across habitat 
types, bioregions and sampling seasons. 

Results

The eDNA metabarcoding method that we optimised 
here was able to successfully detect coastal fishes from 
both aquarium and natural sites in South Africa. Fish 
biodiversity was described for a range of intertidal 
ecosystems, including the southernmost mangrove 
forests in the WIO region. We generated fish biodiversity 
data for widely distributed habitat types over multiple 
seasons, using a single eDNA biomonitoring method. 
Results varied across the sites, with some widely 
distributed taxa detected along multiple habitat types, 
bioregions and seasons, and other habitat-specific fishes 
found within certain habitat types and bioregions. 

Conclusions

Monitoring biodiversity has many challenges, and here 
we provide the first WIO-specific validation for eDNA 
metabarcoding as a rapid solution for regular coastal 
monitoring. We generated the first eDNA-based 
datasets for coastal fish diversity in the region, using 
a method that successfully detected fishes without 
encountering the target organisms. This was carried out 
across multiple habitat types including mangrove forests, 
seagrass meadows, rocky and sandy shores. We have set 
a wide-scale baseline for coastal eDNA research in the 
WIO. It will now be important to continue utilising these 
molecular tools to better inform coastal management by 
generating datasets that will describe changes in coastal 
fish diversity on a regular basis. 

Keywords: intertidal biodiversity, marine eDNA, 
metabarcoding 

POSTER

Socio-economic assessment of the ecosystem 
services offered by the mangrove in the Bay of 
assassins, south-west of Madagascar 

MONJA MAHAENY THÉODORE1, TSARAHEVITRA 
JARISOA1, RAKOTOMAHAZO CICELIN2 
1Institut halieutique et des sciences marines (IH.SM), 
Université de Toliara, BP 141, Rue Dr Rabesandratana 
Mahavatse II, 601-Toliara, Madagascar
2Blue Ventures Conservation, 39–41 North Road, 
London, N7 9DP, United Kingdom 

Email: mmtheodoret@gmail.com

Generally, mangrove provides a goods and services for 
the local population. In the southern part of Locally 
Marine Managed Area (LMMA) of Velondriake, district of 
Morombe, Madagascar, the evolution of the surface loss of 
this ecosystem continues to increase over the years. This 
represents a loss of 13 ha from 1990 to 2000) and 339 
ha from 2000 to 2005. This degradation is largely related 
to the high population growth and a lack of knowledge 
about the importance of this ecosystem. The purpose of 
this study is to assess the direct use value of mangrove in 
order to raise community awareness of their importance. 
Household socio-economic surveys were conducted 
from March to April 2015 in the villages of Befandefa, 
Vatoavo,  Agnolignoly, Tampolove and Lamboara. The 
different types of good and services offered by mangroves 
have been identified. A total of 118 households were 
surveyed to estimate the quantity of their annual needs 
in the plant and the animal biomasses. Observable 
costs were used to estimate the local market value of 
mangrove products. 61% of the overall population uses 
mangrove. From which 67% are invertebrate fishermen 
and 52% use mangrove for the firewood, house building, 
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and fencing. Each household earns 993.6±183.2 kg/year 
from fishery corresponding 0.375±0.09 $/kg, resulting 
in a total of 372.6 $/year/household. The quantity of 
the wood harvested is estimated at 3.77±1.41 m3/year 
following the unit price of 14.06±2.81 $/m3 in total 53.01 
$/year. Thus, each household gain about 425.06 $/year. 
Mangrove provides 44.5% of their annual needs. Fishing 
is the most profitable activity and covers 87.54% of the 
benefits offered than cutting 12.46%. Cutting is the main 
cause of the loss of mangrove area. Building alternative 
livelihood activities would be an important tool to 
persuade a local population to adopt more sustainable 
management of their resources. 

Keywords: Assassins Bay, ecosystem services, 
mangrove, direct use value, management
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In South Africa, integrated coastal management (ICM) has 
been unequivocally established in policy and legislation as 
the framework within which environmental management 
and regulation in the coastal zone must be undertaken. 
As the ten-year anniversary of South Africa’s ICM 
legislation first taking effect approaches, the timing is apt 
to reflect qualitatively on policy, institutional, legislative and 
implementation milestones within the ICM space. Further 
investigation of the more nuanced socio-political aspects 
of the current ICM landscape is also urgently needed. 
Through in-depth dialogues with a range of stakeholders 
holding direct or indirect affiliations to ICM in the Western 
Cape province, this study delves into the experiences and 
worldviews of a cross-section of ICM role-players spanning 
civil society as well as the private, public and research 
sectors. Drawing on insights from political ecology, a 
discourse analysis approach is used to interpret the data 
and advance understanding of the following: 

• The congruency of different ICM role-player’s 
personal understandings of the ICM framework 

• ICM role-players’ opinions on the current state of 
ICM in the Western Cape

• The diversity and complexity of the knowledge 
space within ICM and 

• Some of the socio-political processes at play within 
the ICM framework and process related to decision-
making and knowledge inclusivity. 

Preliminary findings suggest that civil society role-players 
view the purpose and outcomes of ICM differently to 
role-players in other sectors such as policy authors and 
decision-makers, based on their personal understanding 
of ICM.  Views regarding the current state of ICM in the 
Western Cape are mixed and vary sectorally; while the 
knowledge space emerges as a site of contestation and 
meaning-making within the ICM landscape.  As such this 
research breaks new ground in qualitatively ‘taking the 
pulse’ of ICM in the Western Cape and has potential to 
contribute to the evolution of ICM policy in South Africa 
and further afield. 
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Sexual reproduction, flowering and fruiting of the tropical 
intertidal seagrass Halophila stipulacea in laboratory 
culture were compared with responses of the same 
clones in Kunduchi mudflats, Dar es Salaam, Tanzania 
in 2014. Under controlled laboratory conditions, H. 
stipulacea produced flowers and fruits continuously 
from April to December. Flower and fruit production in 
the intertidal mudflats was confined to the period from 
late August to early November. The possible effects of 
salinity, temperature and photoperiod were studied in the 
laboratory and monitored in situ. Of these, temperature 
was observed to be the main physiochemical parameter 
controlling the flowering period and fruiting of Halophila 
under ex-situ conditions; in the mudflats salinity was 
observed to be the controlling factor. Fruit development 
of H. stipulacea in the laboratory also indicated a higher 
temperature response. 

Keywords: in-situ and ex-situ; flowering and fruiting; H. 
stipulacea; Kunduchi mudflats

11th WIOMSA Scientific Symposium 333



POSTER
A Game Theoretic Model and Solution for the 
Malindi Ungwana Bay Penaeid Conflict 

MOSES WAMBUA 

Fisheries Officer & Graduate Student, State 
Department of Fisheries and Blue Economy- Kenya, 
Museum Hill, P.O. Box 58187, Nairobi 00200. 

Master of Fisheries Science (Social Science) Student, 
The World Fisheries University Graduate School, 
Pukyong National University, South Korea. 

Email: wambua.moses@gmail.com

This is an empirical analysis of the Malindi Ungwana 
Bay prawn fishery in the coast of Kenya. A resource 
allocation problem is at the heart of the conflict between 
artisanal and commercial trawlers exploiting the prawn 
fishery in the bay. The Prawn Fishery Management plan 
by the government has not been fully implemented 
given its various shortcomings, leading to resource rent 
dissipation, stock externality, overfishing and a suboptimal 
fishery. Analysis of catch and CPUE data indicates the 
presence of important interactions between the fleets. 
Fisheries economics and game theory are applied 
here as the theoretical basis for solving this problem. 
Bioeconomic modelling is used to assess the status of 
resource utilization and profitability of the fishery.  A 
two-player game theoretic model is then used to model 
the interaction between the fleets and to estimate an 
optimal resource allocation. This study confirms that 
the fishery is operating sub-optimally. In the author’s 
estimation, there are higher profits for cooperation 
than for non-cooperation among the fleets. These 
profits are obtained at comparatively lower levels of 
catch and effort and with better efficiency ratios in 
cooperation than in the non-cooperation scenario. 
Policy recommendations on optimal solutions to the 
conflict have been made. Management strategies for the 
maximization of resource rent and the sustainability of 
the fishery have also been suggested. 

Background 

The prawn fishery at Ungwana Bay is a domestically shared 
stock targeted by artisanal fishers and semi-industrial 
prawn trawlers as the main players. The trawlers always 
exhaust their prawn share early while the share targeted by 
artisanal fishers is still healthy. Previous studies have been 
confined to addressing the conflict through attempting to 
identify the gaps in various laws and policies in place. There 
is little that has been done or documented about the 
strategic interactions of the stakeholders in this fishery. 
The main objective was to determine whether some 
change in the management policy for the prawn fishery 
might better manage the conflict between artisanal fishers 
and semi-industrial prawn trawlers in order to increase 

the social and economic benefits obtained from the 
fishery while ensuring its sustainability.  A game-theoretic 
bioeconomic model of the fishery is developed and used 
to simulate scenarios in the fishery while evaluating the 
potential benefits to each group of participants in the 
fishery for non-cooperative and co-operative strategies.  
The analysis is used as the basis for recommending viable, 
optimal management strategies that will increase benefits 
to all parties while ensuring sustainability of the resource. 

Method 

Using historical catch- effort data, biological parameters 
for the fishery are estimated using a linear regression 
method that does not involve an equilibrium assumption. 
These estimates are then further refined using a time-
series estimation method. Economic parameters are 
inferred from previous studies that have been undertaken 
about the fishery as well as from the current status. A 
surplus production model based on the work of Gordon 
(1954) and Schaefer (1957) is then developed for the 
fishery. This model is then applied in a two player game-
theoretic framework to model strategic interactions 
between the players in the fishery and to simulate how 
the fishery responds to different scenarios of interaction. 
Game theoretic simulations are performed for the two 
different scenarios. In the noncooperative case, it is 
assumed that the players seek to maximize their own 
individual objective function. The maximization is subject 
to the actions of the other player. In the cooperative 
solution, the assumption is that players collaboratively 
agree on the amount of fishing effort to be exerted by 
each fleet in order to maximize a joint objective function, 
which is the total profit of the two fleets. 

Results 

Estimates of biological parameters are obtained and 
estimates of the prawn biomass evolution over time are 
made. These are then used to compute the maximum 
sustainable yield and the maximum economic yield of the 
prawn fishery based on each fleets. The results from the 
biomass estimations and the static bioeconomic model 
are used to find the solution to the game theoretic 
model. Higher profits are obtained under cooperation 
of the fleets than under non-cooperation. These profits 
are obtainable from lower levels of catch than those for 
non-cooperation and at better efficiency levels. Threat 
points for the fleets are determined. 

Conclusion 

Effort levels in the fishery have been high while 
profitability and efficiency have remained low. There has 
been certainly been resource rent drain. There are clear 
strategic interactions between the fleets in the fishery. 
Optimal management strategies of the fishery should 
consider the existence of these and explore measures 
that can be applied to ensure cooperation of the fleets 
in harvesting of the prawn resource while being equally 
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responsible in the exploitation of the resource. Property 
rights based fisheries management is recommended 
for this fishery given that it will promote responsible 
resource stewardship and is associated with maximized 
economic rents. The property rights could be in the 
form of community based fisheries rights or individual 
transferable quotas. A recommendation is made for 
revision and review of the existing prawn fishery 
management plan and other related legislations and 
management measures applied in the fishery. This should 
then be followed by provisions for enforceable incentives 
that allow for co-existence of the fleets, co-ownership 
and co-management of the shared prawn resource.
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Coastal areas are very susceptible to environmental 
problems arising from global climate change and 
variability, such as sea level rise, coastal flooding, increased 
frequency and intensity of extreme events, and changes in 
marine ecosystems. Consequently, coastal communities 
are the most exposed group to the potential impacts 
of climate change. The significant dependence on marine 
living resources as a source of income, food security and 
nutrition in the fishing communities along the coastline 
contributes to the vulnerability of these communities to 
the impacts of climate change. Despite the outstanding 
efforts made in South Africa to seek evidence of climate 
and environmental change along the coast and to study 
the impacts of climate change, the wild coast remains 
understudied. The wild coast is located along the east 
coast of South Africa and is associated with frequent 
rogue waves and very strong currents, which create a 
hostile environment for research vessels and mooring 
deployments that make observations to monitor the 
environment here. Moreover, the wild coast region 
is generally remote with irregular terrain. This raises 
difficulties for installation and maintenance of scientific 
instruments to collect long term data. As a result, the 
observational data of marine-related climatic variables 
seems poor. Most of the scientific studies investigating 
climate change and variability along this coast tend to 
be based on satellite or modelled data or limited area 

studies. Despite the importance of these studies at 
a broader spatial and temporal scale, smaller scale 
processes which impact the coastal communities, such 
as upwelling, remain unclear. The marine resource users 
in the fishing communities along this coastline show 
long term dependence on the marine living resource 
and have found a cornerstone of food security, medical 
care and a recreational space at sea. Local resource users 
in these communities live a day-to-day experience of 
interacting with the sea, which goes back to a minimum 
of three generations. This study aims to capture the local 
knowledge of the fishers about climate and environmental 
change based on their own observation, perception, and 
experiences since the beginning of their fishing livelihood, 
to provide a downscaled historical observational 
data along this coast. Also, the comparability and the 
variability of the fisher’s knowledge with the traditional 
scientific findings is questioned. A participatory 
approach is used in the case study of Tshani-Mankosi 
community to engage local resource users in describing 
the climate and environmental changes as witnessed in 
their community. This study used a broad methodology 
including information interview and an adopted version 
of the Rapid Vulnerability Assessment (RVA) designed 
for climate change vulnerability assessment in the small-
scale fisheries context along the west coast of South 
Africa. The Local knowledge of fishers is investigated in 
parallel with the recent scientific findings about climate 
and environmental change along the east coast of South 
Africa. The results show that fishers in Tshani-Mankosi 
have observed some changes in the rainfall patterns, sea 
surface temperature and winds in the context of their 
fishing livelihood. According to the fishers, sea surface 
temperature and rainfall seem to have decreased while 
winds and rainfall related extreme events have increased. 
Similar observations were noticed in the scientific 
findings. However, the knowledge of the fishers is more 
finely detailed and contextualized. Moreover, the local 
ecological knowledge of the fishers has proven to be 
intertwined with the social aspect of their livelihood. 
As a result, it provides a detailed understanding of the 
complex environmental problems at community level. 
Meanwhile, the more traditional scientific studies are 
useful in explaining larger scale environmental problems 
faced by the society in a systematic way. A potential to 
co-produce knowledge about climate and environmental 
change between scientist and resource users exist in the 
fisheries context. This would be beneficial in ensuring 
environmental stewardship from the locals, assist in 
the planning and implementation of climate change 
mitigation and adaptation strategy. Furthermore, the 
local knowledge of the fishers could be of help in the 
prioritization of the drivers of change that need to be 
observed closely as well as shaping scientific research 
questions and hypothesis that address small scale 
processes that could have otherwise been overseen. This 
methodology could be used in other fishing communities 
on the eastern border of southern Africa. 
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Background

Continental margins can be defined as transition zones 
between continents and oceans. They are complex 
physiographic, geological and biological environments. 
One of the widespread topographic features that 
cross the continental margins in all our oceans are 
submarine  canyons. Characterised by a complex and 
steep topography, submarine canyons have the  ability 
to influence current patterns and also provide a 
heterogeneous set of habitats.  Submarine canyons also 
play an important role in providing goods and services 
to human  population. Most importantly, these goods and 
services include supporting fisheries. The  evidence of 
higher complexity and species abundance, biomass and 
diversity around canyons, compared with areas away 
from canyons is emerging and points to canyons being 
hotspots  for biodiversity. Off the eastern seaboard 
of South Africa, especially the coast of KwaZulu-Natal 
(KZN), the heads of the numerous deep canyons that 
are carved into the shelf edge emerge relatively close 
inshore (<20 nm offshore). This suggests that the 
ecological role of these canyons may be important not 
only to the deep-sea environment that they extend 
down into, but that they may also be strongly connected 
ecologically to the adjacent inshore zones. Being close 
to the shore also suggest that these canyons are easily 
accessible by small boats and there is  evidence to 
suggest that they are actively targeted for both pelagic 
and demersal fishing.  Regarding marine geology, the east 
coast submarine canyons have been mapped, however, 
very little research has been focused on the ecological 
functioning of South Africa’s  submarine canyons. Thus, 
the importance of canyons for biodiversity, conservation 
and the  provisioning services that they support is not 
well understood. The aim of this study is to then  generate 
an understanding of the role of canyons in influencing 
fish community structure at  the continental shelf edge.  

Methods

This study was carried out at iSimangaliso Wetland 
Park (IWP) on the northern part of KZN along the 
east coast of South Africa. Samples were collected using 
pre-calibrated baited  remote underwater stereo-video 
systems (stereo-BRUVs). Each system consisted of two 
High Definition (HD) video cameras within waterproof 

housings. A bait arm with 0.8-1 kg crushed sardines in 
the bait canister was attached prior each deployment. 
Stereo-BRUVs were  deployed by boat and filmed on the 
sea floor for a period of 1 hour. Two sets of data were  
then obtained.  The first dataset is of three canyons 
(Wright, Diepgat and Levens) and their adjacent areas, 
sampled at three specific depth zones (60 m, 80 m and 
100m). Each canyon had 6 stations, 3 at the canyon 
head and 3 distant from the canyon (one station per 
depth). Furthermore, three replicates which were 500m 
apart were then obtained in each station. A total of 54  
deployments were made for the first dataset. The second 
dataset was obtained from only one  canyon (Wright 
canyon) but at a broader depth range of 60-240 m and 
once again sampling  was done on the canyon head and 
at adjacent areas.  A total of 52 deployments were made 
for  the second dataset. Even though the second dataset 
was obtained in a canyon that was included in the first 
dataset, it is temporally distinct and this will allow the 
theory to be tested  in two independent dataset that 
differ in terms of depth range and number of canyons.  
Video footage of each station visited were analysed using 
the Event Measure software to  yield the measure of 
fish assemblages structure including species composition, 
abundance and size structure. Habitat data of each site 
visited were obtained from each stereo-BRUVs  sample 
using the Transect Measure software programme.  

Results

The present study is the first that aims to compare the 
distribution of fishes within submarine canyons versus 
an adjacent area on the continental slope of the South 
African Indian Ocean. The preliminary results of this 
study suggest a canyon effect where there is higher fish 
abundance and richness in the canyon site compared to 
the site distant from the canyon at  shallower depths. 
However, the fish abundance and richness becomes 
more or less the same at both the canyon site and 
the site distant from the canyon as you move deeper 
(continental slope).  

Conclusion

Results presented on the influence of canyons on the 
diversity and structure of benthic  assemblages occurring 
on the continental shelf edge, will contribute to a 
comprehensive  documentation of benthic fish that inhabit 
these canyons. These findings will further contribute to 
understanding the importance of submarine canyons 
as biodiversity hotspots  that are ecologically linked to 
inshore areas. Lastly, these results will aid in understanding 
the variability amongst submarine canyons, which will 
support the design of the Marine Protected Area (MPA) 
network and zonation of individual MPAs that include 
canyon heads.

Keywords: Marine, fisheries, submarine canyons, stereo 
BRUVs, fish assemblages, KwaZulu-Natal  
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Background and Introduction 

The Republic of South Africa endorsed and pledged 
to support the Intergovernmental Oceanographic 
Commission of UNESCO (IOC) initiative to collect data 
and information in the Indian Ocean basin.  This five-year 
long programme was known as the Second International 
Indian Ocean Expedition (IIOE-2), where all countries 
and several institutions around the world were requested 
to contribute towards this major programme of the 
IOC. Seeing it as a good opportunity to collectively 
participate in a programme that would benefit the whole 
East African countries, the Government of South Africa 
supported the proposed programme as it would spur the 
collection of baseline oceanographic data for the Indian 
Ocean, particularly around the countries and small island 
states that have never had baseline data collected around 
their marine environment. The RSA, through its National 
Department of Environmental Affairs announced to 
undertake a 30-day regional cruise in October 2017 
aimed at conducting research whilst developing scientific 
and technical capacity to the participants. 

Methods and Results 

The call for application to participate on the cruise was 
advertised to the global community in August 2017, with 
a closing date for applications set for mid-September 
2017. The cruise was undertaken between October and 
November 2017 onboard the SA Agulhas II. The various 
scientific disciplines represented included chemical-, 
biological-, physical oceanography, meteorology, marine 
pollution, marine mammals and seabirds and marine 
geology. More than 200 applications were received, and a 
total of 83 applicants were accepted to participate. Being 
a first cruise of its kind, the cruise contingent consisted 
of almost 30 experts and 50 trainees originating from 9 
countries participated on a 30-day cruise onboard the 
South Africa’s II research and supply vessel called SA 
Agulhas II, which was divided into four legs and traversing 
through territorial waters of three countries bordered by 
the Indian Ocean. The cruise also had four (4) port calls, 
where outreach and awareness events were undertaken. 
Due to its nature in the region, the cruise received a lot 
of print and visual media coverage through the various 

countries.  Almost 15 media articles regarding the cruise 
were produced. Scientifically, a total of 131 research 
stations were occupied between the inshore until offshore 
regions extending from South Africa until to the northern 
extent of Tanzania. Thousands of biological, chemical 
and geological samples were collected and analysed at 
different laboratories. The trainees were trained in their 
respective chosen disciplines, to such an extent that at the 
end of the cruise, they were able to deploy instruments, 
extract oceanographic data and samples as well as do basic 
analyses and interpretation of the observations. Different 
seabird species and various marine mammals were sighted 
along the cruise track. 

Conclusion 

The total estimated amount spent on the cruise was 
ZAR13 million (2017 South African Rands at an exchange 
rate of ZAR14=US$1). Although the cruise was considered 
a resounding success, it also had its own logistical, 
technical, diplomatic, medical and social challenges, some 
being experienced for the first time, as it was the first time 
that the SA Agulhas II had sailed further north of Durban. 
Participants indicated that they had had good experience 
onboard and were able to learn a lot in a short space of 
time. Some collaborations amongst early-career scientists 
and technicians were established, with trainees managing 
to identify potential supervisors for their subsequent 
postgraduate studies. The administrative activities related 
to organizing a regional cruise of this magnitude cannot be 
detailed, however, the presentation seeks to provide details 
and challenges related to organizing a major research 
cruise of this magnitude where there are differences in 
age, language, religion and scientific disciplines. Despite 
these differences all logistics were well-coordinated 
within a short space of time to ensure a successful cruise. 
The objective of the presentation is to detail, as much as 
possible, challenges, achievements and lessons learnt in the 
logistical arrangements involved in organizing a successful 
regional cruise that traverse three or four countries. 

POSTER

Gender Roles in Climate Change Adaptation of Crop 
Production in Kwale County Kenya 
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Kwale County like most of coastal Kenya, is endowed with 
monsoon climate, thus supports a rich diversity of flora and 
fauna. However, the area is susceptible to climate change 
impacts due to the changing weather patterns in the region. 
Temperatures have over time been increasing and rainfall 
decreasing as its patterns becomes more unpredictable. 
This has had major negative impacts conspicuously 
affecting the local population, which highly depends on 
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natural resources for livelihood. The widespread poverty, 
recurrent droughts, floods, inequitable land distribution, 
overdependence on rain-fed agriculture, and inadequate 
coping mechanisms all combine to increase people’s 
vulnerability to climate change. This phenomenon has 
subsequently affected the small scale farmers in the area, 
crop production yields have decreased over the years 
exposing the area to risks of food insecurity. Importantly, 
the extents to which these impacts are felt depend on 
adaptation and coping mechanisms of individual vulnerable 
groups. Women are perceived to be more vulnerable than 
men yet they have enough indigenous expertise that can 
help in coping to these climatic changes. On the contrary, 
the vulnerability and role of women in crop production 
and climate change has been overemphasized leaving out 
men as if they are have no role to play. It is on this scenario 
that this research sought to investigate the gender roles 
in crop production and in adaptation to climate change 
in Kwale county, Kenya. The study is anchored on three 
specific objectives namely:  To determine temperature and 
rainfall trends over the past 30 years in Kwale County; 
to access differential gender roles in crop production in 
Kwale county; and lastly; to compare gender roles in the 
adaptation of crop production to climate change in Kwale 
county. A descriptive survey was adopted benefiting from 
both qualitative and quantitative approaches to data. The 
unit of analysis constituted a total of 379 households 
adopted from Krejice and Morgan table of sample size 
and sampled through purposive sampling technique. Key 
informant interviews and focus group discussions were 
used to augment data from household surveys. Statistical 
analysis of climate data shows that temperature has 
gradually increased over the years at a cumulative rate 
of 0.020C. Rainfall trends posted a negative trend line 
with a regression coefficient of -2.801. The coefficient of 
determinant (R2) of annual rainfall was 1.60% which means 
there was a 2% variation in rainfall amounts over the years 
under study. Rainfall was characterized as being bimodal 
with large inter-annual variability. The study revealed 
societal gender discrepancies in view of vulnerability to 
climate change, with women being highlighted as more 
susceptible to vagaries of changing weather conditions 
leaving out men as perpetrators of climate change. 
Access to productive farm inputs such land and extension 
services, is generally hampered, hence women’s workload 
is increased which undermines their overall role in 
crop productivity and adaption to clime change. It is 
apparent that men are more likely to have access to these 
resources, the skills and power to use them and therefore 
may better equipped to adapt compared to women. Yet, 
their role in climate change adaption in crop production 
is minimal due to their engagement in other activities 
away from the farms. The study recommends government 
and stakeholder intervention through conservation and 
climate smart agriculture in the region and promotion 
of stress resilient crop varieties in the wake of climate 
change and variability. Forums deliberating climate change 
adaption issues should be enhanced with strict adherence 
to equal participation by both men and women as a best 
practice. 
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The Blue Economy is one of Kenya’s strategies to 
support increased socio-economic development and aid 
resilience to climate change. By harnessing the productive 
capacity of its waters, the marine environment provides 
the ability for resource diversification in Kenya helping 
to provide sustainable employment and livelihoods in 
coastal communities. Kenya’s fisheries sector accounts 
for approximately 0.5% of national GDP with variation 
in the species caught in inshore and offshore waters, 
sales prices, and fishers’ wages. While estimation of 
these direct economic benefits are fundamental to 
understanding and managing Kenya’s fisheries resources 
and sector, there are wider economy impacts that are 
also worth considering especially if these sectors are to 
grow and move towards sustainable development goals. 
Recent research undertaken in the UK has shown that 
the indirect economic value associated with the fishing 
sector can magnify a change in revenue by 250% and 
employment by 50%. It is unclear what this percentage 
is in Kenya. This study aim is to estimate the direct 
and indirect economic impact on the local economies 
from changes in fisheries due to climate change and, 
to estimate the multiplier effect as the state of the 
marine environment is also beginning to change due to 
a variety of pressures including over exploitation and 
climate change. The study sites include Ngomeni, Amu, 
Shela, Kiwayuu and Kizingitini where both quantitative 
and qualitative research methods used in this study 
included household surveys, focus group discussions 
and interviews with key stakeholders and informants to 
understand the perceptions of the fisher communities 
on fish catch trends, climatical changes, livelihood options 
and the adoptive capacity. Further a regionalised input-
output (RIO) table was produced for Lamu County in 
the Northern Bank area of Kenya. This was developed 
using earlier productions of the table at a national level 
and scaled down by regional data that was available 
through statistical records and collected by local 
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partners. Preliminary results indicate that the value of 
Kenya’s fisheries that was recently reported highlighted 
the differences in direct economic benefits of offshore 
and inshore fisheries’ and ranges in incomes of ringnet 
fishers, foot fishers, hand liners and boat owners. These 
economic assessments provide essential information 
for fisheries management measures, however they do 
not include indirect impacts. So far, the RIO tables have 
been used to estimate the direct and indirect economic 
impact on the local economies from changes in fisheries 
due to climate change. The direct and indirect impacts 
provide insight into the wider economic impact of the 
reliance on natural resources and is proving useful for 
structural regional development that aims to ensure 
resilience and adaptive capacity. The indirect impacts 
associated with fisheries within the case study area are 
significant in the region’s economy. Additionally, estimates 
of revenue and employment (or a more suitable index 
such as sustainable livelihoods) will be undertaken to 
provide a useful and common metric that can be used 
to measure economic growth and progress towards 
the sustainable development goals. Analysis will also be 
carried out under different climate change scenarios to 
highlight how the research results of indirect impacts 
can prove insightful in informing the type of adaptive and 
mitigation strategies to be used in developing a resilient 
and sustainable Blue Economy for Kenya. Given the 
preliminary results generated so far, this study advocates 
for additional insights of the fisheries sector by taking 
an economy-wide perspective where the indirect values 
are also considered. Indirect values includes the benefits 
enjoyed by the fisheries’ ancillary sectors such as suppliers 
(e.g. boat maintenance) and third party sectors (such as 
other food retailers) which do well economically if the 
fishing sector is thriving. The outputs of the research will 
contribute to blue growth discussions and highlight the 
need to include climate change impacts to better manage 
adaptation strategies from a whole-economy perspective 
into the future. 

Keywords: economic assessments, adaptation 
strategies, multiplier effect, indirect impacts, blue growth 
discussions 
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Background 

Biomass is the primary source of energy of the poor 
in many developing countries. The main biomass 
used is firewood that is felled from either natural or 
plantation forests. However, the environmental impacts 
of fuelwood consumption are adequately neglected 
by authorities and conservationists. This is probably 
because fuelwood consumption is of less concern 
compared to other causes of biodiversity loss such as 
deforestation and habitat conversion. In the rural village 
of Gazi Bay, Kenya, where this study was undertaken, the 
quantity of wood products harvested for cooking is of 
concern as it is more than the amount harvested for 
the building. The high demand for domestic fuelwood is 
coupled with the use of traditional stoves of low energy 
efficiency. The consequence of these is high wood fuel 
consumption; increased indoor air pollution; and high 
pressure on natural mangrove forests that is adjacent 
to the community. Use of improved cooking stoves has 
the potential to reduce the consumption of biomass 
energy by 50%, lower emission of greenhouse gases 
(GHG), and also decrease indoor air pollution. This study 
aimed to assess the use of improved stoves as a method 
of reducing mangrove forest harvesting and kitchen 
emissions during cooking. 

Study approach and methodology 

The study targeted two villages of Gazi bay in the south 
coast of Kenya. The combined population of the villages 
is about 6000 people majority being artisanal farmers 
and fishermen. A household survey was carried out in 
250 households, in order to determine the composition 
and sources of wood products, the cooking appliances 
used, community health, and levels of education. Some 
30 households were randomly selected and used to 
determine average daily firewood usage. The amount of 
carbon monoxide (CO) and nitrogen oxide (NO) were 
also measured in these houses using passive diffusion tubes. 
The particulate pollution at PM2.5 was also measured 
during cooking using a DustTrak aerosol monitor. 

Results 

Some 95% of the community was found to depend 
on biomass for their cooking energy. Out of this, 84% 
of the population uses the traditional three stones 
cooking stoves. In each household, 22 hours per month 
were used in collecting wood. The CO concentration 
was 5.9ppm in 24 hours, and the average level of PM2.5 
during cooking was 10mg/m3. The household survey 
showed that 97% of the residents complained of the 
effects of using firewood which included; eyes problems, 
running nose, chest pain, headaches, and coughing. This 
impacts mainly affect the health of women and children 
who participate directly in the cooking. 
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Conclusion 

The current population dependent on the biomass for 
their source of energy especially forests such as the 
mangroves is very high especially in the developing 
countries such as Kenya. The largest number of those 
that use biomass energy use inefficient stoves which use 
a high amount of firewood and lead to high emissions 
of greenhouse gases. There is thus a need to introduce 
improved stoves which are more efficient to be able 
to reach Kenya NDCs emissions reduction targets 5.3 
MtCO2e by 2030. These stoves not only reduce the 
amount of emission to the atmosphere but also reduces 
the number of forest trees being cut for energy supply 
and the number of deaths caused by indoor pollution 
(14,000 Kenyans per year). 

Keywords: Mangroves, emission reduction, Biomass 
energy, improved cooking stoves, SDGs, Gazi bay, Kenya
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Background 

The use of fishing baits is a common practice mainly in 
recreational and artisanal fishing by communities in both 
freshwater and marine sector. The choice of the various 
types of baits that a fisher may choose to use is dictated 
mainly by the level of fishing, the target species and 
fish habitat. Along the Western Indian Ocean, common 
natural baits used by artisanal fishing communities 
include polychaetes, sea urchins, brittle stars, seaweeds 
and other selected invertebrates. The application of any 
of these baits is primarily determined by the fishing gear, 
target fish species, the habitat, the fishing season and the 
availability of the baits. While each of these baits play a 
role in determining the catch landed by the fishermen, 
it is the use of seaweeds that is the focus in this study, 
since seaweeds have been shown in other areas to play 
critical roles in animal nutrition, fish feeds, agriculture, 
and human nutrition as well as the pharmaceutical 
industries. To establish the basis for wide usage of 
different Seaweed Baits (SB) and to understand fish bait 
selectivity and preference, a study was carried out at 
Diani along the South coast of Kenya with an objective 

of investigating the influence of selected SB on landed 
Fish Species Composition (FSC), Catch per Unit Effort 
(CPUE) and trophic groups. 

Methods

Each fishing event involved the uses of a line transect 
set up with the help of local fishermen where they 
would normally place their basket traps parallel to 
the shoreline. This was done using a total of twelve 
locally made basket traps (‘dema traps’) of the same 
size (1.5mx1.3x0.6m), shape (hexagonal), made of the 
same wooden material and had a mesh size of 4.5cm. 
The experiment was carried out in four consecutive 
days in each of the months of October, November 
and December (North East monsoon) as well as April, 
May and June (South East Monsoon). Each basket trap 
was baited with approximately 1 kg of SB categorized 
as follows: first trap had mixed seaweed bait (MSB) 
of Laurencia papillosa and Ulva rigida; second trap had 
Laurencia papillosa, the third with Ulva rigida, the fourth 
with Chaetomorpha crassa, the fifth had Gracilaria salicornia 
and the sixth trap was not baited (UB) and acted as 
the control. These seaweed baits were selected on the 
basis of the frequency of their utilization by artisanal 
fishermen in Diani in basket traps. The selection was also 
based on the information from local fishermen on their 
availability throughout the period of study and collected 
from the same sites for consistency. The traps were 
placed randomly at estimated intervals of 30 m along 
the transect line to avoid local depletion or to avoid trap 
avoidance. The starting point for each fishing day was 
chosen haphazardly. This quasi-randomization of fishing 
location enhanced the likelihood that daily catches were 
independent samples without auto-correlation. The 
traps were left in the water for 24 hours and retrieved 
every day for four days consecutively. The exact position 
of each basket trap was marked by a buoy. During each 
fishing event, traps were retrieved, hauled and emptied 
of all organisms, any remaining bait was removed and 
replaced by fresh bait. A new set of basket traps were 
used every month for the six months of study. All fish 
were identified to the lowest taxonomic levels using field 
guide based on the Western Indian Ocean fisheries and 
counted. The total length and weight were measured 
with a measuring board and weighing balance to an 
accuracy of 0.1cm and 0.1g respectively, all identified fish 
species were assigned to one of the following trophic 
groups; algal herbivores (HA), seagrass herbivores (HS), 
herbivores and planktivores (HP), benthic invertebrate 
feeders (BI), invertebrate feeders (I), invertebrate and fish 
feeders (IF), and omnivores (O). One-Way ANOVA was 
used to test for significant differences among treatments 
at 5% significance level. 

Results

A total of twelve (12) fish species representing 7 families 
and 2 crab species representing 1 family were landed in 

11th WIOMSA Scientific Symposium 340



this study. The fish species represented 7 trophic groups; 
a mixture of algal herbivores, seagrass herbivores, 
omnivores, planktivores, invertebrate feeders and fish 
feeders. The findings recorded in October show that 
Siganus sutor and Siganus rubroviolaceus were the common 
species recorded from the basket traps with the mixed 
seaweed bait. With the exception of G. salicornia and 
the Unbaited traps, each of the other basket traps 
attracted at least four fish species during the four days of 
sampling. The highest number of species were retrieved 
from the mixed seaweed bait trap where nine species 
were identified. In the same trap, the highest numbers 
of individuals were those of the algal herbivore S. sutor 
with more than 20 individuals counted. The L. papillosa 
baited trap had 5 species with the highest number of 
individuals being those of S. sutor and L. sanguineus. The 
MSB attracted species from 5 trophic groups including 2 
IF, 2 BI feeders, 1 HP, 3 HA and HS. The highest numbers 
of representatives were those of HA and HS. The highest 
CPUE was recorded from the MSB traps that had on 
average 2.5 kg/ trap/day. There were significant differences 
in CPUE (One –way ANOVA, p <0.05) between GS, the 
UB trap and the rest of the traps used in the experiment. 

Conclusion

A comparison between the catch from the baited 
basket traps and the unbaited traps shows that seaweed 
baits do play a significant role in the artisanal fishery 
in determining the landed fish species composition 
and CPUE. Apart from herbivores, the seaweed baited 
traps attracted other trophic groups represented by 
omnivorous feeders, invertebrate feeders, benthic 
invertebrate feeders, omnivores, planktivores and fish 
feeding species. This could be an indication that additional 
factors that do not necessarily relate to direct feeding on 
the seaweeds could have influenced the fish composition. 
The findings suggest that, some of the invertebrate 
and benthic feeding species such as those in the genus 
Lethrinus, Parupeneus and Lutjanus could be attracted to 
the seaweed baited traps to forage for invertebrates and 
other inhabitants of the seaweed community. Morpho-
functional characteristics and secondary metabolites 
could have been the key factors influencing the fish 
species attracted to a given seaweed bait.
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Background
The carbonate system is one of the most important 
systems in the ocean, primarily because of the role it plays 
in maintaining the pH of seawater within a narrow range. 
It plays the key role of acting as a buffer for the acidity 
of seawater and controlling atmospheric CO2. The rapid 
increase in atmospheric CO2 comes with unintended 
consequences for the global oceans. About 30% of CO2 
released into the atmosphere by humans is taken up by 
the oceans. As a result, the carbonate chemistry of the 
upper ocean is going through a considerable change. The 
pH has dropped by about 0.1 unit since the beginning of 
industrialisation in a process commonly referred to as 
ocean acidification. Ocean acidification is posing a huge 
threat to marine calcifying organisms since their calcium 
carbonate shells or skeletons are potentially susceptible 
to dissolution in acidic waters.

Method

Here we studied the distribution of the carbonate 
chemistry off the coast of Mozambique during the 
November 2017 IIOE-2 cruise and Tanzania during the 
June 2018 IIOE-2 cruise, with the aim of providing the 
spatial variability and its link to ocean acidification. The 
measurements of DIC and TA were performed on-
board the SA Agulhas II using a VINDTA 3C (Versatile 
Instrument for the Determination of Total Alkalinity) 
from Marianda coupled to a CO2 model 5012 coulometer. 
The carbonate species were calculated from DIC and TA 
using a CO2Sys_v2.1, in which the temperature, salinity 
and stoichiometric equilibrium constants for carbonic 
acid of Lueker et al. 2000, KHSO4 of Dickson 1990, pH 
total scale (mol/kg-SW) and boron concentration from 
Lee et al. 2010 were used. DIC and TA were normalised 
to a salinity of 35.

Results

The results show that DIC (Fig. 1) ranged from 1960-2090 
µmol/kg in the surface layers off the coast of Mozambique 
whereas the pCO2 ranged from 350-750 ppm, pH ranged 
from 7.8-8.1 and Ωarag ranged from 2.39-3.65. DIC in the 
surface layers off the coast of Tanzania ranged from 1950-
2154 µmol/kg whereas the pCO2 ranged from 365-960 
ppm, pH ranged from 7.7-8.1 and Ωarag ranged from 1.94-
3.75. DIC off the coasts of both Mozambique and Tanzania 
increased sharply offshore in the thermocline region and 
exceeded 2250 µmol/kg below 1000 m depth. Aragonite 
saturation state offshore was under-saturated (Ωarag 
<1) below 1000 m whereas the pH fell below 7.8. The 
lowest pH found in offshore bottom waters off the coast 
of Mozambique and Tanzania was 7.6 and 7.7 whereas the 
lowest Ωarag was 0.79 and 0.58, respectively. Low Ωarag 
below 1000 m poses a threat to calcareous organism’s 
growth and survival.
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Conclusion

High Ωarag on the shelf indicate that the Mozambique and 
Tanzanian’s coasts were suitable habitat for calcareous 
organisms. Low Ωarag below 1000m poses a threat 
to calcareous organism’s growth and survival. Upward 
migration of aragonite saturation horizon may occur in 
the future due to accumulation of anthropogenic CO2. 
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Background 

Rufiji Delta is described by its largest mangrove forest 
in the country and East Africa coast. It comprise of 
about 50% of all mangroves in the mainland Tanzania. All 

mangrove forests in the country are designated as state 
forest reserves that should exclude human settlements, 
but, it is unique for mangroves of Rufiji Delta that host 
permanent legally established villages. People in the Rufiji 
Delta have depended on mangrove forest resources for 
their livelihoods, mainly harvesting poles for both local 
uses and as a commodity of trade, and conversion of 
mangrove stands for paddy cultivation. These mangrove 
forest uses create conflict of sustainable mangrove 
resource use versus conservation, that may attributed 
to information failure ascribed to a lack of awareness 
among users about the value of conserving such critical 
mangrove ecosystem. This community survey was set 
to measure and understand the perception of local 
communities and how that can inform appropriate 
community engagement towards effective and successful 
mangrove forest conservation initiatives in Rufiji Delta. 

Methods 

This study was conducted in the northern block of Rufiji 
Delta, which contain about 50% of the mangroves in the 
delta and where active pole cutting and conversion for 
paddy cultivation are practiced. Five communities were 
surveyed, which are; Mchinga, Mfisini, Kiomboni (Inner 
Delta villages) and Kikale and Nyamisati (land-based 
villages). A mixed approach was used to collect data on 
household characteristics, local uses of mangrove forests 
and community perceptions on mangrove management 
and conservation. Survey techniques combined household 
questionnaire survey (HQS) for quantitative data and focus 
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group discussions (FGD) and key informant interviews (KII) 
for qualitative data. A review of literature was also done. 
In each village, structured questionnaire was administered 
to 20 randomly chosen households; one FGD with 10 
representative community members (mixed gender and 
age) was conducted guided by a pre-prepared checklist of 
questions; KIIs were conducted with village leaders and a 
Forest Officer from Tanzania Forest Services (TFS). 

Results 

Local communities were asked to depict their perceptions 
on mangrove management and conservation statements. 
Of the 10 statements put forward, 8 were agreed by 
majority of the respondents. These were; the condition of 
mangroves has deteriorated in recent years (81%); it is the 
responsibility of all to conserve and protect mangroves 
(98%); there are mangroves management strategies in 
respective villages and they are happy with their presence 
(79%); if there is uncontrolled access to resources, 
mangroves will disappear soon (89%); the living conditions 
of people will improve if mangroves are conserved (93%); 
awareness and participation by local people in mangroves 
conservation activities is increasing (75%); community 
willingness to contribute to management and conservation 
initiatives is increasing (83%); and if given opportunity, 
would initiate a mangrove conservation group (83%). A 
statement that there is expansion of paddy farming in 
the delta received a low score of 46%, where as the one 
on stopping paddy farming around the mangroves was 
disagreed by majority 87% of respondents. This pattern of 
local perceptions denote that paddy cultivation is a critical 
livelihood occupation in the delta, but communities are to 
some extent aware and willing to participate in mangrove 
management interventions through participatory and 
collaborative approaches promoting co-existence to 
secure livelihoods and conservation. 

Conclusion 

Most of the respondents had a positive attitude and 
perception about mangrove forest conservation but 
they are hesitant to compromise on paddy farming in 
the mangroves in the interest of livelihood security. It 
is important to note that for successful conservation 
efforts an active participation from the local community 
is important and awareness and willingness should be 
cultivated and nurtured. Exploring for a best approach 
of involving mangrove resource users especially paddy 
farmers for sustainable conservation is warranted 
to secure co-existence over attempts to stop paddy 
farming. Propositions include intensive paddy cultivation, 
re-invention of closing and opening system for mangrove 
harvesting and empowering communities in enforcement 
of forest protection regulations.
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Background

The value of intact coastal ecosystems to the well-being of 
humanity is being increasingly appreciated. Valuable goods 
and services provided by coastal ecosystems include, among 
others the provision of food and water, cultural values like 
recreational activities, spiritual and traditional values, and 
regulating mechanisms and functions that mitigate the effects 
of climate change. Given their inherent value and relatively 
small extent, coastal systems are highly utilized. Key pressures, 
like: coastal development; mining; pollution; freshwater-flow 
reduction; and climate change, impact coasts such that they 
include some of the most threatened ecosystems. These 
threats lead to the degradation of ecological processes and, 
consequently, ecosystem service provisioning. To mainstream 
the ecosystem services concept into coastal conservation 
and natural-resource management, new strategies to spatially 
represent ecosystem services need to be developed. One 
possible approach is to use Ecological Infrastructure (EI), 
defined as ‘naturally functioning ecosystems that generate or 
deliver valuable services to people’. Therefore, we aimed to 
advance the need for new mapping approaches by adapting 
and testing the innovative EI concept in the coastal context. 
The main objectives of the study were to identify important 
ecosystem services in False Bay and Kosi Bay, South Africa, 
represent those services spatially as their underpinning EI, 
and assess the ecological condition of that EI. 

Methods

After selecting two South African study sites, one in False 
Bay (Cape Town, Western Cape) and and one in Kosi 
Bay (Umhlabuyalingana, KwaZulu-Natal), we conducted 
a broad literature review and created an ‘inventory’ of 
important ecosystem services and associated EI features 
for the two local coastal communities. In a second step, 
we spatially identified and assessed the local EI features 
using existing data layers on habitat types and ecological 
condition. We also evaluated the potential of service 
delivery by the EI based on scientific literature. 
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Results

Ecosystem services identified in the False Bay study area 
include protection of the coastal communities from 
storm events and erosion, water purification, nursery 
function and associated fish biomass production that 
supports recreational, commercial and subsistence 
fisheries, water storage and provision, production of 
plant and invertebrate biomass that serves as food 
source and traditional medicine, space and information 
delivery for recreational outdoor activities and religious 
or spiritual ceremonies and the delivery of information 
for environmental education and research. Associated 
coastal EI features are rocky reefs and kelp, sandy beaches, 
dunes, cliffs and estuaries. The majority of the coastal EI 
in the study area in False Bay is in poor or fair condition. 
Ecosystem services identified in the Kosi Bay study area 
include protection of the coastal communities from storm 
events and erosion, water purification, nursery function 
and associated fish biomass production that supports 
subsistence and recreational fisheries, water storage 
and provision, production of invertebrate biomass that 
serve as subsistence food source, space and information 
delivery for recreational outdoor activities and spiritual 
ceremonies, landscape and seascape information that has 
cultural heritage value and is perceived as sacred place, 
nesting ground for iconic turtle species that support 
tourism and nature-based education and information 
delivery that supports research. EI features in Kosi Bay 
are coral reefs, sandy beaches, dunes and estuarine lakes. 
In contrast to the False Bay study area, the majority of 
the EI located in Kosi Bay is in good condition. 

Conclusions

The method developed to map and assess EI features in 
False Bay and Kosi Bay is a successful approach to spatially 
represent coastal ecosystem services along the coast. 
The created maps are meant to form the foundation 
of further research on coastal EI in South Africa and 
worldwide. Our results allow coastal decision-makers 
to describe the value of coastal features, prioritise 
restoration efforts where improving the ecological 
condition of degraded EI could result in enhanced service 
delivery, and promote ecosystem-based management.
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Zavora is a remote fishing village located on the 
southern coast of Mozambique. Since 2009, the Zavora 
Marine Lab has been collecting baseline data on the 
presence/absence of fish species in the region. Using our 

personalized manta ID software, photo-identification 
has been a useful tool in determining the population 
structure of Zavora’s manta rays, and has allowed for 
long-term monitoring of both species (Mobula birostris 
and Mobula alfredi). More recently, we have furthered 
our research by collecting data using baited remote 
underwater videos (BRUVs) to determine the abundance 
and diversity of elasmobranch species found in Zavora 
Bay. Our overall goal is to determine the occurrence, 
abundance, and diversity of elasmobranchs in the 
region and highlight key aggregation areas that need 
protection and proper management. While Mozambique 
is considered a hotspot for threatened sharks and rays, 
there is a paucity of information on their seasonal 
and spatial distributions, the relative impact of human 
activities, or the effectiveness of marine protected 
areas (MPAs) for shark and ray populations – each of 
which are essential for developing and implementing 
sustainable use practices. Despite the known manta 
aggregation zone in Mozambique which extends from 
Bazaruto archipelago in the north to Zavora in the 
south, recent studies have identified a drastic decline 
in abundance through sightings records: 90% decline of 
Mobula birostris and 98% of Mobula alfredi. This sampling, 
however, was focused primarily in Tofo, 100km north 
of Zavora. Our research shows that Zavora still has 
a consistent seasonal manta ray aggregation between 
July and November, indicating that Zavora’s manta 
population may not be undergoing the same drastic 
decline as seen in Tofo. Despite facing numerous threats 
including Chinese harvesting of the gill rakers, bycatch 
from gill net fishing, and coastal development leading to 
increased boat strikes, habitat loss, and pollution; manta 
rays still remain unprotected in Mozambique. This 
highlights the urgency for protection of the species and 
their habitat, especially in Zavora where abundance is 
still relatively high. Further, our BRUV project aims to 
solve numerous data and knowledge gaps with regards 
to elasmobranch communities in south-eastern Africa. 
While Zavora can be considered a hotspot for sharks 
and rays, there is limited scientific data on the variation 
of their community structure, how this can be linked to 
different environmental factors, and the rational for and 
potential effectiveness of an MPA. Many of the species 
seen here by divers or by fishers are listed as vulnerable, 
threatened or endangered, and require conservation of 
functional habitats to prevent further population loss. 
Zavora maintains relatively un-impacted shallow and 
deep reefs, and as such provides a unique opportunity 
to monitor elasmobranch assemblages in healthy reef 
habitats. Our first deployment was in January 2019 
and to date, we have deployed a total of 21 BRUVs. 
Interestingly, no sharks have been recorded, however 
various ray species such as Rhynchobatus djiddensis, 
Neotrygon kuhlii, Taeniura meyeni, and Mobula kuhlii have 
been sighted. Although we are at the beginning stages 
of the project, we will continue to sample over the 
upcoming the months/years to assess long term and 
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seasonal changes. This project will provide key insights 
into the spatio-temporal patterns of elasmobranchs 
in Southern Africa and help us to better manage and 
monitor their populations in the future. 
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Mangrove ecosystems are highly biodiverse and help to 
mitigate climate change. They also provide critical goods 
and services to coastal communities. In Madagascar, Bay 
of Ambaro is one of the highest productive mangrove 
ecosystems contributing to several social, financial and 
environmental issues. Theses ecosystems have a great 
role in the local and national economy, and represent 
an important asset for the local community livelihood 
through fishing, wood and non-wood products. 
Nonetheless, mangrove forest is now showing clear 
signs of degradation. Thus, it is important to characterize 
mangrove degradation drivers and to evaluate their 
relative importance. The aim of this study is to assess 
and prioritize the main degradation driver in the study 
area in order to identify a hands-on management 
approach. So, in situ floristic inventories were carried 
out on 237 plots (10m x 10m). Dendrometric (height 
and diameter at the breast) and structural (density, 
diversity and natural recovery capacity) parameters 
were used to class mangroves using a hierarchical 
clustering on principal components (HCPC) with 
k-means consolidation method. Climatic parameters 
were extracted from WorldClim data (temperature, 
precipitation and wind speed), socio-economic data 
(main activities of each household and proportion of 
the household dependent on mangrove forest) were 
collected from focus group on 12 villages of the Bay of 

Ambaro and proximity variables (plot distance from the 
sea, villages, rivers and roads) were collected using free 
satellite images. A multiple-tree classification technique, 
namely Random Forest (RF), was adopted to model 
and ranks the responses of each mangrove degradation 
cluster to socio-economic, proximity and climatic factors. 
Three mangrove clusters have been identified by HCPC: 
i) high diversity mangroves, ii) high density and high 
natural recovery mangroves and iii) degraded mangroves. 
The RF results confirmed that factor importance varied 
across space, and the variability of proximity and socio-
economic factors were more pronounced. The furthered 
understanding of the heterogeneous importance of 
different factors on the degradation of mangroves help to 
support more sustainable forest management practices 
and the development of more effective policies regarding 
ecosystem conservation and economic development. 

Keywords: Mangrove degradation, random forests, 
variable importance, Bay of Ambaro, Madagascar

ORAL – Thursday, LT1, 1640

Using small scale fisheries landing site surveys to 
support conservation and management of sharks 
and rays in Mozambique

NASEEBA SIDAT1a,  JORGE SITOE1b,  STELA 
FERNANDO2c,  AVENE UETIMANE2d, EURICO 
MORAIS2e,  PATRICIO MARQUES3f, ISABEL MARQUES 
DA SILVA3g, FARUQUE JOAQUIM3h, HUGO COSTA1i, 
JAMES BAMPTON1j, RHETT BENNETT1k

1Wildlife Conservation Society 
2Instituto Nacional de Investigação Pesqueira de 
Moçambique
3Faculdade de ciências Naturais, Universidade Lúrio

Email: nsidat@wcs.org

Background 

The southwest Indian Ocean (SWIO) is a global hotspot 
for shark and ray diversity. In particular, Mozambique is a 
hotspot for species richness, with 119 species confirmed 
to date, including 65 shark species, 50 batoid species (rays, 
skates, sawfishes, wedgefishes, guitarfishes) and 2 chimaera 
species). Many of these species are endemic to the SWIO. 
However, Mozambique’s waters are also characterized 
by heavy fishing pressure, high numbers of threatened 
species and a high proportion of species classified as data 
deficient on the IUCN red list of threatened species – i.e. 
there is insufficient data on which to base conservation 
assessments for these species. Mozambique is therefore a 
particularly important area for shark and ray conservation. 
In Mozambique, as in much of the SWIO, there is inadequate 
species-level fishery data (particularly at artisanal level) to 
inform effective management. This study therefore aimed 
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to improve our understanding of shark and ray fisheries 
in Mozambique, through landing site surveys, with a focus 
on coastal (artisanal) fisheries. The surveys provide data 
on i) species captured, ii) important fishing locations for 
sharks and rays, iii) population demographics of species 
captured to identify potential mating, pupping, nursery or 
aggregation sites, and iv) seasonality of occurrence and 
seasonal trends in landings. 

Method 

The landing site survey were carried out once a week, 
in 5 sites of Mozambique by local partners (UniLúrio in 
Cabo Delgado and Provincial Delegations of IIP in the 
remaining sites): South – Maputo and Inhambane; Center 
– Zambezia; North – Nampula and Cabo Delgado. 
Data collectors used a mobile-phone app ODK Collect 
customized by UniLúrio, which they used to record 
information regarding i. Effort Data (gear used by the 
fishermen and spatial and temporal data), and ii. Catch 
Data (sharks and rays length, weight and some photos 
for species identification). 

Results 

In total, 111 sharks and rays were recorded in the five sites. 
These included 69 sharks from ten species, including the 
IUCN Endangered species Sphyrna lewini, Sphyrna zygaena 
and Stegostoma fasciatum, and the Vulnerable species 
Hemipristis elongata, Carcharhinus falciformis, C. obscurus 
and C. sorrah. In addition, 42 rays were recorded from 
eight species, including the IUCN Endangered species 
Mobula mobular and Vulnerable species Himantura uarnak. 
From the total number of sharks and rays recorded, 17% 
of sharks and 4% of rays were juveniles. 

Conclusion 

Overall, there were very few animals recorded, despite 
extensive fisheries, suggesting that populations of 
sharks and rays have been reduced. The high number of 
Vulnerable and Endangered species reported is of concern, 
as this confirms that Mozambique’s artisanal fisheries 
are impacting on threatened species. These landing sites 
surveys constitute a valuable resource to support the 
management of sharks and rays in Mozambique as they 
are some of the first long-term landing sites surveys in 
the coastal fisheries throughout Mozambique. The aim is 
to establish a long-term monitoring program and expand 
it to more sites along the coast of Mozambique, to 
allow the development of recommendations to support 
the conservation and management of sharks and rays 
in this country. As Mozambique is considered a globally 
important country for shark and ray diversity, improving 
knowledge and management of sharks and rays in 
Mozambique will have positive impacts in the WIO region 
as a whole. Another important innovation of this study is 
that it was carried out by WCS in partnership with the 
Government (IIP and several of its Provincial Delegations) 
and Academia (UniLúrio). Not only this allowed to create 

direct awareness and impact on the decision makers 
as it contributed to increase the capacity of those that 
are directly involved in the data collection, which had an 
impact on the quality of the information collected.
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As long lived top predator in marine pelagic ecosystems, 
billfish such as swordfish bioaccumulate high levels of 
mercury (Hg) with reported concentrations higher 
than in their fellows, tuna and tuna-like species, and 
exceeding from time to time the recommended safety 
limits. Billfish are thus among the more appropriate 
bioindicator species for monitoring and understanding 
broad spatial gradients of Hg contamination in the 
world’s oceans. Although occurrence of Hg in predatory 
fish from temperate regions is well documented, data are 
still missing in tropical areas in particular in the Indian 
Ocean where they are the main targets of commercial 
and recreational fisheries and constitute high income 
and protein source for many regional countries. Here, 
we studied Hg levels alongside selenium (Se), an essential 
trace mineral known to confer protective benefits on 
Hg toxicity, in the muscle of 243 swordfish collected 
from different bioregions of the Indian Ocean, i.e. Bay 
of Bengal, Western Tropical Indian Ocean, South Sub-
tropical Indian Ocean, and Mozambique Channel and 
South East Coast of South Africa. Spatial variations in 
metal concentrations were modelled taking into account 
variations in fish size and trophic markers inferred 
from isotopic (δ15N and δ13C) data. The main factor 
that explained Hg concentration was the geographic 
origin of the swordfish. Our results also highlighted the 
potential of Hg, Se and stable isotopes all together for 
discriminating swordfish metapopulation structure in 
the Indian Ocean. Finally, the calculation of the selenium-
mercury molar ratio and the selenium health benefit 
value revealed low risk for consumers with swordfish 
consumption even when Hg concentrations exceeded 
the recommended health thresholds.
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Background 

Genetic differentiation of a species or population can 
occur due to selection, migration, reproductive and 
physical isolation. Mysids are widely distributed in 
estuarine environments, where they often contribute the 
bulk of the zooplankton biomass and play an important 
role in trophic transfer.  The mysid Mesopodopsis africana 
is a key zooplankton species found in many estuarine 
systems along the east coast of South Africa (KwaZulu-
Natal, KZN). Mysids have short life spans, grow rapidly, 
produce more than one generation per annum and 
have limited ability to disperse. This, in addition to the 
contrasting environmental conditions experienced in 
the different systems they inhabit, may allow for genetic 
differentiation in the various populations.  This study aims 
to determine whether M. africana populations along the 
KZN coast are different, by assessing genetic variation 
using highly variable genetic markers (microsatellites). 

Methods 

DNA was extracted from individual mysids from five 
sites along the KZN coastline and amplified using 
Multiplex PCR. These samples were then sent for next 
generation sequencing. 
Results and Conclusions 

Genetic variation among the various populations 
is expected, especially for those stations which are 
geographically isolated, either by physical distance or 
barriers to connectivity. This study reveals important 
ecological and evolutionary patterns and processes of 
mysid population dynamics and connectivity. 

Keywords: Zooplankton, Genetic diversity, 
Microsatellites
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Human impacts have depleted species and habitats in 
estuaries. Although continuous longterm data is needed 
to better define the extent of change and identify their 
causes data series are often insufficient to determine 
whether ecological change is directional, rather than 
random fluctuations, or part of a cyclical change. Few long-
term monitoring programmes have dealt with estuarine 
ecosystems, particularly microtidal estuaries. In order to 
address this marine fishes in the intermittently open East 
Kleinemonde Estuary, in the warm temperate Western 
Indian Ocean, were sampled using seine nets over a 
twenty year period between 1994 and 2014.  Analysis of 
this 20-year dataset reaffirmed the importance of mouth 
state and habitat availability as drivers of abundance for 
marine fish in this estuary and other microtidal estuaries. 
The marine opportunist species composition in the East 
Kleinemode Estuary remained fairly similar over the 20 
year period, with seven species comprising over 90% of 
the catch each year. As in earlier decadal studies of the 
fish assemblage, inter-annual changes in the abundance of 
some species could be attributed to habitat availability 
and mouth state.  The overall species abundance follows 
a cyclical pattern with two to three years of low 
abundance and two to three years of high abundance. 
This pattern was evident for the first 15 years of the 
study, but it was only with 20 years of monitoring that 
overall declines in species abundance became apparent, 
with consistently low catches of almost all marine 
species recorded. This may be related to variability in 
rainfall (and subsequently mouth state), habitat loss and 
overfishing. Determining the exact causes of ecological 
change is, however, challenging in estuarine systems 
because human and natural perturbations often interact. 
Further monitoring is required to determine if this trend 
has continued and it is recommended that long-term 
monitoring in estuaries should span multiple decades in 
order to detect directional changes in the fish community. 
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Background 

Lake St Lucia, Africa’s largest estuarine lake, experiences 
cyclical wet and dry phases.  Although deemed a resilient 
system, the severe desiccation and hypersaline conditions 
experienced during recent droughts have negatively 
affected the systems biodiversity. Zooplankton play an 
important role in trophic transfer and their fast turnover 
rates make them good indicators of ecosystem change. 
This study documents the abundance and diversity of 
active and dormant zooplankton taxa during a recent 
drought phase. 

Methods 

Zooplankton samples were collected from Lake St Lucia 
during 2015 as the system transitioned to a dry state. 
Sediment samples were also collected from desiccated 
areas to determine the diversity of resting stages. 

Results and Conclusions 

Most typical estuarine species disappeared from the 
plankton when salinities exceeded 100, with halotolerant 
taxa dominating the community. The diversity and abundance 
of resting stages within the sediment was however relatively 
high, especially in the more drought stricken regions. The 
potential for these resting stages to contribute to the 
active community once dormancy is broken may therefore 
further add to the resilience of this important lake system. 
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The Sofala Bank shallow water shrimp stocks support 
Mozambique’s most significant fishery with historical 
catches in excess of 9000 tonnes during the early 
2000s. The fishery is a complex multispecies fishery 
where catches are taken by three separate sectors: an 
increasing inshore artisanal sector, a small semi-industrial 
fleet using ice storage and a larger industrial freezer fleet 
operating offshore from 3 nautical miles out to depths of 
approximately 60 m. All three sectors are in competition 
and exploit the stocks of the two major species Penaeus 
indicus and Metapenaeus monoceros. The comprehensive 
time series of catch and effort data from the industrial 
sectors since the 1980s and the artisanal catch and 
gear surveys since 2000 provide a particularly reliable 
basis for the scientific assessments and management 
processes required each year. The variation in the level 
of annual recruitment for species with a 1-year life cycle 
its catch is strongly affected by the annual recruitment. 
The levels of recruitment estimated in annual shrimp 
research survey at the beginning of the year as well as 
the spawning stock levels throughout the year provide 
the basis to set the close season and to estimate the 
total effort allowed to recover the overexploited state 
of the stocks. Results show of application of non-linear 
regression using polynomial function of n=10 yielded 
R²=0.133, suggesting an association of ~13% between 
the recruitment and total shrimp catch. 

Keywords: Recruitment, annual catches, survey, penaeid 
shrimp, Sofala Bank 
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Seaweed farming has been demonstrated to have significant 
socio-economic benefits to coastal communities and has 
the potential to reduce pressure on wild fishery stocks. 
This work was aimed at testing sustainable farming 
technique of the seaweed, Kapapphycus alvarezii, at two 
sites (Kibuyuni and Gazi) on the south coast of Kenya. 
Two culture methods (off-bottom and rafts) were tested 
for growth and yield of the species at five stocking 
densities (50g. 75g, 100g, 125g, and 150g) replicated three 
times. The density treatments for Rafts and Offbottom 
methods were sampled bi-weekly for growth and yield 
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during the northeast (NEM) and southeast monsoon 
(SEM) seasons during March –July 2014 and November –
April 2015. Physicochemical parameters were measured 
bi-weekly at each site and related to growth and yield 
at sites. Data were analyzed using a combination of 
multivariate and univariate statistics. Results showed 
mean growth rates (%/day±SD) of 2.97±0.00 at Gazi at 
two weeks of culture during NEM season for the rafts, 
while rates of 2.86±0.10 were obtained at Kibuyuni 
during SEM season. The Off-bottom method yielded 
growth rates of 2.73±0.13 after a period of ten weeks 
of culture during the NEM season in Gazi while the 
method produced rates of 2.49±0.1 at Kibuyuni at nearly 
the same interval during the NEM season. At Gazi site, 
two –way ANOVA showed season and density to have 
significant effect on growth rate (p <0.05) while, method 
of culture had no significant effect. Season, method and 
density had significant effect on growth rate at Kibuyuni 
(p <0.05) indicating all the variables are important to be 
considered when culturing the <species at Kibuyuni. This 
implies that at Kibuyuni off-bottom method is desirable 
during SEM and raft method during NEM. The physico-
chemical parameters had effects on growth and yield 
that varied between sites and seasons. These results 
are discussed in relation to other studies on the same 
species and recommendations are made based on the 
data and the constraints of the study. 

Keywords: Comparative study, growth rate, Gazi bay, 
density
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Depredation in marine systems is defined as the damage 
or removal of fish or bait from fishing gear by predators. 
The long term objective of the PARADEP project is to 
reduce toothed whale depredation impacting pelagic 
longline fisheries.  This general objective comes in several 

components including scientific research, capacity building, 
communication and economic study. The scientific 
objective of PARADEP includes two sub-objectives. The 
first one is to develop a physical depredation mitigation 
device for pelagic longline fisheries targeting swordfish 
and tuna.  This innovative device will have three 
protective skills: a physical protection (physical barrier 
between the fish and the predator), a visual protection 
(hiding of the fish) and a passive acoustic protection 
(modification of the acoustic signature of the fish). It will 
be tested in Reunion Island on board pelagic longliners 
during commercial fishing trips. The second objective is 
to acoustically monitor the depredation process. Several 
hydrophones and accelerometers will be deployed on 
the fishing gear along with the devices. This will allow 
to detect toothed whale presence in the vicinity of 
the longline, to identify the involved species and to 
analyze their acoustic behavior when they interact (or 
not) with the devices. The capacity building objective of 
PARADEP is to enlarge the research community working 
on mitigation of negative interactions between marine 
mammals and fisheries.  This will include the organization 
of workshops and the supervision of several interns.  The 
communication objective of PARADEP is to share the 
knowledge resulting from this approach to the public, 
political managers, stakeholders, scientists and fishermen. 
This will be done by the use of several communication 
supports, including the construction of a website 
dedicated to the project and the participation to various 
workshops, conferences and meetings. The last objective 
of PARADEP is to economically assess the direct 
and indirect loss due to toothed whale depredation 
impacting the pelagic longline fisheries of Reunion Island. 
This will allow to assess the position of the device in the 
market of fisheries equipment, based on its estimated 
price. PARADEP is funded by the European Funds for 
Maritime Affairs and Fisheries (FEAMP), and is due to 
last 30 months (July 2018 – December 2020). It involves 
three partners: two research labs (IRD MARBEC and 
CEBC CNRS) and one pelagic longline fishing company 
(ENEZ DU, based in Reunion Island). 

POSTER

Applying genomic data to conservation planning in 
South Africa 

NIKKI PHAIR AND SOPHIE VON DER HEYDEN 

Stellenbosch University, South Africa

Email: phair.nikki@gmail.com

Background

The seagrass Zostera capensis forms a vital component 
of southern African estuarine systems as it provides 
critical ecosystem services which support biodiversity, 
estuary functioning and economically important fishery 
industries. This intertidal seagrass is restricted to 
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estuaries and sheltered bays, and appears to rely chiefly 
on vegetative reproduction, limiting its dispersal capacity 
along the often-harsh coastlines of southern Africa. As 
such, these isolated and highly clonal populations are 
likely to be more vulnerable to the impacts of global 
change, the effects of which are likely to cascade through 
the ecosystem. South African estuaries are both highly 
threatened and often poorly protected, and little is 
known about the standing of the southern-east African 
coastline in this regard, increasing the urgency of assessing 
the status of this keystone estuarine species.  A genomic 
approach can provide a cost-effective, comprehensive 
characterisation of evolutionary history and potential, 
and can be applied to evaluate vulnerability, resilience 
and adaptive potential. 

Methods

A spatial planning approach was implemented in 
Marxan with various prioritisation scenarios to 
evaluate regions that protect genomic diversity and 
evolutionary resilience. This utilised habitat data as well 
as SNP data, previously obtained through the ezRAD 
method, representing both neutral and putatively 
adaptive genomic variation and differentiation of 12 Z. 
capensis populations across its range 

Results

All scenarios prioritised estuaries along the entire 
planning region, however, including genomic data 
increased the number of estuaries prioritised. Different 
measures of genomic diversity prioritise similar estuaries 
and hotspots for the conservation of genomic diversity 
exist along the west, south-west and east coasts, as 
planning units in these regions were selected at high 
frequencies across genomic scenarios. 

Conclusion

Current and proposed marine protected areas based 
solely on habitat are far from sufficient, and their 
shortcomings are compounded by discordance with the 
distribution and intensity of environmental pressures. 
However, by including any one measure of genomic 
diversity, distinctness or adaptive potential, conservation 
managers may sufficiently represent the evolutionary 

processes behind the patterns of variation to increase 
representativeness and resilience, while simplifying the 
conservation prioritisation procedure.
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Background

Bycatch of marine megafauna (whales, dolphins, sharks, 
rays, and sea turtles) is increasingly becoming a major 
concern on a global scale. Consequently, there have been 
efforts directed towards mitigating bycatch especially in 
large industrial fishing fleets. Several studies have assessed 
the impact of artisanal fisheries on marine megafauna. 
However, many species that may be considered as 
bycatch in artisanal gears remain understudied in various 
places such as the Western Indian Ocean (WIO) region. 
There is also limited quantitative data and information to 
examine the efficacy of by-catch reduction methods in 
artisanal fisheries. Through the BY-Catch Assessment and 
Mitigation in Western Indian Ocean Fisheries (BYCAM) 
project we assessed the efficacy and feasibility of circle 
hooks and J-hooks in accounting for bycatch of marine 
megafauna in artisanal handline and longline fisheries 
in Kenya. Availability of information and a general 
understanding of the implications of artisanal fisheries 
on megafauna is important in determining bycatch 
mitigation measures and managing these fisheries. 
Methodology 

Circle hook shape is rounded with the point oriented 
perpendicular to the shank, while a J-hook is shaped as its 
name implies, with its point oriented parallel to the hook 
shaft. Three sizes of circle hooks (8/0, 9/0, and 10/0) and 
two sizes of J-hooks (5/0 and 6/0) were tested respectively 
in Ngomeni, a study site located in the north coast of Kenya. 
Each boat had 5 fishers where 3 fishers were given J hooks 
and 2 fishers given circle hooks who fished concurrently for 
16 days per month (4 days a week) for three months. For 
this project, we assume that the months of February, March, 
and April are periods of low -medium fishing intensity. 
Catch from each type of hook was recorded separately 
and pictures of the species taken to aid identification. We 
also recorded the area fished, distance from shore, depth 
fished, lengths and price when landed. We predicted that 
bycatch of major species of interest (sharks, rays, sea turtles 
and dolphins, billfishes, whales) would decrease with the 
deployment of circle hooks. 
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Results 

Overall, J-hooks had the highest impact on both target 
and non-target species (68% of species caught) while 
circle hooks had 32%. A total of 14 boats participated 
in the study. Forty-two families were landed, and the 
species majorly composed of the long tail red snapper 
- Etelis coruscans (1850), the Delagoa threadfin bream - 
Nemipterus bipunctatus (970), deep-water red snapper - 
Etelis carbunculus (298), and kawakawa -Euthynnus affinis 
(97) among others. The average distance from shore 
fished was 21.8 nautical miles away while the average 
depth fished was between 62.6 m and 283.3 m. Our study 
found a significant difference between circle hooks and 
j-hooks (p-value <0.05). Results of this study suggest that 
the use of circle hooks would be relatively selective in 
decreasing landings for bycatch in the artisanal handline 
and longline fishery. 

Conclusion 

Our findings indicate that the type of hooks used had an 
impact of the composition of landings and bycatch, calling 
into question the need to define and evaluate bycatch 
in artisanal fisheries particularly for critically endangered 
species. The fishing grounds had different depth which 
had different catches. These findings underscore the 
impact of artisanal line fisheries on bycatch as priority 
for further research and management in Kenya and the 
WIO. 
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Operation Phakisa aims to unlock the blue economy of 
South Africa by increasing the use of its ocean space while 
at the same time protecting the biodiversity through the 
expansion of existing Marine Protected Areas (MPA) and 
implementation of new MPAs. Biological data will aid in 
the selection of areas that need protection through MPAs. 
Brachyurans (true crabs) form a significant component 
of zooplankton communities in their larval stages. In 

their adult stages they are one of the dominant groups 
of decapod crustaceans found in a range of aquatic 
environments. The aim of this study was to examine larval 
brachyurans from the coastal waters of the KwaZulu-
Natal Bight to gain insight into their abundance and 
distribution in potential areas for marine protection. This 
study compared the distribution, abundance, and diversity 
of larval brachyurans in zooplankton samples collected 
over reef and sand substrates, within and outside of the 
uThukela Banks proposed MPA. The average abundance 
ranged from 0.062 to 1.06 ind.m-3. A total of 29 
families were identified with Portunidae being dominant 
contributing 47% to the total abundance. Majidae and 
Goneplacidae were the second most dominant families 
contributing 8 and 9% to the total abundance. Stations 
over the sand substrates were found to have a higher 
abundance and richness of brachyuran larvae compared 
to reef substrates. The abundance and diversity did not 
differ significantly between stations inside the proposed 
MPA compared to those outside the proposed MPA. Also, 
there was no distinct clustering of samples according 
to the type of underlying substrate or location on the 
MPA. The patterns observed in the abundance correlated 
mostly with salinity and chlorophyll-a concentration. The 
study provides baseline data of the larval brachyuran 
communities that can be used for future assessments on 
the impacts of MPAs on the zooplankton communities. 
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Plastic bags pollute the environment majorly due 
to the nature of their non-biodegradability. Kenyan 
government ban use of plastic bags since 2017. However, 
the compliance of this new regulation has not been 
assessed particularly in the coast region bestowed 
with sensitive marine ecosystems. This study assessed 
people’s perceptions on the ban of plastic bag use at 
Likoni Area mainly focusing on degree of compliance 
amongst consumers, degree of awareness on the ban 
as well as awareness on use of alternatives. A purposive 
sampling technique was adopted involving use of a 
semi-structured questionnaires. A sample size of 100 
respondents was interviewed. A Chi-square test was 
used to test for relationships. The results showed that 
rate of awareness on plastic bag ban, dangers associated 
with it use, rate of compliance and the willingness to use 
alternatives was generally high ranging between 85 to 
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93%. Illegal smuggling of plastic bags and protection of 
illegal manufacturers plastic bags were highlighted as the 
major drivers of non-compliance. In order to enhance 
compliance regular monitoring, enforcement of the 
regulation by relevant authorities and political goodwill 
should be upheld. 
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Xai-Xai Beach is characterized by a continuous reef 
separating the beach and the open sea, with small 
gaps along the reef, where waves break and spill water 
over the reef into the inner beach. Giant waves and 
strong currents occur inside beach causing hazard 
to swimmers and fishermen. On average 7 deaths by 
drowning are reported to occur in Xai-Xai Beach a 
year. Two field experiments were conducted in Xai-Xai 
Beach: one in October 2011 during neap tides and in 
October/November in 2012 aimed at observing the 
waves and currents. Wave heights were measured by 
means of precision pressure gauge, an accelerometer 
and an ultrasonic altimeter; currents were measured by 
Anderaa Seaguard and a Lagrangian drifter; in addition 
standard meteorological parameters consisting of winds 
and air temperature were measured by a portable 
meteorological station. The major gap of the reef is 
located in the northern end. The observed waves outside 
the reef varied from 2 to 8 m and in the inner beach 
varied from 1 to 2 m, during relatively calm whether 
with winds of about 5 m s-1 and in the rough weather 
with winds of about 9 m s-1, respectively; the wave setup 
reached about 14cm. The alongshore currents ranged 
between 1 and 1.5 m s-1, unidirectional and towards the 
North all the time. Strong and permanent rip currents 
with velocities of about 1.5 – 3.5 m s-1 were observed. 
The reef barrier projects up to 75cm above the mean 
seal level, constrains the water movement back to sea 
resulting in pressure building force between the inner 
beach and the sea and along the beach. These result in 
strong rip and alongshore currents. It is concluded that 
the observed alongshore and rip currents are too strong 
that endanger even the experienced swimmers. It is, 
therefore, recommended that warning signs be placed 
along the beach to prevent deaths by drowning. 

Keywords: Wave, currents, barrier, rip currents
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Introduction 

The collective intoxication by consummation of marine 
organism, in Madagascar, has the tendency to be periodic, 
since 1993. They disrupt the working of the local 
economy, the merchandising and the consumption of the 
sea products. Of this fact, for the health of the population, 
some measures have been taken, accompanied by 
sensitization campaigns to attenuate the risks. In this 
sense, in order to propose programs of action in order 
to reduce the impacts of the collective intoxication 
by consummation of marine organism meaningfully in 
Madagascar, an assessment of the setting in work and the 
efficiency of the measures taken for the prevention of 
the risks; and an inventory of the species of microalgae 
to have an idea on the size of the risks have been made. 
Methods 

The survey took place in Toliara, Region West South of 
Madagascar. A set of investigation has been led to the 
scale of the city whose main interlocutors divide in 4 
categories: administrative services, local authorities, 
the consumers (by households) and fishers/sellers. 10 
residential areas, and a local market has been chosen 
like places of investigating. 3 administrative services 
(the Supervision Regional of the Piscatorial Resource 
and the Fishing, Regional Direction of the Population, 
the Social Protection and the Woman’s Promotion, 
Regional Direction of the Public Health), 3 local 
authorities (Region, Township, chief of residential area), 
30 consumers, 60 fishers and 30 saleswomen have been 
investigated. An observation spreading on 31 days has 
also been made from November 1st, 2017 to December 
1st, every evening from 16h, to the local market of 
Scama, Toliara. The number of saleswomen spreading fish 
forbidden of merchandising, at the time of the period 
of demonstration of these collective intoxication, have 
been counted. For the biologic withdrawal, 3 supports 
favorable to the fixing of Dinoflagellate toxic benthic 
has been appropriated in Andrevo, on the reef fringing,: 
Sargassum sp, some fragments of dead corals, and a 
mixture of empty shells of Mollusks (Lambis lambis, 
Anadara ehrenbergi, Codackia sp). These substrata are 
harvested in free diving, treated then according to the 
method recommended by Turquet and et al., 2000. An 
observation to the microscope (Olympus CKX31) has 
been made then for the qualitative survey of the species 
of Dinoflagellate toxic benthic. 
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Results 

Of 2014 to 2016, no case of the collective intoxication 
by consummation of marine organism mortal has been 
notified in Toliara. Nevertheless, cases of this collective 
intoxication have been recorded. The number average 
of the victims is of 7±6 in 2014, 11±8 in 2015 and 7±8 
in 2016. The statistical analysis of these data reveals 
that there is not a meaningful difference between the 
numbers of victims of these 3 years. In 2014, the causal 
agent having triggered the more of case of this collective 
intoxication was of origin unknown, having made 15 
victims out of 26. It is some in the same way for the year 
2015, with recorded 15 cases. During the year 2016, the 
causal agents having poisoned more victim are Siganidae 
fish (8 victims out of 17) and of the unknown marine 
animals (6 cases). In total for these three years, the bony 
fish represent 51.04% of known poisoning reason. The 
unknown causal agents represent the 42.71% of the cases. 
The sensitization by the way of the mass medias has, in 
some sorts, carried their fruit, 91.67% of the entities 
investigated know already about risks of the collective 
intoxication by consummation of marine organism, 
essentially thanks to the sensitizations by this way; and 
by the communication by word of mouth between the 
population, skewing the true information. Then, 13% of 
saleswomen know the date of application of the content 
of the preventive press item. Nevertheless, until 27% 
of the saleswomen of piscatorial products of the local 
market continue to spread the quoted fish forbidden 
of sale during the period of prevention. Besides 36.66% 
of the fishers and 36.66% of the consumers consume 
these fish again. And about the big fish to pollard and to 
be eviscerated (tunas, bonito and pike of sea), only the 
tunas follow this norm. For the biologic withdrawal, 14 
potentially toxic species, distributed in 4 orders, 5 families 
(Gymnodiniaceae, Dinophysaceae, Goniodomataceae, 
Ostreopsidaceae, Prorocentraceae) and 6 kinds have 
been inventoried of the three types of supports. 

Conclusion 

The present survey has been led to value the efficiency 
of the struggle means put in work for the prevention of 
the risks of the collective intoxication by consummation 
of marine organism in Toliara, Madagascar. It aims to 
identify the measures that one must reinforce and of 
others that ask for the rectifications. The efficiency of 
these measures is little conclusive. Without producing of 
collective death, or a general outcry obliging the persons 
responsible concerned to make official declarations, 
during the years 2014 to 2016, the risk is not separated 
and the population remains vulnerable. The knowledge 
on the mechanisms of the collective intoxication by 
consummation of marine organism is ignored again of 
the biggest number of consumers, notably to the level 
of the community of consumers of marine organism 
and the fishers. The quality of the cortege of microalgae 
toxic benthic shows the presence of the species known 
for their toxicity. Their presence on the site justifies 
their relation with the period of interdiction and warns 

us at the same time that the risk stays present. Their 
proliferations would be yet to supervise, because some 
of the toxins produced by these dinoflagellates have 
direct and deleterious effects on the human organism.

POSTER

Critical thermal maxima of selected ectotherm 
associated with mangrove forest Mngazana Estuary in 
the Eastern cape  of South Africa
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The East and South coasts of South Africa are characterised 
by a transition from subtropical to warm-temperate 
conditions. This transition in environmental temperatures 
may shape the physiological tolerance of ectothermic species 
inhabiting harsh environments, such as the intertidal zone. 
A subtropical (Mngazana Estuary) and warm-temperate 
(Knysna Estuary) population of the truncated mangrove 
snail, Cerithidea decollata, were selected to investigate thermal 
tolerance (LT50) and performance (oxygen consumption) 
across increasing and decreasing air temperatures (at a rate 
of 2°C/h) under controlled laboratory conditions. Animals 
from both populations showed a considerable thermal 
tolerance, surviving temperatures over 50°C. The thermal 
performance of the two populations under temperature 
change showed similar trends, with individuals from 
Mngazana Estuary displaying higher levels of metabolism 
than those from Knysna Estuary. Both thermal tolerance 
and performance in increasing/decreasing temperatures 
suggested that these snails show intraspecific differences in 
thermal physiology. We discuss the importance of including 
the effect of microhabitat variability and behavioural 
thermoregulation when investigating the effect of climatic 
transition on the thermal physiology of intertidal species. 
This would enhance our knowledge on the interactions 
between organisms and their environment, helping to 
evaluate the likelihood that a species can maintain itself in 
the landscape.
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The subtropical-temperate transition along the 
East coast of South Africa shapes the thermal 
physiological of the truncated mangrove snail 
Cerithidea decollata (Gastropoda; Caeno gastropoda, 
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The East and South coasts of South Africa are 
characterised by a transition from subtropical to warm-
temperate conditions. This transition in environmental 
temperatures may shape the physiological tolerance of 
ectothermic species inhabiting harsh environments, such 
as the intertidal zone. A subtropical (Mngazana Estuary) 
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and warm-temperate (Knysna Estuary) population of 
the truncated mangrove snail, Cerithidea decollata, were 
selected to investigate thermal tolerance (LT50) and 
performance (oxygen consumption) across increasing 
and decreasing air temperatures (at a rate of 2°C/h) 
under controlled laboratory conditions. Animals from 
both populations showed a considerable thermal 
tolerance, surviving temperatures over 50°C. The thermal 
performance of the two populations under temperature 
change showed similar trends, with individuals from 
Mngazana Estuary displaying higher levels of metabolism 
than those from Knysna Estuary. Both thermal tolerance 
and performance in increasing/decreasing temperatures 
suggested that these snails show intraspecific differences 
in thermal physiology. We discuss the importance of 
including the effect of microhabitat variability and 
behavioural thermoregulation when investigating the 
effect of climatic transition on the thermal physiology 
of intertidal species. This would enhance our knowledge 
on the interactions between organisms and their 
environment, helping to evaluate the likelihood that a 
species can maintain itself in the landscape.
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The surveys of elasmobranches fishing have been 
conducted in four villages in South of Madagascar. 
The three villages: Anakao, Maromena, Befasy in the 
municipality of Anakao are situated in the South West 
region and the fourth village of Itapera in the municipality 
of Mandromondromotra in South East region of 
Madagascar.125 fishers between 18 to 50 years old and 
three fishing gears: artisanal longline, spear fishing gun 
and gill net are identified to catch cartilaginous fishes. In 
municipality of Anakao, the artisanal longline and spear 
fishing gun are used to catch respectively sharks and rays. 
However, in the village of Itapera, the longline and gill net 
are used to fish the sharks and rays. The interviews and 
surveys with 100 fishers in the municipality of Anakao 
allowed to identify 28 species of sharks and 12 species of 
rays. In the village of Itapera, the interviews and surveys 

with 25 fishers allowed identifying 11 species of sharks 
and 8 species of rays. The sharks and the rays are both 
used for the local consumption and to sell. According 
to the quality, the price of the fining of sharks varies 
from 5000 Ar (1.30Euros) to 300 000 Ar (77,76 Euros). 
The price of the one ray varies from 20 000 Ar (5.18 
Euros) to 60 000 Ar (15.55 Euros) according to the size 
and the species. The increasing incomes derived from 
the fining of sharks have conducted local fishermen to 
intensify their fishing on sharks compared to teleosts. In 
the municipality of Anakao, the consumption of shark’s 
meat and the use of spear fishing gun in water could 
occasionally record some accidents. Therefore, since 
1980, 12 shark attacks and 50 poisoned people have 
been recorded. Inspite of these accidents, no case of 
death has been recorded.
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 The high demand for the tropical sea cucumber species 
sandfish (Holothuria scabra) has led to a decline of wild 
stocks globally. To restore populations and to satisfy the 
Asian seafood market demand, aquaculture production 
and sea-ranching of commercial valuable sandfish 
have been implemented in many tropical regions. The 
production of hatchery-reared juveniles intended 
for outgrow farming and restocking, is currently 
implemented in the Zanzibar Archipelago. However, 
aquaculture activities have potential constraints, which 
need to be addressed to ensure sustainable practices. 
In hatchery production and restocking programs of 
sandfish, translocation and artificial breeding is assumed 
to negatively affect wild populations. Therefore, genetic 
baseline data need to be collected to identify potential 
issues associated with these activities. Here, we provide 
the first insights into the population genetic structure of 
sandfish in Zanzibar and Tanzania, using popular genetic 
markers such as mitochondrial DNA 16S and nuclear 
microsatellites. These markers were applied to samples 
from four different sampling sites within the Zanzibar 
Archipelago and Tanzanian mainland. The 16S marker 
was amplified in eight samples from three locations and 
seven microsatellites were successfully genotyped in 
96 individuals from four sampling sites. The 16S marker 
showed no variation among sampling sites, as well as no 
differences, when compared with available sequences 
from Malaysia and Papua New Guinea. This indicated 
that the 16S marker is not a good marker to detect 
intraspecific differences in sandfish, due to its conserved 
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features. In contrast, microsatellites displayed a level of 
variation deemed suitable for genetic analysis of diversity 
within and among sampling sites, as well as genetic 
differentiation and structure among sampling sites. 
Microsatellite genotyping revealed low but significant 
difference (FST = 0.018, p-value = 0.004). Furthermore, 
genetic diversity was found to be low (mean number of 
alleles = 3.25; mean observed heterozygosity = 0.357) 
and indices for inbreeding were present in three out 
of four sampling sites. Hence, findings provide genetic 
baseline data, which will be useful for sustainable 
bloodstock management practice and the classification 
of potential management units. Overall, the present 
study will be the basis for future research concerning 
the genetic impacts of sandfish aquaculture activities in 
Zanzibar and Tanzania. 
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Pollution of metals in aquatic ecosystems has increased 
globally due to anthropogenic activities. These pollutants 
cause a major environmental challenge because of 
their toxic nature, persistence, non-biodegradable and 
bioaccumulation properties. Bioaccumulation of these 
pollutants increases within the food chain and exposure 
to them can cause irreversible health disorders in fish, 
macroinvertebrates and human beings. The available 
literature on heavy metal pollution in the Western 
Indian Ocean (WIO) region was reviewed by accessing 
published papers in the internet. A very uneven data 
distribution was found. It was found that Zn, Cu, Pb 
and Cd are the most commonly studied heavy metals 
in the region, and only infrequent investigations of other 
metals are documented. Scanty data is documented on 
the relationship between heavy metals and the food web. 
Many of the studies have described just the occurrence of 
heavy metals in the environment especially in the water 
and sediments. Only a few studies have documented 
their occurrence in benthic organisms and fish of 
economic importance. No single study has associated 
their occurrence along the food web and their ecological 
impacts and the associated human health risk assessment 
despite the fact that they are carcinogenic and cancer 
cases are on the rise in the region. It is recommended 
that more research be carried out in the WIO region 
to establish the relationship between heavy metal 

pollution and the food web and their eventual effects on 
environmental ecology and the associated human health 
risks of consuming contaminated marine resources. 
There is need also to develop policy documents on 
metal pollution to guide the management. 

Keywords: Heavy metals, food web, WIO region, non-
biodegradable, human health risks 
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Moorea producens (formerly, Lyngbya majuscula) is a 
filamentous marine Cyanobacterium that has been 
reported to be a source of a wide array of natural 
products. It has been shown to harbour a variety of 
epibiotic bacteria on its surface. However, the phylogeny 
of these epibiotic bacteria from the Kenyan M. producens 
are not well understood. Thus the underlying hypothesis 
in this work was that there exists a diverse array of 
epibiotic bacteria from the Kenyan coastal M. producens. 
Key objective of the study was to characterize and 
determine the phylogeny of epibiotic bacteria isolates 
co-existing with the Kenyan Coastal marine M. 
producens. Twenty two (22) samples of M. producens 
were collected from creeks at Mida, Kilifi, Shimoni and 
Wasini along the Kenyan Coast. A total of 16 epibiotic 
bacteria were characterized using classical Gram 
staining technique and corroborated by 16S rDNA 
sequencing. Sequences (16S rDNA) of the isolates were 
compared to their closest relatives using BLAST and 
phylogeny determined in MEGA6. A comparison of the 
distribution of epibiotic bacteria from the four sites, 
showed differential significance (p=0.03, Kruskal-wallis 
Rank sum test) among colours of the isolates as well as 
among the isolate phenotypes (p=0.0033, Fishers exact 
test). Epibiotic bacteria co-existing with M. producens 
bacteria showed differential clusters in MEGA6. The 
characterized cyanobacteria-associated bacteria were 
found to belong to four (4) phylogenetic groups namely; 
Bacilli (firmicutes), actinobacteria, ß-Proteobacteria, and 
γ-Proteobacteria. The results also suggested that different 
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phenotypes of epibiotic bacteria co-existing with 
M. producens have co-evolved differently. This finding 
suggests that such bacteria may have considerable 
microbial information with potential of breaking new 
grounds for further research. 

Keywords: Moorea producens, epibiotic bacteria, 
Phylogeny
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Across the world, aquaculture seems to be a viable 
solution in boosting economic activities and attaining 
food security. South Africa is also assessing the feasibility 
of establishing fish-farms across the country. However, 
there are contrasting views about whether finfish 
farming on a large scale should be pursued. Objections 
are usually based on environmental issues such as water 
quality and eutrophication. Macrobenthos and nematodes 
are sensitive components of aquatic ecosystems and are 
widely used for evaluating ecosystem integrity against 
eutrophication. The effect of finfish farming on the 
macrobenthic and nematode communities in Richards 
Bay Harbour was studied. Six sites were sampled for 
water quality, sediment eutrophication and benthic 
organisms in a spatial gradient away from the fish-
farm using a water sampler, corer and Van Veen grab 
respectively. Results for both communities show that 
high nutrient and organic content levels at the fish-
farm caused low dissolved oxygen concentrations and 
affected the benthic communities, confirming sediment 
eutrophication in the immediate benthic habitat. Strong 
separation in community structure between sites 1 
and 2 and those further away confirmed the effect of 
fish farming on the benthic communities. Regarding the 
macrobenthos, amphipods dominated sites furthest 
away from the impacted sites, whereas, sites closest 
to the fish-farm were dominated by opportunistic 
spionid polycheates e.g. Prionospio and Capitella spp. The 
study concluded that fish farm activities affected the 
benthic habitat quality and led to changes in the benthic 
community at the fish-farm. The changes were related to 
eutrophication and increased organic content. On the 
whole, the study revealed the social and environmental 
impact pollution can have on benthic organisms and the 
environment. As a remedial measure, data obtained from 
this study can contribute towards a monitoring program 
related to habitat quality induced by anthropogenic 
activities in the harbour and influence policy on efficient 
management of aquaculture.
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Background 

Impacts of climate change and variability continue to 
be felt differentially across the world. The effects are 
even more pronounced in east Africa where poor 
infrastructure coupled with limited resources for 
effective response to extreme weather events are 
prevalent. Mombasa city, for instance, has experienced 
perennial breakdown of drainage structures, mudslides, 
and emergence of vector and/or water-borne diseases 
such as the Chikungunya disease. Rainfall marginally 
above seasonal normal often brings the city to a standstill, 
leading to huge losses in life, property and revenue. Due 
to its strategic economic importance to east Africa, 
there’s need for a deliberate effort for the use of climate 
services for sustainable socio-economic development 
and prosperity of Mombasa city. The current study seeks 
to assess and promote the use of regional climate models 
(RCM) as a tool for generating future climate change 
scenarios for east Africa. These scenarios will assist in 
shaping strategies towards adequate city planning and 
management for sustainability and development. 

Methods 

The study assessed historical and future intraseasonal 
rainfall characteristics over the Kenyan coast using data 
both from observational and RCM simulations. Model 
data was accessed from the simulation runs of nine RCMs 
from the Coordinated Regional Climate Downscaling 
Experiment (CORDEX). Observational data was utilized 
from the Climate Hazards Group InfraRed Precipitation 
with Station data (CHIRPS). 1981 to 2010 was chosen as 
a baseline period for use in examining historical trends 
in intraseasonal rainfall.  Two indices viz. Consecutive wet 
days (CWD) and heavy precipitation events (R10MM) 
were selected for analysis. The study focused on two 
intra-seasonal periods, namely March - May (MAM) and 
October - December (OND); the two rainy seasons 
over equatorial east Africa. Future rainfall projections 
focused on the representative concentration pathway 
(RCP) 4.5 and 8.5 scenarios. Standardized anomalies 
were computed for observational and historical RCM 
data for both CWD and R10MM, for the period 1981 
- 2010 (baseline period). RCMs with good skill in 
simulating the study area’s CWD and R10MM relative to 
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the observational data (CHIRPS) were shortlisted for the 
future projections. Relative changes in the characteristics 
of CWD and R10MM for the period 2015-2045 and 
2070 - 2100 in RCPs 4.5 and 8.5, were generated by 
computing the difference between the baseline period 
and the period under study. 

Results 

Trends for historical CWD and R10MM were computed. 
Generally, the ensemble medians of RCMs considered 
in the study show a good skill in simulating east Africa’s 
intraseasonal rainfall variability. However, some RCMs 
show higher skill than the others. Hence, a few RCMs 
were used to generate future variability scenarios for 
the study area. Both CWD and R10MM show significant 
changes in both time and space, for both RCPs 4.5 
and 8.5. This implies east Africa is likely to experience 
increased variability of intraseasonal rainfall in both time 
and space. These findings agree with previous research 
done by Ogega et al., (2019). 

Conclusion 

The findings of this study indicate that Mombasa should 
brace itself for increased rainfall variability. As a key 
tourist destination in east Africa, there is an urgent need 
to make structural adjustments to build the city’s adaptive 
capacity to the changing climate. This study identifies 
RCMs that can be used to generate future intraseasonal 
scenarios for the region. City planners and managers 
should work even more closely with climate researchers 
to produce climate services that will ensure the socio-
economic prosperity of Mombasa in a changing climate. 
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Background 
Species-specific information is essential for the monitoring 
of exploited populations such as elasmobranchs, and the 
development of effective management plans. However, 
landings on artisanal elasmobranchs fisheries in the 
western Indian Ocean are largely unavailable and not 
reported to species level. Widespread concern regarding 
overexploitation of elasmobranchs in Kenyan waters has 
led to discussions on the development of a National Plan 
of Action for Sharks and Rays. A catch and effort survey 
was conducted to pilot a harmonized data collection 
protocol on sharks and rays at three landing sites and to 

contribute to the regional database on sharks and rays in 
the western Indian Ocean (WIO). This study presents the 
findings of a survey conducted at three key landing sites 
to determine the abundance and distribution of shark 
and ray species, and examine spatial and gear variation in 
catch rates in the artisanal shark and ray fishery in Kenya. 

Methods 

A three-month rapid field survey in 2018 was conducted 
for ten days every month from June to August at three 
landing sites namely Kipini, Ngomeni and Shimoni 
to determine the extent and activities of artisanal 
elasmobranch fisheries operating along the Kenyan 
coast. The creel survey method was employed to record 
effort and catch data on sharks and rays. Fishermen 
arriving at the landing sites were asked to provide 
details of their fishing trip including: time of departure 
and time of return, propulsion mode, crew size, gear(s) 
used and name of fishing ground. Total wet weight was 
recorded and Shark and ray species were identified and 
photographed. Total length and disc width of individual 
sharks and rays respectively were also measured. 

Results 

The dominant shark species recorded across the three 
landing sites were scalloped hammerhead (Sphyrna lewini) 
44% and silky shark (Carcharhinus falciformis) 19%, while 
ray species were dominated by whitespotted wedgefish 
(Rhynchobatus djiddensis) 27% and bluespotted ribbontail 
(Taeniura lymma) at 23%. Gillnets and monofilament nets 
were associated with high shark catch rates of about 4kg/
fisher/trip while handlines recorded high ray catch rates of 
more than 11 kg/fisher/trip. All the captured sharks were 
immature with unbalanced sex ratios indicating that the 
fishers do not discriminate on the basis of sizes making 
the population susceptible to recruitment overfishing. 
Most abundant rays captured were adults, caught after 
reaching their respective sizes at maturity. This can be 
attributed to gear selectivity as the dominant gear that 
targeted rays were spear gun and handlines. Substantial 
numbers of ray individuals from both T. lymma and D. kuhlii 
were not sexed as most were landed eviscerated, and 
the carcasses dismembered and therefore sex ratios and 
staging of maturity were difficult to discern. 

Conclusion 

Overall, shark and ray populations in Kenya experience 
considerable exploitation pressure which has led to 
stock declines over decades. This coupled with juvenile 
sharks now dominating catches and skewed sex ratios 
in the landings, suggests an urgent need for improved 
implementation and enforcement of regulations to protect 
threatened species. Further investigation into sharks 
and ray populations at species level is recommended to 
evaluate the vulnerability of different species to fishing 
based on their population parameters. 

Keywords: Sharks, rays, Creel survey, CPUE, Species 
distribution, Juvenile, Sex ratio. 
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Background 

Coral reef health is linked to the reproductive capacity 
of reef building corals that may be impaired by global 
warming and repetitive bleaching events. Monitoring the 
sexual reproduction and the larval settlement in these 
corals might help the managers for MPA planning. 

Method 

In this research, we monitored the reproductive effort of 
the fire coral Millepora exaesa and the larval settlement of 
scleractinians on artificial tiles over 10 years, on the reef 
flats of Reunion Island. Two study sites were selected, a 
highly frequented site in St Gilles-lesBains and a human-
preserved site with more oceanic influence in St Leu. 
During the austral summer, the rate of reproducing fire 
coral colonies (n>100 colonies) and the density of their 
ampullae (reproductive features) were measured. The 
larval settlement of scleractinians was counted on tiles (25 
tiles per site) immerged at the beginning of summer (mid-
October) before coral spawning and collected 6 months 
later (mi-April) at the end of the reproductive season. 

Results 

At the beginning of the monitoring, 60 to 80% of the 
fire coral colonies showed ampullae on the coenosteum 
surface at the 2 study sites with a similar ampullae 
density. This rate falled down to 20% of the colonies 
showing ampullae in St Leu, 8 years later, while it remains 
the same in St Gilles-les-Bains. The same trend was 
noticed for scleractinian larval recruitment with a drastic 
decrease in the number of recruits on the St Leu tiles 
over the 10 years of monitoring and the replacement of 
acroporid recruits by pocilloporids. These results were 
surprising as the study site in St Leu was expected to 
be less subjected to increase temperature because of its 

oceanic influence and to human impact due to its remote 
position. Yet the trend in coral reproductive effort and 
recruitment rate may be explained by the increasing 
quantity of sediment flowing down from the watershed 
of St Leu that may have reduce the fitness of coral 
colonies. For the last 10 years, numerous buildings, roads 
and rainproof parkings were constructed on the slope 
of the watershed enhancing soil leaching and bad water 
quality on the reef flats. 

Conclusion 

Global warming is a threat for coral survival. Its impact 
may be even worse if the coral reefs are already disturbed 
and show no resilience to this threat. In this research, 
we hypothesised that decrease in reproductive effort 
and recruitment rate are linked to the uncontrolled 
urbanisation on the watershed leading to increase 
turbidity and degraded water quality. This perturbation 
is strongly decreasing the chance for coral to cope with 
global warming.
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Coastal communities in Kenya depend on fisheries and 
other coastal resources for their livelihoods. In particular, 
Lamu and Tana River Counties are endowed with a rich 
marine inshore fishery with the most productive fishing 
areas being the North Kenya Banks. High productivity 
in the North Kenya Banks is associated with upwelling 
which is an oceanographic phenomenon involving wind-
driven motion of dense, cooler, and usually nutrient-rich 
water towards the ocean surface, replacing the warmer, 
usually nutrient-depleted surface water. The increasing 
irregular patterns of the wind and the sea caused by 
climate change is however diminishing peoples’ ability 
to ‘read nature’ because of variable timing of winds and 
shifting seasons, rendering the people unable to make 
reliable predictions to time their activities as had been 
the case. Enhancing people’s adaptive capacity and enabling 
them to anticipate and respond to changes, to minimize, 
cope with, and recover from the consequences of change 
is increasing the prospects of fisheries governance in the 
East African region. The study was carried out at Amu 
and Shela in Lamu County and Ngomeni in Kilifi County 
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in the coast of Kenya where small pelagic fisheries is an 
important source of livelihood. It sought to determine 
the vulnerability, resilience and adaptation options for 
fisheries dependent communities in the EACC upwelling 
areas. Multi-stage sampling method that involved different 
sampling techniques within each stage was adopted in 
this study. Primary data and information were collected 
through direct observation, semi-structured interviews, 
key informant interviews and oral histories. Data analysis 
was conducted using descriptive analysis and non-
parametric analysis for quantitative data and content 
analysis for qualitative data in order to systematically 
evaluate responses and determine the emerging themes 
on the status of the small pelagic fishery and upwelling. 
Results indicated that fishing was the main occupation 
for 93 percent of the respondents. Fishing effort was 
higher during the North East Monsoon (NEM) season 
where small pelagic fish were mainly (48.9%) caught, other 
respondents stated that they were caught during South 
East Monsoon (SEM) season (27.2%), both seasons (21.7%) 
and during the inter-monsoon period (2.2%). A majority 
(39%) of the interviewees reported that presence of a 
calm sea and favourable weather were the best conditions 
for the availability of these fish. An association between 
location and responses on availability of small pelagics 
across seasons was evident, X 2 (9, n=92) =0.292, p=0.005, 
phi=0.506. Seine nets and monofilament nets were the 
main fishing gears used in this fishery. Traditional non-
motorized paddle or sail boats were the most preferred 
type of fishing vessels due to the lower cost of operation 
and maintenance. On average fishing is done for 6 days 
in each week for 8 hours per day, with a maximum of 
24 hours (for those fishermen who travel long distances 
to fish at the North Kenya Banks or the Malindi Bank) 
and a minimum of 1 hour. 52 percent of the respondents 
targeted small pelagic where they reported that changes 
in climatic and oceanographic conditions such as decline 
in rainfall over time, sea level rise, irregular wind patterns 
and increased temperatures had negatively impacted 
on the small pelagic fisheries. This resulted to increased 
fishing effort that caused a decline in the quantity of fish 
caught per fisherman and changes in the composition of 
fish species. This further led to a decline in income, and 
increased prices of fish. Critical to this study is to highlight 
the desired changes for instance, increased stakeholder 
engagement, and initiation of both government and 
traditional rules that target the management of the small 
pelagic fishery in the area. Further, deliberate efforts 
should be placed to introduce alternative livelihoods that 
will reduce pressure on the small pelagic fishing activities 
in the area. It is anticipated that the desired changes will 
lead to improved livelihoods and income of the fishers, 
enhanced adaptive capacity to climate change, sustainable 
harvesting of small pelagic fisheries, and enhanced 
community participation in the management of pelagic 
fisheries. 

Keywords: Livelihood, coastal communities, small pelagic 
fish, upwelling, stakeholder engagement, alternative 
livelihoods, adoptive capacity. 
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Artisanal fisheries in Kenya contribute about 4.7% of the 
Gross Domestic Product (GDP) in spite of high post-
harvest losses. Post-harvest interventions in fisheries 
enable fishers and fish processors to reduce waste, 
maintain nutritional aspects and meet stringent demands 
in food quality and safety. This review highlights benefits 
and pitfalls of various fish post-harvest management 
interventions to drive policy dialogue and formulation 
of a regulatory framework for future interventions. 
It relies on data obtained from the Kenya Marine and 
Fisheries Research Institute Mombasa and the State 
Department of Fisheries and Blue Economy, Kenya. 
The data comprised mainly that of the Western Indian 
Ocean (WIO), Kenyan region. Results depict abundant 
interventions in both handling and processing, but low 
utility ( 40% of installed cold <rooms, dryers and kilns) 
and proliferation by fishers’. However, fish targeting 
export market have well-organized structures, portraying 
a weak regulatory framework as a key constraint in 
addressing post-harvest management of fish intended 
for domestic market. Under-utilization of installed 
interventions results in continued fish waste and losses 
thus contributing to food and nutritional insecurity. A 
regulation is recommended to compel the stakeholders 
including management actors to adhere to, monitor 
and maintain sanitation standards as an integral part of 
any intervention program. Such policy will enhance the 
adoption of improved technology in small-scale fishery 
not only in Kenya but the WIO region as a whole. 

Keywords: Post-harvest; interventions; small-scale; 
fisheries; food nutrition

11th WIOMSA Scientific Symposium 359



POSTER

Beating the odds: Mangrove restoration in tidal 
deserts by a local women group in Kenya 

OKELLO A. JUDITH1* AND CHERONO SHAWLET2 

1Kenya Marine and Fisheries Research Institute, 

2Kenyatta University

E-mail:  jokello@kmfri.co.ke

Background

‘Tidal deserts’ as they are referred to in this abstract, are 
bare areas within mangrove forests are seldom colonized 
by these tree species due to exceptionally harsh conditions. 
No study to the best of our knowledge has attempted 
to describe the dynamics of tidal deserts with most 
conservationists and restoration projects shying away 
from carrying out restoration activities in such areas. It is 
documented in grey literature that tidal deserts could be 
natural or created through extreme forms of disturbances. 
In most cases, when mangrove trees are cut or destroyed 
by other causative agents, the ecosystem gradually shifts 
towards more harsh conditions, thereby hindering natural 
regeneration. Attempts by informal restoration activists 
to grow mangrove trees in such areas along the coast of 
Kenya have proved futile, recording almost 100% seedling 
mortality. Mangroves are important for the wide variety of 
ecosystem and economic goods and services from which 
both local and national economies benefit. With the onset 
of climate change agenda, the role played by mangroves 
as one of the most productive ecosystems hence carbon 
sequestration cannot be downplayed. In spite of these, 
mangroves are generally threatened both in the WIO 
region and globally mainly attributed to the increased 
demand for wood and wood products. It is in this respect 
that one local community conservation group resorted 
to take restoration a notch higher to increase mangrove 
cover by planting the trees in the tidal deserts. 

Methods 

Two local community conservation groups: Baraka 
women group in the South Coast and in the North 
Coast had been selected by Kenya Marine and Fisheries 
Research Institute (KMFRI) for this initiative. The current 
work is based on experiences with the former group, 
located in (4º22’  S, 39º30’  E), 55km south of Mombasa 
in Kenya. The initial phase involved planting Rhizophora 
mucronata mangrove tree seedlings along the banks of 
already established fish ponds in the bare tidal flats. 
Borrowing the idea by Lewis (2009) to ‘let mother 

nature do the work’; the subsequent steps in restoring 
the adjacent tidal desert was meant to facilitate natural 
regeneration by recreating the environment that was 
there before disturbances set in. A 0.8 m wide and 1 m 
deep trench sloping to a shallow end of 0.5 m depth was 
dug. This was meant to abstract sediment which would 
pile in the area during rainy seasons from adjacent land, 
while also allowing the tides to inundate the area even 
during neap. After 1 year a second channel of the same 
width but with the deepest end being 0.8 m and shallow 
end 0.25 m was dug allowing 1.5 m distance between the 
two trenches (referred as Block A). Wildings of Avicennia 
marina were planted in rows mixed with Ceriops tagal 
seedlings at a spacing of 0.5 m. After another six months, a 
third channel was dug and the process repeated, creating 
a planted area termed Block B. Survival/mortality data 
was recorded in three months intervals over the entire 
progressive restoration period. 

Results

After one year following the digging of the first trench, 
A. marina naturally colonized the area behind the pile of 
sediment dug from the first trench, attaining an average 
height of 0.8±0.2 m. Block A recorded 95% survival in the 
first three months and 75% after a period of two years. C. 
tagal had relatively low survival rates with less than 50% 
in 2 years. Block B had 80% survival in A. marina after 
three months and 72% in the first year. C.tagal in Block B 
recorded 37% survival after the 2 years of establishment. 

Conclusion

Tidal deserts are often highly stressed environment 
which may hinder the colonization and establishment of 
mangrove tree species thus always considered not ideal 
when selecting restoration sites. However, by recreating 
the suitable growth conditions in such areas, restoration 
can register up to 90% survival. Proper choice of species 
for a start is nevertheless crucial as those that might 
have initially colonized the tidal desert before, may 
not immediately return during the initial phases of 
restoration. Avicennia being a pioneer species are best 
suited for such areas. 

Keywords: Tidal deserts; mangrove restoration, natural 
regeneration
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Background 

210Po is a naturally occurring alpha-emitting radionuclide 
present in low concentrations in the environment as 
part of the uranium decay chain. 210Po has a radioactive 
half-life of 138.4 days and is produced in the marine 
environment from the decay of 210Pb as well as from 
the atmosphere from the decay of 222Rn (Skwarzec and 
Jahnz, 2007; Thi Van et al., 2016). It can also be derived 
in insignificant quantities from lead-containing wastes 
from uranium, vanadium, and radium refining operations 
(WHO, 2017). The activity of 210Po in the environment 
has increased in the past due to human activities such 
as fossil fuel combustion, use of phosphate fertilizers 
in agriculture and discharge of domestic and industrial 
sewage (Hariprasad and Dayananda 2013). Even though 
210Pb has extensively been studied in the lake and 
ocean sediment for its activity and inventory for several 
decades mainly for sediment geochronology (Masqué 
et al., 2002), only a few studies have investigated 210Po 
activities in sediment [Pempkowiak et al., 2002; Wang and 
Cornett, 1993]. Currently, no study has been carried out 
in Kenya on sediment 210Po contamination. Such studies 
are however important given that Mombasa City is 
continuously experiencing an increase in urban growth, 
mining and industrial development thus putting pressure 
on environmental resources and ecosystems services 
particularly in the peri-urban creeks of Mtwapa, Tudor and 
Makupa Creeks through land-based pollution (Okuku et 
al., 2011). This study aimed at determining 210Po activity 
in the sediment cores collected from selected locations 
of the three per-urban creeks of Mombasa City in order 
to provide background activities and to understand the 
present and past 210Po contamination. 

Methods 

Sediment cores were collected using Uwitec corer 
(fitted with a 100cm plastic tube, Ø 8cm). The sediment 
cores were sectioned at a resolution of 1cm for the 
top 5cm section and thereafter at 2cm. The sections 
were placed in clean polyethene zip lock bags, stored 
and transported in a cool box to limit the biological and 
chemical activities. In the laboratory, the samples were 

weighed, oven dried at 70°C to complete dryness and 
reweighed to get the moisture content. Organic matter 
was determined by ashing 10g of sediment at 450°C 
for 6 hours. Sediment grain size was determined using 
Malvern Mastersizer 2000 laser diffraction particle 
size analyzer. The total 210Po activity in the sediment 
samples was determined as described by Benmansour et 
al., 2006. About 0.5 g of dry, homogenized samples were 
weighed into acid-cleaned Teflon beakers, spiked with 0.2 
g of 209Po tracer and digested using a concentrated HCl, 
HNO3 and HF at 80°C to incipient dryness. 9 g of boric 
acid and 100 ml of concentrated HCl was added to then 
digested at 80°C to incipient dryness to remove fluoride 
complexes. 80 ml of 0.5 M HCl was added to the residue 
and filtered using filter papers. 210Po was plated on a 
copper disc at 80°C for 6 hrs in a solution of the HCl 
filtrate and ascorbic acid (added to reduce Fe3+ to Fe2+). 
The procedure was conducted alongside a blank sample 
and two certified reference materials, IAEA SOIL - 327 
and AIEA SOP (01) 26.1071. 210Po activity was counted 
using alpha-spectrometry with silicon surface barrier 
detectors (EG&G) coupled to a PC running Maestro TM 
data acquisition software (Benedik and Vrecek, 2001). 

Results 

210Po activity in the top 5cm sediment ranged between 
30.16-43.44; 20.29-37.99 and 24.59- 36.55 Bq Kg-1 dw 
for Mtwapa, Tudor and Makupa Creeks respectively. 
The mean 210Po activity in the top 5cm sediment from 
Mtwapa (37.56±2.14SE Bq Kg-1 dw), Makupa Creek 
(30.42±2.16SE Bq kg1 dw; p >0.05) and Tudor Creek 
(28.64±2.86SE Bq kg-1 dw; p >0.05) were not significantly 
different (F=3.822; p>0.05) indicating that 210Po in the 
top sediment from these creeks were from the same 
source. However, comparison of the whole cores from 
the three creeks indicated that the cores were highly 
significant (F= 8.000; p <0.01) with the means of 18.67, 
13.09, 21.03 Bq kg1 dw for Mtwapa, Makupa and Tudor 
Creeks respectively. This is an indication that 210Po 
sources and amounts could have been different in the past 
but similar in the recent past. Generally, 210Po activities 
in Mtwapa (range: 30.16-43.44 Bq kg1 dw), Tudor (Range 
20.29-37.99 Bq kg1 dw) and Makupa (24.59-36.55 Bq 
kg1 dw) Creeks can be considered as relatively elevated 
compared to the other parts of the World. 

Conclusion 

210Po activities in Mombasa Creeks were relatively 
higher than in the other parts of the world indicative 
of an external source. Due to its radiotoxicity, more 
studies need to be conducted to understand the sources 
of 210Po, its bioaccumulation and the possible effects. 
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Background

Increasing temperature due to climate change and 
microplastic (plastics <5mm in diameter) pollution 
are major threats faced by marine biota. Increased 
temperature has the potential to affect plastic degradation 
rate, transport of plastic and microplastic from land to the 
oceans resulting in increased microplastic concentration 
in the ocean. Also, temperature influences physiological 
and intercellular mechanisms in ectothermic animals. 
This study investigated: (i) microplastics ingestion 
by Dotilla fenestrata, Pyura stolonifera and Holothuria 
cinerascens sampled from their natural environment at 
different seasons, and (ii) microplastics ingestion rate in 
Holothuria cinerascens exposed to varied temperature 
and microplastic concentration in the laboratory. 
The objectives were to determine if: (i) number of 
microplastics ingested by sampled animals will vary with 
season, (ii) microplastics ingestion rate will increase with 
increase in temperature and concentration. 

Methods

At low tide, 30- D. fenestrata, P. stolonifera and H. cinerascens 
were collected from Durban harbour, and Park Rynie 
beach, KwaZulu-Natal, South Africa respectively during 
winter (July, 2017) and summer (February, 2018). Animals 
were cleaned and transported in ice to the laboratory. D. 
fenestrata with shell (rinsed in distilled water), P. stolonifera 
without tunics, and H. cinerascens guts were digested in 
10% KOH for 24 hours at 60oC. Hyper- saline solution 
was added to the digestate, stirred and left to settle for 
72 hours minimum. The supernatant was vacuum-filtered 
onto 1.6 µm Glass Fibre A (GF/A) Filter and oven dried at 
60oC for 24 hours. Each filter was analyzed for microplastic 
with a light microscope using morphological characteristics. 
Identified microplastics were subjected to the hot needle 
test. For the laboratory study, Holothuria cinerascens were 
collected at Park Rynie Beach and acclimated for 24 hours. 
Thereafter, they were exposed to microplastics at different 
temperatures (19, 24, 28 and 32±1oC), concentrations (50, 
100 and 150 Polyethylene Fragment per LitrePEf/l), sizes 
(0.5 - 1 - <2mm) and times (48 and 72 hours). Animals were 
transferred to tanks void of microplastics to depurate for 
48 hours. Microplastics found in the guts and fecal samples 
were used to calculate the ingestion and retention rates. 
Rates were analyzed using R studio package 3.5.1. 

Results

results from the wild showed that more than 95% of 
animals sampled in both seasons ingested microplastic. 
Fibres had the highest occurrence in all the animals 
sampled in both seasons with exception of P. stolonifera 
in summer. D. fenestrata ingested more microplastics in 
winter (362) than in summer (219) while P. stolonifera and 
H. cinerascens ingested more microplastics in summer 
(138 and 307) than in winter (107 and 244) respectively. 
There is significant difference (P-value <0.05) between 
total number of microplastics ingested in winter and 
summer in D. fenestrata while no significant difference 
exist in P. stolonifera and H. cinerascens. More so, laboratory 
study showed that ingestion rate (PEf/ h) increased 
with increased temperature (0.4716, 0.5775, 1.9734 
and 0.8177) and microplastic concentrations (1.1464, 
1.7616 and 1.9734) while retention rate (0.0755, 0.1212 
and 0.1750) increased with microplastic concentration. 
Temperature at 28oC had significant (P- value <0.05) 
effects on microplastics ingestion rate while no significant 
difference was recorded between concentrations. 

Conclusion

highest number of microplastics recorded in P. stolonifera 
and H. cinerascens during summer might be because of 
increased rainfall and temperature. Increased global 
temperature and microplastic concentrations will 
increase susceptibility of studied animals to ingest 
and bioaccumulate more microplastics in their 
natural environment. Thus, more microplastics will 
be transferred to higher organisms including man, 
resulting in microplastics biomagnification in the food 
chain. Additionally, this has the potential to affect their 
ecological roles and that of their predators. 
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The atmospheric CO2 level has increased substantially from 
pre industrial level to present. Research has focused on the 
capacity of natural ecosystem to store carbon where by 
vegetated marine ecosystems have been reported to store 
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a large amount of carbon and therefore contributing to 
climate change mitigation. Previous studies on assessment 
of carbon stored by marine ecosystems focused on organic 
carbon only leaving CaCO3 precipitation by calcification 
unaccounted for despite the fact that it play a key role in 
carbon cycle and has been reported to be a key driver of 
climate change. Yet, the roles of calcification in the marine 
carbon budget remain poorly understood. In the present we 
conducted a laboratory experiment to investigate to test 
the hypothesis that calcification will consume carbonate 
from seawater its loss to the atmosphere. During this study 
calcifying algae (Coralline oficinalis) and non-calcifying algae 
(Ulva lactuca) where incubated while measuring changes in 
seawater pH, temperature and salinity and total alkalinity 
at one hour interval followed by equilibration by bubbling 
of compressed air until the pH stabilizes. Results show 
that only C. oficinalis had lower total alkalinity and total 
carbon after equilibration than the start value indicating 
carbon loss from seawater. No change in total alkalinity 
was observed in U. lactuca and after equilibration the total 
carbon returned to its start value indicating no carbon 
loss occurred in this treatment. Estimation on the carbon 
lost from calcification show that 0.6 mole of carbon is lost 
for every 1 mole of CaCO3 precipitated. These results 
demonstrate that calcification release a significant amount 
of CO2 to the atmosphere therefore it must be included 
in the assessment carbon stored in marine ecosystem for 
management purpose to enhance storage and mitigate the 
impact of human induced climate change. 

Keywords: Corallina oficinalis, Ulva lactuca,, 
calcification, CO2 release, climate change. 
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Background 

Mozambique has the third largest coastline in mainland 
East Africa. This coastline is – Somalia excluded – 
taxonomically the least explored in Eastern Africa. This is 
a matter of much regret given that studies show that this 
is an extremely productive and highly biodiverse region. 
Mozambique’s marine environment therefore deserves 
detailed taxonomic study. Regretfully, such study was 
largely non-existing for many taxa. 

Methods 

From April and May of 2018 a team of Belgian-Mozambican 
marine scientists sampled two neglected taxa in the 
South of Mozambique (Inhambane): echinoderms and 
macroalgae. In the present communication we report on 
this expedition. 

Results 

16 SCUBA dives and 4 intertidal collections resulted in 
465 samples of macroalgae, representing an estimated 
250 different species, and 322 samples of echinoderms, 
representing an estimated 75 species. We detail our 
findings and stress that our effort is an important 
contribution to the unveiling of the distribution 
and diversity of echinoderms and macroalgae in the 
region, and that ultimately taxonomic studies like 
these will ameliorate the management of biodiversity 
in Mozambique. In turn such better understanding of 
biodiversity will lead to much desired poverty alleviation. 

Keywords: Echinodermata; Algae; Taxonomy; Poverty 
Alleviation. 
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Background

The sponge Leucetta chagosensis has a wide distribution 
found in the whole Indo Pacific region. Even though it has 
been well studied in the Pacific Ocean, it is not the same 
for the West Indian Ocean (WIO). In general, there are 
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really few phylogeographical studies undertaken in the 
WIO and even fewer with regards to sponges. In order 
to increase our knowledge of sponge phylogeography 
in that understudied region, we aimed at constructing a 
global phylogeny tree for L. chagosensis and to assess any 
differences of the L. chagosensis found in the WIO to the 
rest of the world. 

Methods

188 sequences obtained from L. chagosensis were used to 
construct Maximum Likelihood and Bayesian Inference 
trees using mitochondrial cox3 and nuclear 28S markers, 
with haplotype networks constructed for each marker. 
The genetic structure, as well as diversity, of L. chagosensis 
were assessed using a phylogeographic approach. 

Results 

The results showed that L. chagosensis is composed of 
different colonies of cryptic lineages confined to different 
biogeographic regions. Genetic divergence was high 
(cox3 AMOVA Fst = 0.89, P <0.00; 28S AMOVA =0.70, P 
<0.00), with an average low nucleotide diversity but high 
haplotype diversity. 

Conclusion

The phylogenetic trees show six divergent lineages taking 
place with high structure occurring. The low nucleotide 
diversity may indicate a rapid expansion of the populations 
after a period of low population density. The L. chagosensis 
found in the WIO differ significantly from those found in 
the rest of the Indo-Pacific region. This study highlights the 
need for a sustained effort in resolving sponge biodiversity 
in understudied region like the WIO, particularly in the 
face of ongoing climate change. 
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Seamounts support ecosystems historically viewed 
as unique, diverse and productive, but potentially 
threatened by human activities, such as the exploitation 

of mineral and/or biological resources (e.g.: polymetallic 
crusts and fishing). Ecological paradigms need to be 
supported by more extensive studies particularly in 
under-sampled areas such as Indian Ocean, regional 
scale studies and taking into account the heterogeneity 
of habitats (Clark et al. 2010; Rowden et al. 2010). The 
Mozambique Channel, between the eastern African 
margin and Madagascar, is characterized by several 
modern isolated carbonate systems forming the Eparses 
islands, and flat top seamounts corresponding to ancient 
carbonate platforms subsequently affected by tectonic 
and volcanism (Courgeon et al. 2016). Seamount tops, 
and terraces along slope islands, all between 300 and 
800m depth, have been surveyed by a deep-towed 
camera, and benthic megafauna communities investigated 
by photo and video analysis.  Community structure 
varies in density, taxonomic composition and diversity 
between seamounts at regional scale, along the latitudinal 
gradient (11°S to 21°S) and according to the distance to 
the coast. Oceanographic regimes and surface primary 
productivity are potential drivers of these regional 
patterns.  Diversity also varies at seamount scale, 
positively influenced by geomorphological and substrate 
heterogeneity. Although diversity and endemism level 
need a greater sampling effort to be properly estimated, 
this first ecological study on the Mozambique Channel 
seamounts suggests that the complex oceanography and 
the long term evolution of carbonate platforms drive 
here a high diversity of benthic communities by a nested 
scale environmental control. This research was co-funded 
by TOTAL and IFREMER as part of the PAMELA (Passive 
Margin Exploration Laboratories) scientific project 
(Pamela-Moz01 (Olu, 2014) and PamelaMoz04 (Jouet 
& Deville, 2015) cruises) and by the Terres Australes et 
Antarctiques Françaises (TAAF, 10th EDF Indian Ocean, 
BIOMAGLO project) for the exploration of the Mayotte 
Island (Biomaglo cruise (Corbari et al. 2017). 
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Background 

Mangrove forests offer important ecosystem services, 
including their capacity for carbon sequestration and 
stocking, which is at the rate of four times higher 
than other terrestrial forest ecosystems. This value 
of mangroves offers opportunities for carbon trading 
to support and promote sustainable mangrove 
conservation through community-based mangrove 

11th WIOMSA Scientific Symposium 364



carbon credit projects. However, important prerequisite 
site specific knowledge on biomass and carbon stocks 
which are influenced by local climate, age of forest, 
soil factors and the management regime of respective 
forests is still limited for many of the mangrove sites, 
including mangroves of Tanga region. This study aimed to 
conduct mangrove forest inventory and soil assessment 
to estimate carbon stocks in the villages of Boma and 
Mahandakini Mkinga District Tanga, as a necessary 
baseline data for carbon accounting to inform possible 
opportunities for carbon market schemes. 

Methods 

The study was conducted in the mangrove forests of 
Boma (4°50’0”S, 39°20’0”E) and Mahandakini (4°40’0”S, 
39°10’0”E) in the northeastern coast in Tanga region, 
Tanzania. At each site, transects were made along the 
sea to land gradient with three sampling plots of 10 m 
radius along each transect stratified as lower, mid and 
upper zone. Four such transects were laid for Boma 
and three transects for Mahandakini mangroves, making 
a total of 21 sampling plots. In each sampling plot, all 
trees with <2.5cm stem diameter were identified by 
species, counted and grouped as saplings. All trees with ≥ 
2.5cm stem diameter at breast height (DBH) were also 
identified by species, counted and measured their DBH. 
Soil cores were retrieved to a depth of 200cm where 
possible from a point near the sampling plot centre, using 
Peat Auger (AMS Inc., American Falls, Idaho, USA). Forest 
inventory data was processed using standard forest 
inventory analysis procedures to characterize forest 
structure and composition. Estimation of above-ground 
biomass (AGB) and below-ground biomass (BGB) in kg 
used general allometric equations: AGB = 0.251* ρ * (D) 
2.46 and BGB = 0.199* ρ0.899* ¿, where D = Diameter 
at breast height (cm), ρ = Average wood density (0.752 
gcm-3). Dry combustion (Loss on Ignition) procedure 
was used to determine soil carbon stock. 

Results 

Four mangrove species were identified within sampling 
plots, namely Rhizophora mucronata, with density of 
3717 trees ha-1 , Ceriops tagal (3722 trees ha-1), Bruguiera 
gymnorrhiza (1092 trees ha-1) in Boma and Rhizophora 
mucronata (2803 trees ha-1), Ceriops tagal (1363 trees ha-

1), Bruguiera gymnorrhiza (204 trees ha-1) and Avicennia 
marina (51 trees ha-1) in Mahandakini. Other species 
encountered and identified outside sampling plots were 
Xylocarpus granatum, X. mollucensis, Sonneratia alba and 
Pemphis acidula in Boma and only S.alba in Mahandakini. 
Total basal area was 25.78 m2 ha-1 and 18.01 m2 ha-1 
for Boma and Mahandakini respectively. Rhizophora 
mucronata had the highest importance value in both 
sites. Total ecosystem carbon stock was 282.94 Mg C 
ha-1 and 386.49 Mg C ha-1 with the soil carbon stock 
contribution of 42.46% for Boma and 70.30% for 
Mahandakini respectively. For biomass carbon, AGB in 
Boma contributed 36.99% and BGB 20.54% whereas for 
Mahandakini AGB contributed 19.07% and BGC 10.62% 
of the total ecosystem carbon stock. 

Conclusion 

High tree densities were observed, but small diameters 
of plants resulted in low basal area and low AGB and 
BGB. Low soil carbon densities reflected the small total 
ecosystem carbon stocks in the two sites, suggestively 
due to rocky geomorphology. Despite these small 
carbon stock compared to other carbon rich mangroves, 
both sites still hold potential for carbon market 
schemes establishment because of their exposure to 
anthropogenic degradation that warrant schemes for 
avoided deforestation and emissions in contribution 
to climate change mitigation. Such schemes would also 
reward local communities for foregoing extractive 
exploitation and conversions to other land uses. These 
findings serves as baseline to inform the necessary 
monitoring, reporting and evaluation to support such 
potential carbon credit schemes.

POSTER

Catch per unit effort and biology of the 
Orangemouth anchovy Thryssa vitrirostris exploited 
by the illegal and uregulated stow net at the Beira 
Estuary, Sofala Bay. 

ONESIA MADALENA ARMANDO MUIDUE,; 
ALMEIDA T. GUISSAMULO, VALERIO MACANDZA

Pedagogic University and Eduardo Mondlane University, 
Maputo.Mozambique

Eduardo Mondlane University, Maputo Mozambique

Email: onemuidue@gmail.com

Artisanal fishers in Mozambique use a wide range of 
fishing gears, usually modifying them with unregulated 
mesh size to maximize the reducing catches they face 
overtime due to overexploitation. Among these gears 
are the stow nets, used widely in nearshore waters of 
Sofala Province by artisanal fishers near estuaries and 
fringing mangroves. However, this study aims to analyses 
the impact of stow nets on catch per unit effort (CPUE) 
and the biology of orange mouth anchovy (T. vitrirostris) 
population exploited at the Beira Estuary. The orange 
mouth anchovy is a low cost staple marine food widely 
consumed by coastal and traded to inland populations in 
central Mozambique. This study examined data extracted 
from the PESCART databank for storage and retrieval of 
catch and effort data from artisanal fisheries. Therefore 
analysis of catches, effort and estimation of CPUE was 
based on this for the three fishing centers of the Beira 
Estuary (Praia Nova, Palmeiras and Farol-Estoril). Field 
surveys for collection of specimens was also conducted 
over a period of 72 days distributed throughout the year 
2013 to get collect and measure total length, estimate 
sexual proportion and gonad maturity.. Catch and effort 
data was collected for 72 day was obtained and 2160 

11th WIOMSA Scientific Symposium 365



fishes sampled and analyzed in the lab. Monthly CPUE 
varied significantly, largest values were estimated in 
January and December while the lowest were recorded 
in March. T. vitrirostris mean proportion in the catches 
represented 10%, being the fourth species most captured 
in stow nets. Total fish length ranged between 4 and 
18cm, mean total length was 10.96cm male individual and 
11.36cm in female individuals Length at first maturation 
was estimated as 12.5cm for male and 13.5cm for female 
individuals. Female fishes were significantly more caught 
than males (sexual proportion 0.6:0.4). Individuals in the 
maturity stage IV in females were the most abundant, 
and the proportion peaked in 1st trimester (Jan-March), 
with coinciding with rainy season and floods. This 
research confirms that stow nets have a harmful impact 
on the population of T.vitrirostris, by catching a large 
proportion of juvenile individuals and mature females. 
Therefore, management measures to restrict or ban the 
use of this fishery. 

Keywords: catch per unit effort, maturity, length at first 
maturation, stow nets, harmful fishing gear
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Coral reefs form some of the most spectacular, 
biologically and structurally diverse marine ecosystems. 
They represent sources of income and resources 
through their role in tourism, fishing, building materials, 
coastal protection and the discovery of new drugs 
and biochemicals. In addition to suffering from a long-
term decline due to direct anthropogenic disturbances, 
they currently face a greater threat from climate 
change induced increase in sea surface temperature. 
Scientists question whether they will exist as functional 
ecosystems by the end of the century due to the 
projected global warming. Given the scale and impact 
of mass coral bleaching on coral reefs there has been 
growing interest in understanding the underlying cellular 
and molecular mechanisms of resilience and vulnerability 
to bleaching. To aid in conservation efforts and to enable 
more rigorous and realistic predictions of the effects 
of anthropogenic climate change on marine systems, 
accurate metrics of coral status are desired to determine 

those species and populations most threatened by 
climate change. Numerous biochemical indices have been 
examined in corals, including the induction of heat shock 
proteins, the regulation of antioxidant enzymes and 
the accumulation of ubiquitin-conjugated proteins. The 
positive correlation between variation in these indices 
and the intensity of various stressors has led to the 
promotion of molecular biomarker systems for assaying 
coral health. Another potentially informative indicator 
of organismic metabolic state is RNA (Ribonucleic 
acid) content and the RNA/DNA (DeoxyRibonucleic 
acid) ratio, an index already successfully and broadly 
employed to determine protein synthetic capacity and 
ecophysiology in fishes. Thus to assess the underlying 
molecular and cellular mechanisms underlying responses 
of two hard corals of varying resilience to climate change 
induced sea surface temperature increase in this study, 
coral nubbins belonging to a branching, less resilient hard 
coral Pocillopora species and a mounding, comparatively 
more resilient coral Anomastrea species were exposed 
to elevated temperatures under controlled laboratory 
conditions. Samples for RNA and DNA extraction 
were taken immediately after heat stress, 24 hours 
after heat stress and when partially bleached. Both 
RNA and DNA were extracted from the same sample 
using Trizol reagentTM and purified using silicon mini-
columns according to the manufacturer’s instructions. 
Extracted total RNA and DNA were quantified using 
Nanodrop ND-1000 (Thermo Scientific). Both intertidal 
and subtidal heat stressed samples belonging to 
Anomastrea species recorded higher mean RNA/DNA 
ratios (6.8±1.6) than similar control samples (4.3±2.5). 
This seemed to indicate increased protein synthetic 
capacity despite heat stress hence possible resilience 
to climate change. On the contrary, heat stressed 
samples from intertidal and subtidal habitats belonging 
to Pocillopora species recorded a lower mean RNA/
DNA ratio (12.7±9.2) compared to control samples 
(15.1±9.4) indicating that more energy was directed to 
heat stress as opposed to protein synthesis. Pocillopora 
species recorded significantly higher RNA/DNA ratios 
than Anomastrea for both control and treatment samples 
(df =1, p= 0.015 F= 7.45). This is a pointer to differing 
molecular response mechanisms to heat stress hence 
implications on the resilience to climate change. Only 
species had a significant effect on RNA/DNA ratios, 
while habitat (sub-tidal versus intertidal) and treatment 
(heat stress versus control) did not have a significant 
effect on the RNA/DNA ratios. The findings provide an 
insight as to why some coral species are more resilient 
to climate change than others despite their geographical 
location or prevailing sea water temperatures. This 
can help predict the effects of climate change on coral 
reefs and possibly help with management and genetic 
interventions mechanisms. 
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The Malindi–Ungwana Bay fishery Kenya is one of the most 
important marine fisheries of the western Indian Ocean 
though challenged by a decline in catches. This is attributed 
to the physicochemical parameters of both the sediment 
and water including depths which holds a great significant 
impact on fish species (shrimps) biomass. Sediments have 
been described as a ready sink of pollutants where they 
concentrate according to the levels of pollution. Using 
sediment heavy metals, a deeper insight into the long-
term pollution state of the aquatic environment can be 
enumerated. Sedimentation processes must be investigated 
for a wide expanse of locations and quantified on at least a 
decadal to century scale, so as to resolve annual variations 
in the spatial distribution and amount of sediment 
transferred from the channel to the floodplain by giving out 
a baseline on the histories of radionuclides. This study in 
July 2018 seeked to ascertain the sediment accumulation 
rates and geochronologies of Malindi –Ungwana bay (2 
30° S, 40 00° E) using 210pb dating method for the best 
Conservation practices and management of the declining 
fisheries. The present status of research concerning 
the determination of sedimentation from uplands using 
radionuclides is insufficient to this aquatic environment. 
Water and sediment quality samples were collected from 
selected rivers location [{Athi: Sabaki mouth} and {Tana: 
Kipini}] using a multiparameter meter (YSI Professional 
Plus), U witech corer (fitted with a 50cm plastic samplers, 
Ø 8cm) inshore at depths of 25m -60m. Based on the 
sediment cores, a tentative conclusion remarks that Malindi 
sediment grain size comprised of 53.6% sand, 30.2% silt and 
16.2% clay. While Kipini (Ungwana bay) had 33.9% sand, 
53.3% silt and 12.8% clay. The bay’s sedimentation tracer 
elements (210Pb and 137Cs) exhibited low values for 
both cores where: specific activities were less than 10Bq 
kg-1 for 210Pbxs and about 1Bq kg-1 for 137Cs. These low 
activity values, together with the downcore distribution of 
210Pbxs, will now allow for the best selection for the best 
application of mathematical dating model; CF: CS (Constant 
Flux: Constant sedimentation), CIC (Constant Initial 
Concentration) and; CRS (Constant Rate of Supply), SAR, 
TERESA model, enrichment factor (EF), geo-accumulation 
indicator (Igeo) and contamination factor (CF), will also 
be considered because it operates with initials based on 
the vertical distribution of available trace elements and 
radionuclides determined using XRF, ICP-OES and HPGe 
detector. 
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Introduction 

Mapping the spatio-temporal distribution of fishing 
effort and its likelihood impacts on marine ecosystems 
is fundamental for supporting ecosystem based 
management and identifying priority areas for directing 
management resources. This is particularly important 
for developing countries where resource allocation is 
biased against fisheries management and monitoring 
data is sparse. We utilise free available Automatic 
Identification System (AIS) data to investigate the spatial 
distribution of fishing effort by mapping the density of 
commercial large-scale fishing vessel in the Western 
Indian Ocean (WIO). We use this to estimate a gradient 
of susceptibility of ecosystems to potential negative 
impacts from commercial fishing. 

Methods 

Our approach couples the AIS data with datasets on 
ecosystem components such as endangered species 
and existing Marine Protect Areas (MPAs), achieving 
a potential fishing impact map for exiting MPAs and 
identifying new priority areas for fisheries management 
and biodiversity protection at a 10km grid for the whole 
WIO region. We obtained the AIS data from the global 
fish watch project while marine mammal and sea turtle 
distribution was obtained from species distribution 
maps from the International Union for the Conservation 
of Nature (IUCN). MPAs data was obtained From the 
World Database of Protected Areas (WDPA). 

Results 

Our results points out to an increased potential impacts 
of fishing on MPAs especially in remote areas whose 
susceptibility to the fishing impacts may be attributed to 
insufficient monitoring and surveillance methods, giving 
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a significance to our methodological approach which 
could be utilised as an option for low cost monitoring . 
Another interesting result of our study is the substantial 
differences on impacts between territorial boundaries, 
signifying different level of protection and management 
at countries level, area beyond national jurisdiction and 
areas of international territorial disputes. 

Conclusion

This study is the first to provide insights on spatial 
distribution of fishing effort and potential impacts on 
ecosystems at a regional scale in the WIO region. Our 
findings suggest a need to harmonise management efforts 
to have a regional focus, which could easily be achieved 
by using latest technology and low cost methodologies 
such as the one used in this study. 

Keywords:  Automatic Identification System, 
Conservation planning , Ecosystem Based Management, 
Western Indian Ocean, 
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Mafia Island Marine Park (MIMP) is among of the three 
Marine Parks in Tanzania after Mnazi Bay Ruvuma Estuary 
Marine Park (MBREMP), Tanga Coelacanth Marine Park 
(TACMP). MIMP was established in 1995 as Tanzania’s first 
multi-user zone marine park. Before the implementation 
of strategic adaptive management several short comings 
were revealed to all MPAs in the WIO Region which 
includes unclear management objectives for MPAs, 
ad hoc decision making without data, few systems for 
demonstrating effectiveness and low capacity of MPA 
managers to deal with uncertainty. Implementation 
of Adaptive management has been attempted in Mafia 
Marine Park in Tanzania since March 2014 as a way of 
dealing with uncertainty in the management of the coral 
reef ecosystems. Data derived from ecological monitoring 
is used to provide information for long term responses 
to management practices. Coral reef monitoring used 
a 40m point count with one point every meters (Point 
Intercept Transect) where Hard Coral, Coralline algae, 

Rubble, Dead coral, Rock/ Bare rock, Sand, Soft Coral, 
Seagrass, Sponge, Halimeda and Others are monitored 
on monthly basis at six sites within MPA. This study 
examines hard coral cover trend since 2015 when 
effective data collection implemented to present. Data 
are used to aid daily Management of marine resources for 
informing MPA decision making based on data acquired 
based on ecological limit, options available and MPAs 
Objectives. Before implementation of strategic adaptive 
management hard coral cover was not documented and 
scientific information relied on external researches and 
after implementation monitoring is done by MPA staff 
and community, data stays at MPA and decision making 
based on data acquired based on ecological limit, options 
available and MPAs Objectives 

Keywords: Marine Protected Area, Strategic Adaptive 
Management, Coral reef, Monitoring 
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The vertical profile for Temperature, Salinity and Oxygen 
obtained from second international Indian ocean 
expedition research cruise under S.A Agulhas research 
vessel conducted from 15th October- 15th November 
2017 (V028), following by second survey under the same 
research vessel began from Dar es Salaam to Comoro 
in June 2018 (V032), bridged the gap of water masses 
existed since the last study of the hydrographic structure 
of Tanzanian coastal water in 1983. For a purpose 
analyzing the status of water masses of the coastal water 
of Tanzania, the transects made during the 1st and 2nd 
survey on Tanzania Coastal water from Tanga (Northern 
part of Tanzania) to Mtwara (Southern of Tanzania) 
have been considered in the present manuscript. In the 
1st cruise (V028), a total of 31 stations were surveyed 
of which 3 stations were established at Chwaka bay, 
Zanzibar, 7 stations at Dar es Salaam, 8 stations at 
Pwani, 4 stations at Mafia Island, 5 stations at Lindi and 4 
stations along the Ruvuma River plume in Mtwara. In the 
2nd cruise (V032), a total of 18 stations were surveyed 
along the coastal zone of Tanzania. During this survey 
the setting of stations differed from the 1st survey. Only 
three stations were surveyed in Mtwara, Mafia Island 
and Dar es Salaam (make a total of 9 stations) and the 
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remaining 9 stations were distributed equally from Dar 
es Salaam towards the Northern part of Tanzania. The 
physical properties (Conductivity, Salinity, Temperature 
and Dissolved Oxygen) in both surveys were measured to 
a maximum depth (depending to the bathymetry of each 
station) using Seabird Conductivity-Temperature-Depth 
sensor (CTD). The performance of the CTD was checked 
against water bottle salinity samples using salinometer. The 
CTD was also equipped with Oxygen and Fluorescence 
sensors. The data from the CTD was scanned by SeaSave 
software before processed by Seabird tool. The final 
outputs were visualized by Ocean Data View (ODV). The 
results showed that, the surface temperature throughout 
the coastal waters from Northern to Southern of Tanzania 
varied between 26.7 and 28.5°C. The maximum sea 
surface temperature occurs between Zanzibar and Dar 
es Salaam, while the minimum tends to occur at Mtwara, 
Pwani and Tanga. The surface salinity was ranged from 35.2 
to 35.6psu. Although in some stations, particularly Mtwara, 
Mafia island and Tanga stations, water of lower salinity 
predominates which was demonstrating the influence 
of the freshwater outflow, especially off the mouths of 
major rivers such as Rufiji, Ruvuma, Ruvu and Pangani. The 
surface layer throughout the coastal zone, was well mixed 
up to a depth of 200m and the dissolved oxygen in this 
layer was saturated. These characteristics observed in the 
surface layer of Tanzanian coastal water are in-line with 
characteristics of Tropical Surface Water originated from 
near the Equator where there is an excess of precipitation 
over evaporation leading to a freshening of surface water 
warmer than 24°C. In comparison with a study by FAO 
(1983), the surface water mass lying above 100m was 
seemed to be originated in the Bay of Bengal and the 
eastern Indian Ocean area and brought to the west by the 
South Equatorial Current. Unlike surface water, the bottom 
water observed at Mtwara and Lindi are more likely 
similar. These bottom waters which were found at a depth 
between 733 to 1364 m, associated with low dissolved 
oxygen, low temperature (5-7oC) and the salinity ranges 
from 34.8 to 35.  According to characterization of water 
masses by Lutjeharms (2006), the bottom water observed 
in Lindi and Mtwara comprise the water masses from the 
Red Sea. This Red Sea Water derives its high salinities and 
thus densities in the Red Sea and, partially,  the Persian 
Gulf, due to an excess of evaporation over precipitation 
and moves directly poleward along the east coast of 
Africa. It was not possible to identify Red sea water and 
other water masses during the study of Tanzanian Coastal 
waters by FAO (1983) because the hydrographic sections 
studied were limited to a depth of 500 m only. The 
subsurface layer at Mtwara and Lindi (depth 210-610 m), 
the water has a salinity ranges from 34.8 to 35.4 psu and 
moderate dissolved oxygen. Based on this characteristic, 
this subsurface layer can be a subtropical surface water, 
originated in the austral subtropical anticyclonic gyre, 
under the influence of an excess of evaporation over 
precipitation. The water masses observed in Zanzibar at a 
depth between 852- 1188m have the same characteristics 
of with water masses observed at Mafia, Pwani and Dar 
es Salaam. At the bottom, the water was characterized 
with salinity ranging from 34.85 to 35.3 psu, low dissolved 

oxygen and the temperature ranging 5 to 10oC, in contrast 
to bottom water, the dissolved oxygen in the subsurface 
water (185 – 455m) was saturated at a temperature 
ranging between 10 – 15oC and a salinity between 34 – 
35 psu. The surface water was well mixed with high level 
of dissolved oxygen and temperature ranging from 20 to 
27oC. Due to this observation, the coastal waters within 
the mentioned area, consists of Tropical surface water at 
the surface layer, Subtropical surface layer at subsurface 
layer and South Indian Central Water at the bottom. 
The present study through analysis of the field data 
from 028 and 032 voyages in Tanzanian Coastal waters 
has therefore revealed the presence of 5 major water 
masses: (i) Tropical Surface Water (ii) Arabic Sea Water (iii) 
Subtropical surface water (iv)South Indian Central and (v)
Water and Red Sea Water 
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In the past, the fishermen of Mafia Island in Tanzania and 
other stakeholders in the fishing industry considered 
the flesh of the ray fishes to be of relatively poor quality. 
Artisanal fishers therefore did not widely target these 
Chondrichthyes for human consumption. But in the recent 
years the story has changed whereby ray fishes have quickly 
become a sought-after product – and a major target for 
local fishermen all around Mafia Island, hence rise fears 
that the stock is subjected to overfishing. However, the 
presence of inadequate information reporting on artisanal 
fishery of ray fishes resulted into this research in order 
to provide scientific information relevant to management; 
and social economic information to increase awareness 
and propose the conservation strategies for ray fishes. 
The samples for the study were randomly purchased 
from artisanal fishers’ landings at Tumbuju, Mfuruni and 
Bwejuu sites based on seasons (northeast and southeast 
monsoons). Data for fishing crafts, gears and different 
social groups (males & females) participated in this fishery 
was collected through semi – directive interviews. Catch 
per unit efforts (individuals’ weights / vessel trip), were 
determined for ray fishes from landings in all locations. 
The analysis of ray fish abundance per fishing vessel trip 
during northeast monsoon showed that Mfuruni site had 
higher catch rate of 226.90±26.20 kg / vessel trip than 
Tumbuju site 128.80±4.20 kg / vessel trip ; and Bwejuu 
site which recorded the lowest catch rate of 128.80±4.20 
kg / vessel trip. Mfuruni site also recorded the highest 
bycatch rate of 52.50±7.03 kg / vessel trip compared to 
bycatch rates observed from Tumbuju site 35.50±2.03 
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kg / vessel trip and Bwejuu site 23.50±2.50 kg / vessel 
trip. No fishers were targeting ray fishes during southeast 
monsoon (SEM), except fin fish fishers who sometimes 
landed the rays as the bycatch. Therefore, the highest 
bycatch rate of 38.30±6.20 kg / vessel trip was landed 
to Mfuruni site; Tumbuju site recorded 21.20±3.03 kg / 
vessel trip and the least bycatch rate of 15.00±0.60 kg / 
vessel trip was observed from Bwejuu landing sites. In the 
meantime, the results for poolled livelihoods survey data 
showed that 39 (70%) females were the main vendors of 
ray fish fillets compared to only 16 (30%) men. Most of 
women confessed to engage in this business in order to 
up lift home income. Participation of different social group 
in terms of age and ethinicity were also considered in the 
analysis. The age profile of respondents was similar at all 
sites, from 15 – 65 years old. The majority of the women 
involved in this entrepreneurship had the age ranged 
between 15 and 50 years old; very few women had the 
ages above 50 years old. In the case of men, few men aged 
from 25 to 62 years old participated into this. The presence 
of consistent catch data in terms of weight and number 
can be a useful indicator of the fishery trends of ray fishes. 
The presence of consistent catch data in terms of weight 
and number can be a useful indicator of the fishery trends 
of ray fishes. This would give direction to whether this 
fishery is sustainably exploited or overexploited. 

Keywords:  Artisanal fisheries; Local livelihoods; 
Ray fishes; Catch; Exploitation; Age and ethinicity; 
Interpreneourship 

POSTER
Fishermen community perception on the 
protection of Marine resources and their responses 
to Government policy in the deep Southern 
Madagascar

PAUBERT T. MAHATANTE1,2, NOMENISOA LE DON1, 
MARA E. REMANEVY1,2, DANIEL RABERINARY1,3, 
SYLVAIN MAHAZOTAHY2 

1Institut Halieutique et des Sciences Marines – 
Université de Toliara Madagascar 

2Centre Universitaire Régional Androy – Université de 
Toliara Madagascar 

3Institut d’Enseignement Supérieur de Taolagnaro – 
Université de Toliara Madagascar 

Email: paubert5@yahoo.fr

Background

The deep southern Madagascar is reputed by the 
richness of its marine resources thanks to the existence 
of, among others, the upwelling system and the large 
continental shelf. The « deep south expedition » report 
in 2010 confirmed this situation. Yet, shells and lobsters 

are overexploited. In 2014, creation of marine reserves 
was attempted to restore lobsters’ stock and to improve 
fishermen’s livelihood as lobster fishery is one of their 
major source of income but they have refused as they 
replied meteorological conditions regulate naturally 
fishing effort in that region. Nevertheless, government 
policy may influence the position of fishermen community 
that is well known as poor and vulnerable to climate 
conditions. 

Methods

To follow up with this governance analysis, another 
assessment was conducted from may 20 to june 20, 2018. 
390 fishermen in 13 fishermen villages in the Androy 
were interviewed to ask their opinion on the creation of 
a marine protected area in that region. T test was again 
used to compare the percentage of the « yes » and « no » 
answers. A deep analysis of the current fishery governance 
and policy was carried out as well to find out if there is a 
link between the decision taken by the fishery department 
and the responses from fishermen community and their 
perception on the protection of the marine resources. 

Results

As result, this time, fishermen agreed as there is a 
significant difference between the two groups of answers. 
In comparison with the « no » answer of the fishermen 
community in 2014, this situation brings us to analyze 
the factors that pushed them to finally accept. In fact, 
Malagasy government gave fishing licences to 06 chinese 
vessels to operate from Morombe, northern Toliara, 
to Fort-dauphin, south east Madagascar in december 
2017. This situation contributed to negatively impact 
fishermen’s livelihood. Fishermen with the support of 
NGOs launched petitions against that decision but in 
vain. That was the main reason that pushed fishermen 
community to finally agree on the protection of the deep 
southern Madagascar marine resources. 

Conclusion

In spite of meteorological conditions, government policy 
influences the position of fishermen community. Their 
favourable position on the protection of the marine 
resources in may-june 2018 is mainly due to the fishery 
department decision that having conceded licences to 
chinese fishing vessels to operate in their fishing zone 
and not just because they are totally convinced that 
it is needed as it was the case in 2014. In conclusion, 
in a poor area, fishermen look at their survival before 
protection of marine resources. It is recommended to 
Government and NGOs to take into consideration the 
socioeconomy of fishermen community when taking 
decision and elaborating policy. 
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Positive effects of long term, large-scale coral reef 
restoration prevails beyond natural disturbances. 

PAUL ANSTEY, CHLOE SHUTE, SARAH FRIAS 
TORRES, PHANOR MONTOYA MAYA, NIRMAL 
SHAH. 

The widespread bleaching event in 1998 caused 
significant disturbance to coral reefs within the Western 
Indian Ocean, resulting in up to 98% coral mortality 
within the Seychelles. In 2011, a large-scale coral reef 
restoration project was implemented to facilitate reef 
recovery and enhance ecosystem services within the 
Cousin Island Special Reserve. Between December 2012 
and June 2014, a total of 24,431 nursery-grown coral 
colonies from 9 different species were transplanted in 
5,225 m2 (0.52 ha) of degraded reef, at the Cousin Island 
Special Reserve. Coral nubbins, collected from survivors 
of the 1998 event and corals of opportunity, were raised 
within in-situ midwater nurseries. To measure the effects 
of restoration on natural recovery, ecological monitoring 
was completed before and after initial transplantation, at 
the transplanted site and the two adjacent control sites 
(degraded and healthy). In 2012, before intervention, live 
coral cover, juvenile coral density (<5cm in diameter) 
and fish density at the transplanted and degraded sites 
were similar. By 2014, live coral cover, juvenile coral 
density and fish density at the transplanted site were 
5.5, 1.6 and 1.4 times higher than at the degraded 
control site, respectively. Following a series of natural 
disturbances throughout 2015 and 2016, live coral cover 
decreased dramatically across all sites. Surviving corals 
(i.e. thermally resilient) were identified, stocked and 
transplanted (1,837 colonies between 2017 - 2018) in an 
ongoing effort to repopulate the reef. Preliminary results 
from long-term monitoring show that the positive effects 
of transplantation are still apparent, whereby juvenile 
coral density and fish density at the transplantation site 
remain higher than at the degraded control site. This 
work highlights that the positive effects of large-scale 
reef restoration continue even after the occurrence 
of natural disturbances, potentially due to prevailing 
structural complexity following coral mortality. 

Keywords: large-scale, reef restoration, natural 
disturbances, structural complexity, natural recovery, 
coral reefs 
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While there are considerable industrial marine fisheries 
in the south-western Indian Ocean (SWIO), notably for 
tunas and crustaceans, regional Small Scale Fisheries 
(SFF) are of greater social importance, employing >0.5 
million fishers and contributing >70% of regional marine 
fisheries’ catches. Despite often being overlooked, SSF 
may impact marine ecosystems, thus they reflect the 
global challenge of balancing conservation goals with 
communities’ dependence on marine resources. Marine 
megafauna (elasmobranchs, marine mammals and sea 
turtles) are vulnerable to fisheries, and play important 
roles in marine ecosystems. Yet, little is known of the 
interactions between SWIO SSF and these species. This 
lack of information was the main driver for the WIOMSA/
MASMA funded BYCAM project. The overall aim of 
BYCAM was to provide for future sustainable fisheries 
by creating a baseline estimate of current marine mega 
fauna exploitation and subsequently develop and test 
methods for mitigation of vulnerable megafauna catches, 
and to provide recommendations for future governance 
and management. BYCAM focussed on three fisheries 
with known bycatch problems: semi-industrial prawn 
trawls, and small scale coastal longlines and gillnets, to 
address the following objectives: 

1. Quantify SSF catch and composition of vulnerable 
megafauna and assess relative species vulnerability 
through Productivity Susceptibility Assessment. 

2. Explore life-history and relative extinction risk 
for selected species important to the fishery 3. 
Compare outputs of questionnaire survey based 
assessment and landings monitoring. 

3. Assess fishers’ dependence on elasmobranch 
resources, their use and value. 

4. Develop and test low-cost mitigation methods to 
reduce catch of megafauna in gillnets (dolphins in 
driftnets) and longline (turtles) and assess impact 
on target species catch 
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5. Assess and trial turtle excluder devices (TEDs) in 
prawn trawls. 

6. Investigate limitations in existing policy, resource user 
perceptions of management and management efficacy. 

Methods 

1. SSF megafauna gillnet, longline and handline landings 
were observed over 12 months (2016- 17) at 21 
sites across three countries (Kenya, Zanzibar and 
northern Madagascar). 

2. Collection of tissues for aging, subsequent 
assessment of fundamental life-history parameters, 
calculation of total, fisheries and natural 
instantaneous mortalities and comparison with 
estimates of maximum intrinsic rate of population 
increase. 

3. Bland-Altman assessment of method outputs from 
questionnaire survey and landings based catch 
assessments over identical spatio-temporal scales. 

4. Questionnaire surveys collating data on socio-
economic background and dependence on marine 
megafauna groups for economic and subsistence uses. 

5. Low-cost acoustic reflectors (plastic bottles 
with air) and alarms/“pingers” (glass bottles with 
pendulum bolt) were trialled in driftnet fisheries in 
Kenya and Zanzibar. Circle hooks were compared 
to traditional J-hooks in trials conducted on 
longline fisheries in Kenya. 

6. Analysis of previous efforts to test TEDs on prawn 
trawls in Kenya and Tanzania was undertaken, and 
a gear specialist was contracted to undertake trials 
of TEDs off Kenya. 

7. National governance workshops were conducted in 
Kenya, Madagascar and Zanzibar with participation 
by relevant stakeholders. 

Results 

1. The SSF study identified 59 megafauna species 
caught in SWIO SSF. Overall the catch was 
dominated by small-medium sized coastal requiem 
sharks and whiprays, which also appear to be the 
most vulnerable. Catch of oceanic, deeper-water 
and large coastal elasmobranchs demonstrated 
the potential for SWIO SSF to impact a range of 
ecosystems. SWIO catches of elasmobranchs were 
estimated at 73% >than the total reported to the 
FAO in 2016. 

2. Assessment of the recently described Baraka’s 
whipray suggest it may be one of the few 
sustainably harvested elasmobranchs at the global 
level, but the SWIO SFF catch demographics 

indicate a likely unsustainable catch. 

3. Comparison between survey and landings based 
assessment methods show little evidence of 
equivalence and signal the need for a multi-method 
approach to short-term assessments. 

4. Elasmobranch dependent households are specialist 
livelihood strategies relative to the rest of the 
fishery, and may therefore be less resilient to 
social, economic and environmental shocks 5. Tests 
confirmed that bottle alarms and reflectors should 
facilitate gillnet detection by dolphins, although no 
dolphins were caught in any of the observed 1107 
control and test nets set. Bottles did not affect fish 
catch and fishers were positive about continued 
use of the bottles, further trials are underway. No 
difference in turtle catch recorded in the longline 
trials. J-hooks had a significantly higher target catch 
compared to circle hooks, further analyses needed 
to investigate effect on species level. 

5. Analysis of previous TED use in SWIO prawn 
trawls indicates need for improved installation 
techniques. The TED trials in Kenya showed that 
efficient installation would not cause a loss of 
targeted prawns, although no turtles were caught 
in any of the test trawls. 

6. The outputs from the national governance 
workshops identified barriers to assessment and 
management of SFF, and to mitigation of vulnerable 
megafauna in SFF. Strategies to overcome barriers 
and for building participatory governance 
frameworks to promote sustainable fisheries 
management within the WIO were identified. 

Conclusions 

The project has provided a much needed first assessment 
of SFF in the SWIO region and demonstrated that 
current FAO data for elasmobranch catches are seriously 
underreported. The implication of this is that vulnerable 
elasmobranch species may be overexploited and further 
that the specialist house livelihood strategies relying on 
this catch are also under threat. The project demonstrates 
the need for a multimethod approach towards assessing 
marine megafauna interactions with SSF in data-poor 
areas. The low cost mitigation methods developed and 
trialled in the project to reduce bycatch of vulnerable 
megafauna are promising. Funding has been secured and 
new trials with the bottle alarm and acoustic reflectors 
are underway. Further, there is considerable scope for 
more wide-spread use and implementation of TEDs in 
SWIO prawn trawls. The project has taken the first steps 
towards building governance frameworks to promote 
sustainable fisheries management within the WIO.
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Recently put into limelight, blue carbon has gained 
recognition as a strategy to mitigate climate change. 
Blue carbon is defined as the carbon stored, sequestered 
or released from coastal ecosystems of tidal marshes, 
mangroves and seagrass meadows. Mangroves are 
the most important blue carbon ecosystems allowing 
significant amounts of carbon to be sequestered and 
stored into their biomass and sediments. Mauritius hosts 
only two species of mangroves: Bruguiera gymnorrhiza and 
Rhizophora mucronata. Previous studies done in Mauritius 
on above ground biomass and soil organic carbon have 
demonstrated the two species as one ecosystem as studies 
have been undertaken only in Rhizophora spp dominated 
areas. This study is the first to separately assess carbon 
in the above ground biomass and soil organic carbon of 
each species and provide comparison between the two 
carbon sinks. Four study areas of 0.025 hectare each 
were chosen at two sites on the east coast of Mauritius 
which are Ferney and Pt D’Esny. Each study areas were 
labeled as stations. Field studies were conducted from 
September 2018 to January 2019. Quadrats of 5 × 5 
metres were set up in each study area and measurements 
of diameter at breast height for above ground biomass 
were done and sediments samples for soil organic 
carbon were taken by using corers in each quadrat. 
Forest structure was also assessed in terms of structural 
attributes in each station. For the estimation of above 
ground biomass, two different allometric equations were 
used relative to the species and parameters available. 
For Bruguiera gymnorrhiza, the equation used was from 
Clough: AGB= 0.1858 (Diameter at Breast Height, DBH) 
2.306 and for Rhizophora mucronata, the equation used 
was from Rakotomavo: AGB= 0.1587 (DBH) 2.383. The 
choice of the allometric equation was based on the 
DBH range, the species of mangrove and the climatic 
conditions. For organic carbon in the sediments, the soil 
samples were dried in an oven, homogenized and loss 
on ignition method (LOI) was carried out using a muffle 
furnace. LOI is a measure of the mass of sample lost 
(oxidised and lost as gas, or volatilised) when heated to 
high temperatures. Total Organic Carbon (TOC) in three 
depths, (0-10cm, 10-20cm and 20-30cm) of mangrove 
soils was determined. The total above ground biomass 
for Bruguiera gymnorrhiza and Rhizophora mucronata at 
two stations in Ferney were 328.70 Mg ha-1 and 273.78 

Mg ha-1 , respectively. The total organic carbon for the 
study area hosting Bruguiera gymnorrhiza accounted up 
to 966.70 Mg ha-1 of which 205.38 Mg ha-1 made up the 
seaward zone, 408.54 Mg ha-1 middle zone and 352.78 Mg 
ha-1 the landward zone. For the area containing Rhizophora 
mucronata, the total organic carbon was 1073.15 Mg ha-1 
with 382.11 Mg ha-1 making the seaward zone, 380.95 Mg 
ha-1 middle zone and 310.10 Mg ha-1 the landward zone. 
The results show a much higher above ground biomass 
in Bruguiera spp compared Rhizophora spp but the total 
organic carbon of both species does show a higher 
value in soil carbon for Rhizophora mucronata. On a 
global scale, values obtained in this study (1089.16±17.3, 
1295.41±20.5 Mg ha-1) are comparable to studies done 
on carbon stocks of mangroves in Latin America (940 Mg 
ha-1) and Asia (1049 Mg ha-1) and the Intergovernmental 
Panel on Climate Change (IPCC) values for mangroves 
(511 Mg ha-1) . More national interest should be 
expressed in Bruguiera spp and plantation of this species 
should be incorporated into local and national programs 
and initiatives as compared to Rhizophora spp, the former 
can grow more inland, and thus stand as a key figure 
to counter balance effects of climate change, one being 
sea level rise. Also, both species are significant carbon 
sinks and as blue carbon ecosystems, strategies and 
options such as Reduced Emissions from Deforestation 
and Degradation (REDD+) and Payment for Ecosystem 
Services (PES) can be applied in a national context to 
mitigate climate change.  This study justifies mangroves 
as being blue carbon ecosystems and supports effort 
being made for their conservation and management. 

Keywords: Blue carbon; Rhizophora mucronata; 
Bruguiera gymnorrhiza; Allometric equation; Above 
ground biomass; Soil organic carbon; Mauritius
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Intertidal rocky shores are part of the sea during high tides 
and part of the land during low tides. They are therefore 
subjected to diverse anthropogenic pressures, including 
climate change, pollution, coastal erosion and harvesting. 
Monitoring is an essential component of the conservation 
and management of ecological systems, as it ensures that 
the most recent status of a system is captured and sudden 
changes detected, thus action can be taken.  A comprehensive 
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study of biodiversity patterns of the intertidal rocky shores 
of KwaZulu-Natal (KZN) conducted in the late 1990s 
has shown distinct differences among two regions, the 
Maputaland and the Natal bioregion, the latter of which 
encompasses Zululand, central KZN and the South coast. 
With the steady increase of human settlements along 
the coast, there has been growing pressure on intertidal 
resources, which has likely affected the structure of these 
communities. To characterise changes that have occurred 
over the past 20 years, we conducted repeat surveys of 
14 of the sites previously surveyed in the Natal bioregion, 
using identical sampling protocols.  The intertidal zone 
was divided into four horizontal zones, the top shore, high 
shore, mid shore and low shore. Twenty replicate 0.5m x 
0.5m quadrats were randomly placed within each of the 
two lower zones (low and mid) and ten replicate quadrats 
were placed within each of the two upper zones (high and 
top), amounting to a total of 60 replicate quadrats per site. 
In each quadrat, estimations of percentage cover of sessile 
species as well as the size and counts of mobile species 
were recorded. The recorded mean size and counts of 
mobile organisms were used to estimate their percentage 
cover. Overall species richness was greater in 2018 than 
in 1996-2000, with a total of 265 species vs. 215 species 
along the whole KZN coast, respectively. Differences 
existed among sites in the magnitude of this increase, as 
reflected in the significant Year x Site interactions for all 
zones. An increase in overall evenness was also observed 
for the lower zones, while there was a decrease in the 
evenness for the topshore and no significant difference 
between the years for the highshore. There were no shifts 
in the dominant species between the years. This study is 
the first to characterise spatio-temporal changes of rocky 
shore biodiversity on the South African east coast at the 
scale of decades. These results will contribute to a rocky 
shore monitoring programme and assist the effective 
management and conservation of these highly impacted 
coastal ecosystems.
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Legal pluralism and coastal resource governance 
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Numerous rural households along the South African coast 
rely on fisheries resources, forest products and agricultural 
resources in order to support their livelihoods. These 
customary livelihoods have continued in many rural areas 
despite restrictive policies and laws during the colonial and 
apartheid administrations. More contemporary restrictions 
have emerged in the post-1994 democratic state due to 
an expansion of the conservation estate and increased 
efforts to improve compliance in existing protected 
areas. Statutory conservation governance in rural areas in 
South Africa often operates in parallel to traditional and 
customary systems of governance. This results in confusion 

and conflict emanating from the plurality of governance 
systems, actors and institutions whose powers, roles and 
approaches are informed by different norms, discourses, 
values, images and worldviews. This study seeks to enhance 
understanding about the conceptual linkages between 
livelihoods and plural governance systems. This was done 
using a case study methodology and empirical research to: 
a) describe livelihood strategies; b) identify and document 
statutory, traditional and customary governance structures 
linked to coastal resource governance; c) explore the 
norms, discourses, images, values and worldviews that 
have informed coastal resource governance in this area; 
d) review and analyse the influences of plural coastal 
governance systems on livelihood strategies; e) contribute 
towards conceptual frameworks that link livelihoods and 
governance and; f) make recommendations for improved 
livelihoods and governance in rural areas in the South 
African context and beyond. The study underscores the 
manner in which legal pluralism and historical context affect 
and influence governance processes, and demonstrates 
that the day-to-day livelihoods of rural people are diverse 
and dynamic, and can be profoundly affected by meta-
level and institutional governance processes and practices. 
It concludes by highlighting the manner in which legal 
pluralism and historical context significantly affect and 
influence governance processes that shape rural livelihoods, 
and provides a set of recommendations for consideration.
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The East African coast is influenced by climatic factors 
such as monsoon that lead to variability of ocean 
circulation which ultimately influence marine productivity 
of the region. The study tends to understand the seasonal 
variability of ocean circulation in the East African waters 
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and its link to biological productivity. It uses surface 
current, wind stress and sea surface temperature 
to understand the seasonal variability of the upper 
ocean circulation over East African waters and MODIS 
chlorophyll-a concentration for analysis of productivity. 
The results show that the variability of sea surface 
temperature, wind stress, and surface currents were 
strongly related to a seasonal pattern of Monsoon winds. 
In most cases, the Kenyan waters had higher variability 
in ocean circulation that resulted to the high variability 
of chlorophyll-a concentration than the Tanzania waters. 
The most significant variability occurred in the northern 
Kenyan coastal waters, where high concentration are 
noted during the Northeast Monsoon and vice versa. On 
the other hand, Tanzania waters had minimal variability 
throughout the year because of the northward flowing 
East African Coast Current throughout the year 

Keywords: Ocean circulation, chlorophyll-a, monsoon, 
upwelling
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Wildlife monitoring provides critical information for 
species management and conservation. In the case of 
marine species, strong environmental (e.g. pressure, salinity) 
and transmission constraints require specific technological 
developments. Most often, the tags used are expensive 
(>$3000 per object) and technological innovation is led by 
companies that develop these devices. On the one hand, 

the cost does not allow deployments on large numbers of 
individuals and thus the quantitative results are not robust. 
On the other hand, the scientific questions asked depend 
on the equipment available and not the other way around. 
We describe here a tag to track the movements of marine 
turtles using a transmission system used for the Internet 
of Things (LoRa) and based on open-source and open-
hardware developments that allow the future integration 
of sensors chosen by scientists. The first deployments of 
these beacons in Martinique and on the island of Europa 
allowed us to observe the respiration cycles consistent 
with the knowledge of these species. The first geolocation 
tests using information received by ground stations show 
the ability of this technology to provide information on 
the movements of these individuals on a fine scale. The 
development of a network of large-scale receiving stations 
would thus make it possible to monitor these protected 
species at a cost of less than $300 per beacon and answer 
key management and conservation questions.
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We investigated the phylogeography of the dugong 
(Dugong dugon) throughout its original range using museum 
material from 14 natural history museum and university 
collections mainly in Western Europe. Samples of dugong 
bones and teeth were acquired and drilled for tooth/bone 
powder and DNA was extracted. The mitochondrial 
DNA control region was successfully amplified from 162 
individuals. These samples range in date from 1827 to 
1996 and span the historical distribution range of the 
dugong. We were able to successfully amplify overlapping 
fragments of the D-loop region of the mitochondrial 
DNA (mtDNA) resulting in sequences of a 355 bp 
fragment for 162 individuals for the final analyses. This 
included a new sequence (189 bp) from a previously 
unidentified piece of skin of the extinct Steller’s sea 
cow (Hydrodamalis gigas), as an outgroup. The resulting 
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dugong sequences match those from previous studies 
of dugong from Australia and Indonesia, but revealed 
several new and divergent mtDNA lineages in the Indian 
Ocean. One mtDNA lineage includes most specimens 
from the Western Indian Ocean, with another distinct 
lineage isolated to nearby Madagascar and Comores. 
There is little geographic structuring detectable among 
other populations in the Western Indian Ocean and all 
populations from that region appear to have historically 
contained comparatively low levels of genetic diversity. 
There was a drop in the genetic diversity detected 
within most Indian Ocean samples collected after 1950, 
matching observed reductions in population size. The 
new lineages and potential loss of diversity highlight the 
particular conservation importance and vulnerability of 
dugong populations in the Western Indian Ocean.
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Aquaculture has been one of the fastest food production 
industry during the past decade and currently holds a 
high importance in fulfilling the global seafood demand. 
Since few studies have been carried out on coastal 
aquaculture on global and local scales, understanding 
the perception of social groups on this subject is a 
key challenge. A survey-based approach, targeting the 
Mauritian population, was developed in order to have 
an in-depth assessment of the public perception and 
attitude on aquaculture and its implications on the 
Blue Economy concept in Mauritius. Respondents’ 
perceptions were evaluated on 5 different aspects 
of aquaculture, namely, knowledge, socio-economics, 
environment, food security and implications on Blue 
Economy. Participants were asked about the perceived 
definitions and understanding of aquaculture and the 
Blue Economy. A quantitative method was adopted 
in order to collect the required data and participants 
were chosen at random. A total of 385 questionnaires 
was administered for this study and a response rate of 
100% was recorded. A total of 385 questionnaires was 

administered for this study and a response rate of 100% 
was recorded. Statistical tests, Spearman Correlation, 
Kruskal-Wallis and Chi-Square tests were used to 
compute data. Descriptive statistics methods revealed 
that 69.1% of respondents were in favour of expansion 
of the aquaculture industry in Mauritius. Forty-one 
percent (41%) of respondents rated the development of 
the aquaculture industry in the country as ‘medium’. The 
most relevant reasons for development of aquaculture 
industry in Mauritius, as perceived by respondents, 
included ‘ensuring the food security’ and ‘boosting the 
economy of the country’. However, a significant negative 
correlation was found (Spearman correlation, r = - 0.169, 
p <0.05) between favouring aquaculture expansion 
and perceived environmental concern of aquaculture. 
Chi-Square test confirmed a statistically significant (p 
<0.05) association between respondents’ educational 
qualifications and their knowledge on aquaculture. One 
possible explanation to this finding is the high level of 
exposure to information concerning the aquaculture 
industry by those having higher educational qualifications. 
Job creation (84.4%), poverty alleviation (55.3%) and 
increased food production (82.9%) were the perceived 
potential benefits of aquaculture among the Mauritian 
community. Since quality and safety of farmed products are 
considered as important factors governing food security 
by seafood consumers, a thorough perceived evaluation 
on food security aspects of aquaculture in Mauritius was 
carried out. Results showed that 33.33% of respondents 
rated farmed products as being of good quality and 
approximately the same proportion of respondents 
stated that these products are were for consumption. 
Aquacultured products were greatly perceived to be 
more costly than their wild equivalents by 21.8% of 
respondents. Most common perceived implications of 
aquaculture on Blue Economy of Mauritius was found 
to be: creation of employment opportunities (52.7%), 
ensuring food security (33.5%) and boosting the economy 
of the country (47.5%). This study also identified a lack 
of awareness of aquaculture (15.1%) and Blue Economy 
(30.6%) along with positive perceptions of the concept 
of integrated aquaculture, although the latter results 
should be treated with some caution. Based on these 
findings, it can be concluded that there is clear scope to 
advance public awareness on the role and implications 
of coastal aquaculture. This will be necessary in order to 
gain mainstream acceptance of aquaculture practice in 
Mauritius, whereby the authorities are pushing forward 
ocean economy development as an emerging economic 
pillar to explore and use the vast exclusive economic 
zone of this “ocean state”. 

Keywords:  Aquaculture, blue economy, Mauritius, 
ocean state, public perceptions.

11th WIOMSA Scientific Symposium 376



POSTER

Microplastic ingestion in healthy and bleached 
corals Anomastrea irregularis and Pocillopora verrucosa 

PRISHANI DEVI BOODRAJA AND DR. DAVID 
GLASSOMB 

University of KwaZulu-Natal, School of Life Sciences, 
Private Bag X54001, Durban, 4000.

Email: 213526127@stu.ukzn.ac.za

Corals are of great ecological and economical importance; 
however, they are increasingly threatened by human 
disturbances such as increasing sea surface temperature 
and microplastic pollution. Microplastics are of concern 
as they fall in the size range of corals’ natural food. 
Coral bleaching is a phenomenon where corals expel 
their endosymbiotic algae due to the stress of increased 
sea surface temperature. This has been increasing in 
frequency and severity which is causing major loss of 
coral cover globally, which extends to great loss in the 
goods and services they provide. Literature pertaining 
to the ingestion of microplastics and its effects on corals 
are scarce. Thus, this study aimed to determine if: (1) 
both healthy and bleached scleractinian corals ingested 
microplastics, (2) biofouling affected the ingestion rates 
(particles polyp-1 h-1) of microplastics (beads and fibres), 
(3) ingestion of microplastics affected the respiration 
rate (mg O2 h

-1cm-2) of corals. Anomastrea irregularis was 
chosen for use in the experiments as it is a common 
massive coral and Pocillopora verrucosa was chosen as 
it is a common branching coral on the South eastern 
coast of KwaZulu-Natal South Africa. This was done by 
conducting six separate 12-hour feeding experiments 
(zooplankton, microplastic (beads and fibres), biofouled 
microplastics (beads and fibres), as well as a mix (beads, 
fibres and zooplankton) in closed chambers using similar 
sized healthy and bleached A. irregularis and P. verrucosa 
nubbins. Two Generalized Linear Models (GLM) were 
done to determine if there were significant differences in 
the: 1) average ingestion rates of healthy and bleached A. 
irregularis and P. verrucosa when fed the different particles 
and 2) average respiration rates of healthy and bleached A. 
irregularis and P. verrucosa when fed the different particles. 
Both species when bleached and healthy ingested 
microplastics. The ingestion and respiration rates of both 
species fed microplastics (biofouled and nonbiofouled) 
were similar to those fed zooplankton (when healthy 
and bleached) (GLM on ingestion rate: n=240, df=5, 
Wald Chi-Square=1.169, p=0.948; GLM on respiration 
rate: n=240, df=5, Wald Chi-Square=6.634 p=0.249). 
Ingestion and respiration rates of bleached corals were 
significantly higher than healthy corals for both species 
for all particle types (GLM on ingestion rate: n=240, df=1, 
Wald Chi-Square=49.383, p <0.0005; GLM on respiration 
rate: n=240, df=1, Wald Chi-Square=96.523 p <0.0005). 

Ingesting microplastics did not elicit any immediate stress 
responses by corals. It is possible that because corals 
have an incomplete gut and are adapted to egesting 
indigestible items, not many microplastics are retained 
in their gastric cavity or translocate to the endodermal 
cells. Thus, microplastics may easily be egested without 
much issue for corals. Results also show that corals that 
are more dependent on heterotrophy due to bleaching 
and morphology may be at greater risk of ingesting 
microplastics in situ. There is a need to understand how 
corals respond to microplastics in situ as these particles 
can have harmful substance adhered to them that can 
affect the corals’ overall health and reproductive output 
which could affect the whole coral reef ecosystem.
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St Lucia, the largest estuarine lake system in Africa has 
been closed since 2002 due to ongoing drought conditions 
and has experienced several periods of extremely low 
lake levels and hypersalinity. Marine connectivity has been 
limited to cyclonic events (2007) and anthropogenic 
manipulations (2012-2014). Starting from 2016 large 
scale modifications to the mouth area was made, to re-
establish the historic connection between St Lucia and 
the Mfolozi River, with the aims of reducing low lake 
levels and hypersalinity and to assist with water built-
up for a natural breach to occur. This study investigated 
the effect of the continued close mouth condition and 
an influx of freshwater on the fish community structure 
between 2014-2018. Sampling was conducted at six sites 
in the system using seine nets. Continuous inflow of 
freshwater from the Mfolozi system resulted in declining 
salinities to near freshwater over much of the system. 
Salinity was the most significant environment variable to 
explain changes in the fish community structure during 
the study period. Even though St Lucia was connected to 
the adjacent Mfolozi estuary, the joint system has been 
closed since 2014, resulting in the loss of the marine fish 
component, with species numbers declining from 27, to 
nine, and no marine species being recorded in November 
2018. The low salinities promoted the breeding of the 
estuarine species Ambassis ambassis, A. natalensis and 
Gilchristella aestuaria, and freshwater species Oreochromis 
mossambicus. The abundance of these species greatly 
increased from May 2016 to November 2018, making 
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up 98.2% of the catch during that period. The study 
highlights the importance of a marine connection for the 
system and the severe effect its loss has had, not only 
on the fish biodiversity of the St Lucia system, but also 
on its natural functioning as a nursery habitat for marine 
species within the region.
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According to the General State policy of Madagascar and 
reinforced by Madagascar’ commitments presented at the 
United Nations Ocean Conference in 2017, Madagascar 
want to include Marine Spatial Planning (MSP) as a basic 
tool for promoting the blue economy. Contrasting with 
land territory, maritime space has a three-dimensional 
aspect because it is composed of the water surface, the 
water column and the seabed. It is also noted that the 
multiplicity of activities and interventions, both public 
and private sectors, in maritime zones increases the 
anthropic pressures on marine and coastal ecosystems, 
on the one hand, and the risks of conflict of uses, on the 
other hand. This has led the State authorities to develop 
a strategic mechanism for the rational management and 
allocation of maritime space. Indeed, the marine spatial 
planning is part of the good governance and constitutes 
a strategic tool to diversify and optimize the sustainable 
use of living and non-living resources, by combining 
mapping and regulations to achieve the objectives set and 
by integrating a long-term vision. Thus, in an approach 
aimed at fulfilling the commitment, it appears necessary 
to choose the MSP in accordance with the national 
specificities. In this regard, in view of the Malagasy 
State’s recent decision to launch into the blue economy, 
it follows that the MSP adapted for Madagascar is the 
one based on activities, specifying that the conservation 
and preservation of the ecosystem and biodiversity is 
categorized as activities in its own right. Moreover, given 
the exercise of authority and in practice the sovereignty 
of the State over its maritime space, the MSP falls within 
the exclusive competence of the State. Thus, it is up 
to the Malagasy State to define and design a marine 
spatial planning adapted to its development needs and 
oriented towards the Government vision. Madagascar’s 
commitment to use the MSP involves concrete actions by 

establishing an appropriate and inclusive legal framework, 
considering regulatory measures setting the principles, 
the objectives and the strategic orientations of the MSP, 
putting in place adequate mechanisms and tools, such 
as the development of a data management system, and 
setting up an adequate structure for the data collection 
in order to approve the implementation of the MSP. Still 
in our approach on setting up the MSP, the integration of 
all stakeholders in the process is essential but requires 
some coordination in order to have a good organisation 
of all activities. The Government of Madagascar believes 
that inter-ministerial committees will be set up to ensure 
coordination, operationalization, monitoring and control 
of the action plans adopted in the MSP process. In the 
long term, these committees will also be a permanent 
structure attached to a higher decision-making level 
to ensure its impartiality, transversality and sustainable 
operationalization.
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Today open source software is considered equivalent 
with commercial software. In biological and ecological 
studies, it is often difficult to find substantial budgets 
for the use of commercial software and tools for each 
extension of these software requires the purchase of 
specific license. The investigations lead us to promising 
results on the identification of open source software 
capable of performing the necessary tasks in the 
identification of potential fishing zones. This software 
is constantly improving and develop. Our project aims 
essentially to use the software to effectively reproduce 
the PFZ generation process. This part of the collection 
of satellite data through their treatments, analysis and 
interpretation, and finally the establishment of reports 
that can be decrypted and used by fishermen easily. 
Remote sensing and geographic information system (gis) 
software respectively Seadas and Quantum Gis have 
been developed to facilitate the use of satellite imagery 
in the field of applied oceanography. In this project, these 
programs were effective and comprehensive both in 
the corrections that must suffer the images to use as 
representations of potential fishing zones in the maps. 
As for the data used, they are also freely available with 
prior registration and can be viewed and collected on-
line. Images procured by Modis and distributed by NASA 
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really meet our expectations. They provide images with 
acceptable resolutions (1km and 4km) and partially 
treated. Two image levels (level 2 and level 3) are available 
as needed. Some of these images still require preparations 
to be used properly. The detection of potential fishing 
zones is facilitated by the use of GIS, while respecting 
the principles of localization and handling procedures. 
The advance of lower cost techniques and technologies 
allow Madagascar to move towards sustainable fisheries 
management while giving fishermen the information 
necessary in their fishing activity. Many research and 
studies are still needed for the implementation of PFZ 
function of this detection system. This is important for 
more precision in locating areas, in the validation of 
these PFZ, in collecting information on catches. All this 
is done to compensate for the protein deficiency in the 
population of Madagascar and also to develop the sector 
of artisanal fisheries.
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First author is a student Continuing human disturbances 
and climate change related stressors have altered coral 
reef ecosystems worldwide, resulting in decline in cover 
and abundance of reef-building corals and degradation 
of habitats. Investigating key processes involved in the 
dynamics and resilience of coral communities becomes 
crucial. This study aims to investigate coral reproductive 
strategies and recruitment processes to better understand 
the structure and regulation of coral assemblages in the 
Great Barrier Reef of Toliara, southwest Madagascar. 

Spawning of the dominant species was inferred from 
the disappearance of mature oocytes and spermaries 
during intensive field surveys at ten monitoring stations, 
including night dives, together with polyp dissection. 
Terracotta tiles were set up at each station to quantify 
early recruitment rates and composition. Belt-transects 
were used to estimate the abundance of juvenile and 
adult coral colonies, whereas percent cover of benthic 
taxa was assessed using photo-quadrats. Spawning period 
of Acropora spp. took place asynchronously from October 
to December, and the maturation of the gametes was 
linked with seasonal increase of water temperature 
and lunar cycle. Recruitment was largely dominated by 
Pocilloporidae (71.7%), and rates varied from 44.08 and 
376.03 recruits.m-2. Juvenile and adult assemblages were 
composed of 40 genera and were both dominated by 
Acropora.  Abundance was highly variable among stations, 
ranging from 0.73±0.12 to 6.60±0.72 colonies.m-2 

and from 6.73±1.54 to 14.23±1.31 colonies.m-2, for 
juveniles and adults, respectively. Similarly, coral cover 
showed pronounced differences among stations (22% 
to 67%).  As in many other coral reefs worldwide, coral 
assemblages at Toliara were characterized by a marked 
spatial heterogeneity at such spatial scales. The spatial 
variability in adult assemblages was largely influenced by 
recruitment patterns.  A positive correlation between 
spatial variation in the abundance of adults, juveniles and 
recruits was observed in two habitats (inner slope and 
patch reefs), whereas this relationship was less clear on 
outer reef slopes.  These results suggest that recruitment 
patterns play an important role in the structure and 
regulation of local coral assemblages, and in recovery 
processes following disturbances. 

Keywords: scleractinian corals, sexual reproduction, 
recruitment, population structure
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The research concerns five species of marine macroalgae: 
Ulva reticulata, Turbinaria ornata, Padina boryana, Gracilaria 
salicornia and Galaxaura tenera (encoded respectively Ur-
IHSM, To-IHSM, Pb-IHSM, Gs-IHSM, Gt-IHSM). Samples 
were collected from the Beravy Reef in the Toliara area in 
low tide during summer season. The study focuses on the 
determination of the therapeutic virtues of these species 
in order to valorize their biomass in human health. The 
secondary metabolites revealed during phytochemical 
screening define their pharmacological properties. All 
hydroethanolic extracts are considered non-toxic up 
to the dose of 2g / kg. But none of them produce an 
antimalarial effect. At the 120th minute of the evaluation 
of the anti-inflammatory potential, To-IHSM reduces the 
plantar edema to 72.3%; Pb-IHSM from 62.4%; Ur-IHSM 
of 28.7% and Gt-IHSM of 39.7%. Gs-IHSM does not show 
an anti-inflammatory response. At the 120th minute of 
the hypoglycemic test, To-IHSM decreases hyperglycemia 
up to 71.6%; Ur-IHSM of 71.9%; Pb-IHSM of 76.8%; Gs-
IHSM 78% and Gt-IHSM 68.9%. Based on the antimicrobial 
effect analysis, To-IHSM is the only active extract on the 
strain Streptococcus pneumoniae. The other extracts 
do not show any activity on the pathogenic germs. 
During the vasorelaxation study, To-IHSM released the 
precontracted aorta to Phenylephrine with an EC50 of 
5.46 µg/ml. The responses of Gs-IHSM and Pb-IHSM are 
very weak to reach a EC50.Ur-IHSM and Gt-IHSM do 
not generate any reaction. For the determination of the 
anti-histamine property, Ur-IHSM and Pb-IHSM release 
the precontracted histamine trachea with a respective 
IC50 of 30.68 µg/ml and 21.48 µg/ml. The other extracts 
do not show considerable activity. 

Keywords: Ulva reticulata, Turbinaria ornata, Padina 
boryana, Gracilaria salicornia, Galaxaura tenera, Beravy, 
Toliara, non-toxic, antimalarial, anti-inflammatory, 
hypoglycemic, antimicrobial, vasorelaxant, antihistamine.
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White Spot Syndrome Virus has emerged as the main 
pathogen of shrimp that has caused epizootics and 
serious consequences for shrimp aquaculture around 
the world. In Madagascar, this epidemic has led to the 
closure of many shrimp farms and the conversion of 
shrimp farms into other activities. Being vectors of 
WSSV, the abundance and composition of megabenthic 

fauna such as crabs are recorded at four stations located 
at the five farms of AQUALMA. The sediment was also 
studied to determine the correlation between fauna and 
their environment. Crab species are distributed unevenly 
on the farm; characterized as dominant species with 
Jolly classification, Metopograpsus sp and Neosarmatium 
meinerti classification, cover more than half of the crabs 
present in the Mahajamba farm with 36.73% and 17.88% 
respectively in terms of relative abundance. Scylla seratta, 
Uca annulipes, Uca rapax, Uca spp1, Uca spp2 are only 
influential species whose relative abundance varies from 
5.88% to 13.88%. Some of these species correlate with 
each other while others are not. Only Uca crabs have 
a negative correlation with their environment, where 
their presence in the pond is strongly conditioned by 
a few parameters. The results showed a higher risk of 
horizontal transmission of WSSV from wild animals to 
the receptor ecosystem of the catchment area if the 
presence of the virus is detected in the megabenthic fauna 
and if biosecurity measures faults in the introduction of 
these animals into the breeding area. 
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Shrimp farming holds an important place in Madagascar. It is 
considered as one of the main sector for the contribution 
to the return of currency by the export of shrimps. The 
food is the first charge of shrimp culture both in quality and 
quantity and it cannot neglected especially for the larvae of 
Penaeus monodon. Microalgae, an integral part of the aquatic 
food chain, promote the growth of larvae thanks to their 
high protein content. This present research was carried out 
in the AQUAMEN Ambararata Morondava hatchery in 2017 
in order to evaluate the algal performance: Chaetoceros gracilis 
and Chaetoceros muelleri on the quality of larval production. 
Three different protocols are adopted on feeding shrimp 
larvae. The concentration of microalgae in each basin 
differentiates these 3 protocols; Protocol 1 has an algal 
concentration of 90.103 cel / ml used in basin No. 2 while 
140. 103 cel / ml for Protocol 2 which used in basin No. 3 
and for Protocol 3, it has a concentration of 160. 103 cel / ml 
which applied in the basin n ° 1. At ten hours of breeding in 
the larval basins, there is already difference in the quantity of 
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algae in these three basins. Zoé and Mysis larvae stage ingest 
much more microalgae than the Nauplius stage. This need for 
microalgae increases gradually according to the larval stages. 
For the first stage, the consumption is negative both for the 
second and last, they consume a maximum of 80% and 70%. 
This consumption affects the activity and morphology of 
each larvae. This activity varies depending on the protocol 
used. The larvae in basin 1 and 2 are much muscled and more 
active respectively 80% and 73%. They are considered to be a 
good quality because they can withstand the different factors 
variation (temperature, dissolved oxygen and salinity). On the 
other hand, larvae with a good appearance are considered 
as a better quality. In basins 1 and 2, respectively 66% and 
68% of the larvae living there have a complete and perfect 
morphology. In addition, Protocol 2 tells us that it is the most 
reliable at larval production. Larvae that survive is up to 
96.6% in this protocol. 

Keywords: Penaeus monodon, Chaetoceros gracilis, 
Chaetoceros muelleri, larval quality, Shrimp, aquaculture
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Mangroves are one of the most productive and dynamic 
ecosystems. Due to its low proportion and uneven 
distribution around the world, their recoveries worry 
scientists about the future of this exceptional ecosystem. 
Many studies have already been carried out on mangrove 
restoration strategies to anticipate this threat. However, 
these studies mainly focus on the specific characteristics of 
mangroves such as species to be restored, characteristics 
of the seed and restoration period. Also, mangrove 
restoration success depends on the understanding 
and management on a range of parameters such as 
biophysical, ecological and social parameters. In order to 
improve mangrove restoration areas identification in the 
Northwestern part of Madagascar, more specifically at 
Ambaro Bay, this study was conducted. Starting from the 
spatial analysis of mangrove cover and dynamics at Ambaro 
Bay from remote sensing, Landsat satellite imagery series 

were processed and analyzed to highlight the evolution of 
the mangroves on a 20-year temporal scale (1998-2018). 
To develop a model allowing to identify the potential 
restoration areas, spatial analyses with both biophysical 
and environmental parameters were established. These 
parameters include floristic characteristic, proxies from 
villages and river network, soil type, slope and topography. 
in situ data collection series at 12 sites where restoration 
have been undergone were made to analyze empirical 
restoration practices by local community and to validate 
the model. The results show that, based on the cartographic 
analysis of mangrove dynamics, mangroves cover area 
extend to approximately 32,745 Ha, and the annual rate 
of deforestation is estimated at 0.10%. A total of 9,341 Ha 
was validated as the potential restoration areas (28. 53% of 
the landscape) from the model. However, social practices 
of restorations highlight proxies’ variables importance on 
restoration sites choice. Also, land tenure remains one of 
most determinant factor of restoration area identification 
by local community. Low rate of the efficiency of village 
restorations due to the various anthropogenic pressures 
were noticed, so the model provides a minimum distance 
of 1.3km from the village to implement the restoration. So, 
a better understanding of spatial dimension of social and 
cultural assets need to be deepen to improve restoration 
management over the coastal and marine ecosystems. 

Keywords: restoration, mangroves, remote sensing, 
spatial model, Madagascar
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Background

Mauritius is Small Island Developing State (SID) with about 
1.2 millions of inhabitants; and currently, the country 
is receiving almost the same number of international 
tourists per year. Indeed, tourism sector plays a key role 
in the economic growth of Mauritius. Over the last few 
years, successive governments in Mauritius have been 
continuously promoting the expansion of resorts and 
property development schemes in coastal areas, as a 
strategy to boost up the national economy. However, the 
country is currently experiencing a sharp rise in community 
movements against resorts and property developers who 
are being accused of appropriation and exploitation of 
local ecosystem resources and services. Environmental 
activists are also mobilising local communities against 
various forms of environmental injustices in Mauritius. In 
this connection, community-based social workers need 
to develop and use appropriately designed ecosocial 
work method in promoting environmental justice for 
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all. In particular, ecosocial work is a specific area of 
practice within social work that combines social and 
ecological perspectives in order to promote sustainable 
development. Within this context, this paper aims to 
propose and discuss a theory-driven and evidence-based 
method for ecosocial work practice. 

Method

This paper is based on analysis from two sets of qualitative 
data gathered from Mauritius. The first data set is from 
the year 2008, where seven focus group discussions with 
a total of fiftyseven key representatives of community 
leaders (twelve women) in seven coastal villages were 
carried out. The second data set is from the year 2018, 
where eighteen semi-structured interviews with five 
community-based social workers (four women), eleven 
social/environmental activists (two women), and two 
corporate social responsible managers (no woman) 
from resorts/property developers were undertaken. The 
gathered data were subjected to a deductive discourse 
analysis using ATLAS-ti v.8.3 software. Critical discourse 
analysis is a qualitative data analysis where meanings, 
motivations, ideologies and power are analysed through the 
deconstruction of text and talk using a critical perspective. 
A theoretical framework based on environmental justice 
were used to structure the data analysis. 

Results

From the findings of the data analysis, this study presents 
and discusses - ‘Benefit Interest Driven Justice’ - as an 
ecosocial work method based on environmental justice 
theory. The theory provides the knowledge based and 
explanation on what is happening/going to happen and why. 
Based on the theory and gathered evidence, the ‘Benefit 
Interest Driven Justice’ method presents a model on how 
practice need to be undertaken by social workers and why. 
The ‘Benefit Interest Driven Justice’ method in ecosocial 
work aims to promote community based stakeholders 
participation in avoiding/resolving conflicts and to come in 
terms with ‘justice for all’ within the context of sustainable 
coastal community development. With reference to the 
theory of environment justice and gathered evidence 
from the field, the findings also highlight the benefits and 
constraints of the ‘Benefit Interest Driven Justice ‘method. 

Conclusion

This study concludes that theory-driven and evidence-
based methods in ecosocial work practices are 
essential for promoting sustainable coastal community 
development. Community-based social workers 
are therefore urged to develop and/or reflect upon 
appropriate methods for ecosocial work practices based 
on gathered evidence from the field. 
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The activities of the Center of Development of 
Aquaculture (CDA) Mahajanga Madagascar diversified 
and was interested more in the aquaculture of tilapia. 
The species Oreochromis niloticus has been chosen by 
its fast growth and its large tolerance opposite the 
physicochemical parameters of the physical environment. 
The present work consists in demonstrating the test of 
raising in green water with the reduction of the quantity 
of food distributed according to the biomass. The center 
(CDA) proceeds to the production of the alevins of 
the present species in order to bloom its raising. This 
species possesses a large potential and that drives 
several scientists to undertake the research concerning 
its raising, whereas this sector hardly develops itself 
because of the expense on the cost of food of the alevins. 
Therefore, this activity asks for a lot of money and also 
provokes a dissatisfaction on the growth of the alevins. 
This survey has for objective to reduce the cost of the 
food of the alevins to the small pisciculturist to weak 
income while using natural food. For the methodology, 
the center (CDA) proposed 4 ferries of experiences and 
100 alevins whose middleweight is of 3,51g to achieve 
the experience. only One species phytoplancton has 
been observed in the green water (water of tilapia), It is 
Scenedesmus carrinatis. Since the experience takes place 
during the winter, the temperature of water doesn’t stop 
cooling. For the results, the growth is positive but slow 
during these 10 weeks of survey. Indeed, the maximal 
middleweight observed during the survey is the one of 
the alevins of the B2 that receives the food reduces in 
50% according to the biomass that is of 12.64g; while the 
noticed minimum middleweight is the one of the alevins 
of the B1 that is fed food of 25% in relation to the biomass 
that reaches 8.76g at the end of the experimentation. The 
rate of survival is of the 100% by every ferry that that 
dénoteque the green water can provide a gain of weight 
respectively to the semiintensifier path for the raising 
of tilapia. This experience allowed us to deduct that the 
presence of phytoplancton in the middle of raising of 
fish is especially indispensable in semiintensifier raising. 
Otherwise, is used like a complementary and additive 
food for the larval and fish. 
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Among the exploitable crustaceae in continental 
environment, the shrimps form a very important link 
because of the place of choice that they occupy in the 
commercial exchanges. More of 20 families different 
of shrimps exist through the world and more of 2000 
species described that belong, for most to the marine 
environment. To Madagascar, the exploitation of the 
gigantic shrimps of soft water, as in the world, is very 
weak facing the one of the navy shrimps. This weak rate 
of exploitation could explain itself by the fact that very 
few species were the subject of survey; that it is on the 
diversity, biodiversity, the ecology and raising. besides, 
there is the lack of popularization of the exploitable 
species in the paths fishings and aquacultures. The main 
objective of this survey is to improve the larval raising of 
the gigantic shrimps of soft water of Macrobrachium kind 
to increase his production in aquaculture. To Madagascar, 
the production remains even weak whereas the young 
nanny-goat nearly exist in the island and especially in the 
part Northwest that is the zone very favorable to the life 
of the soft water crustaceans. Therefore it requires an 
improvement in the goal to know the biology, the ecology, 
the food and the inventory of these species. The used 
methodological approach is based on the experimental 
test of use of the three types of food during the larval 
development. Three types of food have been distributed 
of which the food 1 compound of Chlorella and the flour 
of white chévaquine dried, the food 2 compound of 
Chlorella and the flour of anchovy dried and the food 
3 is composed of Chlorella and yellow of œuf. And one 
established a raising witness whose food is composed of 
Chlorella, of cystes of Artemia and the yellow of œuf. For 
the results, the œufs of Macrobrachium, at the end of 
two to three weeks, give to the bursting of small larvas 
named nauplius that evolves in zoé and mysis. After 15 
larval stages, the metamorphosis intervenes between the 
17th and 28th day to give some post-larvas, small retorts 
in miniature of the adults. The larvas live exclusively 
in brackish water. The larval nutrition is based on the 
plankton. In this survey, the used foods are based on the 
Chlorella (a species of microscopic unicellular green algae 
of the family of the Chlorellaceaes) and the flour of fish. 
The choice of the parents is primordial, it is preferable 
to choose more aged females to get some larvas to raise. 
Indeed, they first, give more the larvas than the young 
females and secondly their larvas are more resistant than 
those of these last. 
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Seagrass meadows are poorly studied and little known 
in Madagascar, we meet them on the northwest and 
southwest coasts of Madagascar. In 2016, (April-June), 
a study on « the spatial distribution of seagrass beds 
between Ifaty and Mangily (Ranobe Bay South West 
of Madagascar) were made. This study aims to define 
the characteristics and the areal extents of seagrass 
meadows between Ifaty and Mangily. This was done by 
the analysis of satellite imagery for the mapping and field 
survey. During this study, eight species of seagrass were 
identified: Halophila ovalis, Thalassia hemprichii, Syringodium 
isoetifolium, Halodule uninervis, Halodule wrightii, Cymodocea 
serrulata, Cymodocea rotundata and Thalassodendron 
ciliatum. The meadows formed by these species can be 
monospecific, mixed and with algueraie with a general 
recovery rate between 0 and 50% corresponding to a 
herbarium arranged in patch. The specific composition 
and their distribution varies depending on the substrate 
and the depth. All species except Thalassodendron ciliatum 
are found on a muddy substrate and in shallow areas. 
The analysis of satellite image between Ifaty and Mangily 
has made it possible to map the seagrass meadows 
occupying 106,105Ha. Classified according to their 
density, the sparse seagrasses dominate with a surface of 
48,062 Ha then those which are dense (40,988 Ha), and 
finally those which are moderately dense (17,055 Ha). 
Taking into account the good ecological status of these 
beds and their vulnerability, it is necessary to establish a 
management to preserve these ecosystems. 

Keywords: seagrass, distribution, mapping, Ifaty, Mangily
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Coral recruitment rates and composition are known 
to vary at multiple spatial and temporal scales. If this 
variability has received much attention in recent years 
over many reefs, few studies were carried out in 
Madagascar. In southwest region, climate change and 
marine resources overexploitation has led to the loss 
of 40 to 80% of coral cover in the last five decades. In 
this context, better understanding coral communities’ 
dynamics and resilience is of major importance. 
In particular, coral recruitment is a sine-qua-none 
condition for the maintenance and recovery of reefs. 
In this study, we report on coral recruitment rates 
and composition, as well as spatial variation among 
areas in the Great Barrier Reef of Toliara. Ten sampling 
stations were chosen in order to integrate reef habitats 
diversity (external slope, inner reef and patch reef) and 
depth variation (5 and 10-12 m). Sampling was carried 
out using terracotta tiles. At each station, 20 tiles were 
emersed for a four months period (December 2017 to 
March 2018). All recruits were identified to the family 
level under a dissecting microscope. An average of 2.3 
recruits per tiles was observed, corresponding to 190.2 
recruits.m-2 . Overall, 71.7% of the recruits belonged to 
the family of Pocilloporidae, whereas Acroporidae and 
Poritidae families were poorly represented (5.4% and 
3.2%, respectively). A significant difference in recruit 
abundance was observed among tiles orientation. Most 
recruits colonized the tiles edges (54.8%), the lower faces 
(35.6%) and only 9.1% on the upper faces. Pocilloporidae 
managed to colonize all the tiles faces. More than half of 

Acroporidae recruits were observed on the tiles edges, 
whether Poritidae were mostly observed on the lower 
sides. Recruit abundance also significantly varied between 
depths, with 72% of the recruits observed at 12m and only 
28% at 5m. Pocilloporidae was the dominant family at 12 
m and was also well represented at 5m.  Acroporidae 
and Poritidae were roughly equally distributed between 
the depths. Recruit abundance in the region varied 
significantly among stations, depths and tiles surfaces, 
but not among reef habitats. Recruitment rates of coral 
assemblages at Toliara remain high compared to other 
coral reefs in the region, suggesting potential recovery 
capabilities from disturbances. 

Keywords: scleractinian corals, recruitment, spatial 
variation, southwest Madagascar 
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Mangroves and coral reefs are coastal and marine 
ecosystems that are likely to be impacted by climate 
change in the future, mainly because of sea level rise 
and sea surface temperature rise. In this scope, WWF 
Madagascar has collaborated with C-RISe project 
to develop Use cases on the influence of coastal and 
marine climate risks on ecosystems in Madagascar, such 
as mangroves in the West and North of Madagascar and 
coral reefs in the South of Madagascar. The climate data 
comes mainly from C-RISe project, and the biological data 
is provided by WWF Madagascar.  The aim of this study 
is to compare if climate data influence the ecosystems 
differently, regarding locations.  The results demonstrated 
that coastal and marine climate risks affect but influence 
differently these ecosystems. The results will help WWF 
Madagascar and key stakeholders to better conserve and 
manage them in the context of a changing climate, but 
also to build a strong monitoring system that takes into 
account climate risks. The Use cases will also contribute 
to the enhancement of C-RISe data.
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The vessel monitoring system has been adapted to a 
small-scale, traditional fishery in the Ankilibe village, 
South-West Madagascar. A study of pirogue trajectories 
was conducted using small Global Position System (GPS) 
trackers to estimate and map effective fishing effort and 
catches. Data was collected from January to February 2017 
among 14 fishermen using gillnet, bottom seine or hand 
line in the lagoon area, totaling 193 fishing trips. Another 
field study was carried out from mid-May to July 2017 by 
an on-board observer to describe the different activities 
(so-called “detailed states” and “aggregate states”) of the 
pirogue trajectories. Twentynine reference trajectories 
were analyzed using a geographic information system. 
They were different across the three fishing gears. These 
reference states were visually determined on the 193 
trajectories of the first data set. On average, fishing trips 
lasted for 5h 54, of which 3h 30 (59.3%) for the “fishing” 
state, including several fishing hauls, and 2h 24 (40.7%) 
for the “no fishing” state. The average catch per unit 
effort (CPUE) was 8.5 kg per fishing trip, 3.3 kg per hour 
of effective fishing, and 4.4 kg per fishing haul for all gear. 
The fishing effort, CPUE and spatial distribution of fishing 
activities varied across the gears studied. Fishing trips 
were mapped showing that fishing effort was particularly 
high in the coastal area of the lagoon. This study shows 
that tracking pirogues trajectories is a reliable method 
for accurately estimating effective fishing effort and 
mapping the fishing reef activities. 

Keywords: traditional fishing, trajectory analysis, fishing 
effort, mapping, GPS, Ankilibe.
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Stylophora is a coral found in the WIO region and is 
widely distributed. It is also known to be one of the 
bleaching-vulnerable coral species to climate change-
driven warming events. We present the first detailed 
study of the reef-building coral genus Stylophora from the 
waters of the Republic of Mauritius. Our main objectives 
were 1) to characterize morphologically the Stylophora 
coral colonies colonies recently discovered in Mauritius; 
2) to characterize genetically the coral animal and their 
symbionts; and 3) to test the thermal photo-physiological 
responses of the different morphs observed in the field. 
Surveys were conducted around the islands of Mauritius 
and Rodrigues in 2017 and 2018, during which Stylophora 
colonies were found only at Ilot Longue and Plateau 
Ile aux Bernaches adjacent to Amber Island, as well as 
at Flat Island in the north of Mauritius. Though few in 
numbers, Stylophora colonies dominated the scleractinian 
coral community at Ilot Longue, where most of the 
other corals were dead. The other surviving corals at Ilot 
Longue and Plateau Ile aux Bernaches included massive 
Porites, Favia, Favites and Fungia species along with some 
soft corals. Colony morphology and scanning electron 
microscopy (SEM) analyses revealed multiple morphs, 
while genetic characterisation of the mitochondrial 
open-reading frame (ORF), the mitochondrial control 
region (CR) and the nuclear internal transcribed spacer 2 
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(ITS2) revealed a perfect match for ITS2 and near-perfect 
matches for ORF and CR with published sequences of 
Stylophora madagascarensis from Toliara in Madagascar, the 
type locality of this species. Genetic characterisation of the 
symbionts was carried out by amplification and sequencing 
of the 28S large ribosomal subunit (LSU_RNA) gene, 
and those results were partly confirmed via PCRRFLP 
of the 18S small ribosomal subunit (SSU_RNA) using 
zooxanthellae-specific PCR primers. The results indicate 
the presence of as single species of Durusdinium sp., (this 
genus was formerly referred to as Clade D). The photo-
physiological responses of the different Stylophora morphs 
were determined by exposing coral nubbins to 28, 30 
and 32oC for a 12-hr duration then using a Diving Pulse-
Amplitude-Modulated (D-PAM) fluorometer to measure 
changes in chlorophyll a fluorescence. Variable photo-
physiological responses to thermal stress were observed 
among the Stylophora colonies habouring both species of 
symbionts. The different morphologies may partially explain 
the differential responses to thermal stress. Identification 
of thermally vulnerable morphs is imperative in a globally 
warming ocean for appropriate adaptive management 
strategies so as to better conserve and manage rare and 
thermally vulnerable reef-building coral species. 

Keywords: Cladocopium, Durusdinium, Mauritius, 
Stylophora madagascarensis, Thermal stress

POSTER

Marine turtle mortality in Mozambique (1991-2018): 
how big is the iceberg? 

RAQUEL S FERNANDES1* & MARCOS AM PEREIRA2 

Centro Terra Viva - Estudos e Advocacia Ambiental, PO 
Box 2046, Maputo, Mozambique. 

Email: rakelsf.mz@gmail.com

Background

The Mozambican coastline functions as an important 
migratory corridor, as well as feeding and nesting grounds 
for marine turtles, mostly loggerheads (Caretta caretta), 
greens (chelonia mydas), leatherbacks (Dermochelys 
coriacea), hawksbills (Eretmochelys imbricata) and, to 
a lesser degree, olive ridleys (Lepidochelys olivacea). 
Despite the existence of strong legislation protecting 
marine turtles, in addition to local advocacy and 
awareness efforts, poaching of these endangered species 
is still occurring at alarming rates even within marine 
protected areas (MPAs).  While the  Annual Report 
on Marine Turtle Conservation in Mozambique and 
occasional publications present data on mortality, no 
general evaluation at national level was ever conducted 
on the mortality, main causes as well as hotspots. 

Methods

Historical data on turtle mortality in Mozambique was 
compiled from different sources, mainly the Mozambican 
marine turtle monitoring, tagging and conservation annual 
reports (2007-2018). The great majority of the data 
concerns mortalities recorded on the beach and inshore. 
The location and causes of mortality were identified per 
species. Traditionally, marine turtle mortality has been 
under-reported. We estimated the total mortality per 
year based on a reported mortality perkm index. Two 
scenarios were considered: 1) areas with successful 
monitoring and conservation programmes (i.e. reporting 
and enforcement), which included the Ponta do Ouro 
Partial Marine Reserve (POPMR), Bilene, Cabo de São 
Sebastião Total Protection Zone (CSSTPZ), Bazaruto 
Archipelago National Park (PNAB) and Vamizi Island; 
2) areas with poor or non-existent monitoring and 
enforcement, namely Quirimbas National Park (QNP), 
Primeiras and Segundas Environmental Protection Area 
(PSEPA), Inhassoro, Sena Island, Tofo–Paindane beach and 
Afungi Peninsula. Data was collected occasionally as part 
of specific projects in the latter areas. The index was 
used to estimate the range of total annual mortality for 
the whole 2 470km of coastline. 

Results

A total of 886 records of marine turtle mortality were 
compiled into a database that spans from 1991 to 2018. 
The results show that for the majority of the cases on 
record, 56.3% (n=382) derived from anthropogenic 
causes, mainly unspecified (e.g. consumption), which 
accounted for 49.7%, fishing-related (43.5%) and to 
a lesser degree turtle poaching on the beach whilst 
attempting to nest (6.5%). One specimen showed cuts 
from a boat propeller. Of the total number of mortalities 
on record, for 472 cases (39.0%) no causes were 
identified or reported. Only 4.7% (n=32) mortalities 
were associated to natural causes, with nine showing bite 
marks. Green turtles represented (39.1%), loggerheads 
(9.0%), followed by leatherbacks (3.4%), hawksbill 
(2.3%) and olive ridleys (1.8%). A large number of turtle 
remains (44.5%) were not identified to species level. 
A great proportion of marine turtle deaths (55.9% of 
total records; n=337) were reported from MPAs, which 
is indicative of some monitoring, conservation and 
reporting capabilities. MPAs located in the northern part 
of the country had high levels of mortalities with peaks in 
the PSEPA (average±SD; 31.0±22.6) in the 2009/10 and 
2010/11 seasons, and the QNP (22.0±20.2) within five 
seasons (between 2006 and 2018). The BANP (4.8±11.6; 
data from 12 seasons between 2000 and 2018) followed 
by the POPMR (4.1±3.7; from 22 seasons from 1992 
and 2018) showed that MPAs in the southern part of 
the country had considerably lower levels of mortality. 
Further, at the CSSTPZ 1.3±1.5 cases were reported 
from six seasons from 2006 to 2018. We estimated 
for scenario 1 a rate of 0.1 mortalities.km-1, whereas 
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scenario 2 resulted in a rate of 4.6 mortalities.km-1 . 
Extrapolating for the total Mozambique coastline, we 
estimated an interval of 294 to 11 300 turtle mortalities 
per year. Therefore, the estimated number of mortalities 
is 8 to 319 times higher than the currently reported 
figures (average of 35 mortalities per year).  Additionally, 
mortalities derived from the semi-industrial and 
industrial shrimp trawling fisheries (reported by-catch of 
between 1 932 and 5 436 turtles per year in the Sofala 
Bank) has not been included. 

Conclusion

Turtle mortality in Mozambique is severely under-
reported not only due to its illegal nature but also 
originated from poor monitoring, conservation and 
enforcement through the country (including within 
MPAs). There is a definite need of further research on 
offshore fishing-related mortalities, as well as inshore 
beach-seining and gill-netting. Increased monitoring and 
enforcement efforts should be directed towards the 
northern section of the country, where nesting beaches 
are confined to a few islands and the seagrass foraging 
areas are located in sheltered areas where gillnets and 
boat-seines are extensive and intensively used. Finally, 
natural causes of mortality need to be accurately 
identified and recorded.
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Tropical seagrass meadows contribute to climate change 
mitigation due to their ability to capture atmospheric 
carbondioxide (CO2) during photosynthesis and store 
it in the living biomass and soil. Moreover, they shelter 
a considerable amount of calcifying macroalgae, which 
through their photosynthetic activities promotes 
calcification process. However, it is not known whether 

their coexistence counteracts net macrophyte carbon 
sequestration. The main aim of this study was to 
understand the influence of submerged vegetation on the 
fluxes of CO2 over the water surface in a tropical shallow 
water. This was achieved by a combination of in situ and 
mesocosm measurements of air – water CO2 exchange 
using floating chamber technique. By measurements 
of air – water CO2 exchange and water parameters 
of the tropical shallow lagoon (Chwaka Bay, Zanzibar), 
we evaluated the effect of vegetation composition in 
a seagrass dominated area and compared CO2 fluxes 
at different densities of seagrass and calcifying algae in 
a mesocosm set up. Our results showed that tropical 
seagrass photosynthetic CO2 uptake creates downflux 
of atmospheric CO2 in the seawater. The fluxes of CO2 
were correlated with the fluctuations of both dissolved 
oxygen and pH in the water column, indicating a link 
between air-water fluxes of CO2 and the productivity 
of macrophytes. Results also showed that macroalgae 
calcification counteracts the effects of photosynthesis on 
the air – water CO2 exchange although their coexistence 
found to influences each other positively either in 
calcification or photosynthesis processes depending on 
the percentage of calcifiers presents. 

POSTER

Study of the Distribution of Sea leaves and Benthic 
Macrofaunes in Battery Range, Ifaty and Mangily; 
Southwest Shore of Madagascar 

RASOLOFOARIVONY VELOMPANAHY NESTIN 

Institut Halieutique et des Sciences Marines, Toliara, 
Madagascar 

The distribution of benthic macrofauna and lets of sea 
from the Toliara beach (southwest of Madagascar) was 
studied from samples collected between two seasons 
(warm seasons and cold seasons). An inventory of the 
benthic macrofauna of the beach was made and the 
results of the study of the spatio-temporal variation 
of diversity, abundances, constancy and fidelity were 
presented. The zoological groups present in the three 
study sites are crustaceans, polychaetes, molluscs, 
cnidarians and insects, with a clear predominance of 
crustaceans and molluscs. The abundance estimation 
study showed that the averages between the stations 
surveyed in the three sites studied did not significantly 
differ. This situation indicates that the sites studied are 
very close in ecological factors and faunal population. 
The rate of recovery of the benthic forms of the range 
of the Battery is equal to 90.11% of the sands and 9.89% 
of the sea leashes; that of Mangily 72.13% of the sands, 
14.44% of the rocks and 9.89% of the lets of sea and 
finally of Ifaty 67.76% of the sands, 19.63% of the rocks 
and 12.61% of the let of sea. The quantity of 6.98 tonnes/ 
hectare/ year of sea letting is estimated on the beaches 
studied in the vicinity. They consist of 5 t / ha/ year of 
organic matter and 1.98 t /ha/year of non-organic waste
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Background

Humpback whales C3 population (Megaptera 
novaeangliae) migrates along Madagascar’s coastal 
waters and plays important role in the country’s 
ecotourism. The aspect of the development of newborn 
calves accompanied by their mother is essential for its 
conservation. Given the importance of length in the 
study of wildlife on one hand and the limited number of 
the study on the swimming dynamics of mother-calf pairs 
of this species on the other hand, a photogrammetric 
survey and a study of the swimming dynamics were 
conducted in the Sainte Marie channel. The study aims to 
analyze the variations of the size of mother-calf pairs, to 
prove the existence of one or several specific swimming 
configurations offering energetic advantages for the 
calves and to compare their swimming behavior. 

Methods

Vertical-aerial photographs taken with an unmanned 
aerial vehicle (UAV) were used for the photogrammetric 
study, in order to measure body length of individuals. 
Factors influencing length were then investigated. 
Videotapes of calves swimming with their mother were 
used to quantify swimming effort based on tail beat 
frequency and its variation according to the swimming 
configuration. Data from digital tag (Acousonde tag) 
were used to compare the swimming behavior of calves 
and their mother, especially the swimming stability. 

Results

The photogrammetric survey showed that the size of the 
individuals doesn’t vary according to the month and doesn’t 
affect the choice of the escorts. Also, calves’ size is not linked 
to the primiparity or multiparity of the mother. The study of 
the swimming of the calves and their mother proved that 
calves swim mainly in echelon and close to the mother to 
save energy and show right-biased lateralized behavior. The 
results also showed that calves active swimming behavior 
is much less elaborate compared to the mother, while the 
gliding is already fairly controlled. 

Conclusion

A larger application of the photogrammetric method 
can be considered as part of population monitoring. On 
the other hand, the findings on calf swimming highlight 
the importance of the proximity between mother-calf 
pairs and the necessity of strict regulations for their 
observations in order to minimize the risks of rupture.
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The MItantana HArena an-dRanomasina avy eny Ifotony 
(MIHARI) network was created in 2012 to address the 
isolation and challenges faced by the country’s small-
scale fishing communities within Madagascar’s Locally-
Managed Marine Areas (LMMA), and to support locally 
led marine conservation. For years, very little information 
about these LMMAs has been available. However, these 
data are crucial in order to give them suitable support 
and promote peer-to-peer learning. In 2017, MIHARI set 
up a national LMMA database to address this need. Data 
are collected online from MIHARI’s partner NGOs who 
support LMMAs, and are being checked and validated by 
the network. For clarity, confidentiality and transparency 
in the collection and use of the data, two documents 
were framed: a memorandum of understanding (MOU) 
between MIHARI and each NGO, and a community 
agreement between MIHARI and each LMMA. To date, 
over 200 LMMAs have been registered in the first wave 
of data collection. The database contains the names 
and locations of each LMMA, how and when they 
were founded, their support NGO, their governance 
mechanism, and their alternative livelihood activities. 
This presentation will introduce the database and the 
online visualization of the data that has been developed 
for different audiences. We will discuss the challenges 
faced during the development of the LMMA database, 
from getting data forms filled effectively by partners 
to elaborating a dynamic visualization. Despite the 
challenges, we will also discuss how the creation of an 
LMMA database and visuals will be an important tool 
to unite LMMAs, empower them in local management 
of marine resources, and foster lesson learning and 
information sharing across the network. Moreover, we 
will highlight its replicability by all countries with LMMAs 
or similar community associations.
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Madagascar is characterized by the scarcity of fish fauna 
and its high endemicity. Most endemic fish, especially 
Paratilapia polleni are getting extinct. The general objective 
of this study is to test the adaptability of this species 
according to the physical, chemical and trophic parameters 
(temperature, pH, turbidity, density, feeding) from farming 
in a controlled environment in an aquaculture farm in 
Toliara. The food used during the research consists of 
38.65% protein, 26.55% carbohydrates and 7.66% lipids. 
The physical and chemicals parameters of the farming 
water were monitored twice a day in order to see their 
overall trends. The development and the growth of the 
species is monitored by weighing fry at the beginning and 
at the end of the study, the experiment was performed 
over 2 months. The values of the physical and chemical 
parameters are recorded in two series of experiments: 
25.07°C (at 6am) and 29.81°C (at 4pm) for average 
surface temperatures; 24.72°C (at 6am) and 29.14°C (at 
4pm) for deep water. The pH of the water is between 7.7 
and 9.6; and the maximum turbidity was observed at 9cm 
deep, which is mainly composed of phytoplankton. The 
final survival rate is 100% and the weight gain obtained 
at the end of the experiment are 0.59g per individual. 
The density of fry has an influence on herd growth: the 
higher the density, the faster the growth because there is 
competition for food. Despite the relatively slow growth, 
Paratilapia polleni is resistant to the ecological breeding 
conditions and this proves its ‘elastic’ character to the 
ecological conditions of the environment. In short, the 
natural restocking of this species throughout the island 
can be assured from fry produced at farms. 

Keys words: Paratilapia polleni, farming, controlled 
environment, growth, adaptability, conservation. 
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Background

Overfishing is a serious issue which concerns everyone, 
every country. It is a worldwide problem, a serious threat 
against the seas and for all mankind. It’s the plundering 
of halieutics ressources or to be more precise, the 
overexploitation of fishes. The actual situation is dire, 
overfishing is actually and effectively extinguishing 
many species of fishes. It’s not an infinite ressources 
Unfortunately the rate at which we are fishing is far too 
much for the fishes renewal to be sustainable. At long 
term many species of fishes will be extinct and that will 
greatly and negatively impact the marine ecosysteme 
which is already quite fragile. Overfishing has been a 
serious issue since a long time and most countries have 
signed treatys in order to fight it. Unfortunately, it has 
been apparent since then that it has been disregarded 
by those who have signed those accords. Of course, 
some governments are lacking ressources to implement 
those decisions. But many of them just don’t bother to 
monitor them and some are even accepting bribes in 
order to close their eyes. 

Methods 

It is impossible to force those governments to follow the 
treatys if they are determined not to. They must want 
to protect the ocean and seriously fight against illegal 
fishing. But if they are ready to consider fighting against 
the defiling of our halieutics ressources, to prevent our 
ecosystem from collapsing then there may be a solution 
which can help fishing regulation. Factory ships are 
generally used by those mainly responsible of overfishing. 
They are massive and can contain a huge amount of fishes. 
Some of them are using forbidden fishing technology in 
order to improve their performances despite the massive 
damage it can cause since such means can’t set appart 
the fishes which can be harvested and those who are 
protected. They are mainly used in order to process 
the fish to facilitate their transportation by removing 
their heads and viscera and then by freezing them. Then 
What if The concerned government used the factory 
ship as a mean to monitor fishing in national water? We 
can’t allow overfishing to continue and one of the main 
factor of this practice are factory ships. They are used as 
container but it’s quite obvious that the greatest concern 
lies in it’s processing ability, because even if you have a 
ship which can contain hundreds of thousands of tons 
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of fish if you can’t preserve them they are useless. And 
since this is the most important process of the factory 
ship it would be better for the concerned government 
to provide this service. Of course such service should be 
paid, it could provide works for many citizens and since 
the factory ships would’nt leave national waters it’s fuel 
consumption would be minimal. Therefore, by making use 
of these factory ships, i believe that it becomes possible to 
harmonize fishing monitoring since a law can be made to 
force any and all foreign fishers to go through this control 
so that the concerned government can effectively know 
which fishes has been catched and how much. We can thus 
limit overfishing and by giving a certificate to those who 
passed the monitoring, their own government can contrôl 
how much fishes they have caught and which ones should 
be allowed in their territories. 

Results

This is a new application of factory ships and it is 
necessary for new laws to be passed before it can be 
implemented. And calculating whether or not it is 
possible for less wealthy countries to make use of them 
is still to be done. 

Conclusion

This system could possibly make it easier for countries 
and government to monitor fishing and prevent or at least 
reduce the overexploitation of our marine ressources. 
But it is necessary to understand that the flaw is still the 
human factor. Human are flawed and they can be bought, 
they can be greedy and disregard the harm we are doing 
to humanity itself. Therefore, in order for such system to 
work , it’s necessary to have a tight contrôl over those 
who will be responsible of making it work and strictness 
must be ensured to prevent corruption.
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The study aims to set up a protocol for fish population 
monitoring in the Ambondrolava mangrove reserve in 
three zones with different statutes (with and without 
fishing restrictions) in order to be able to determine 
in the future whether the implementation of this 
reserve has beneficial impacts for local fishermen. 
The monitoring of fish population is based on fishing 

monitoring conducted by 2 fishermen at low tides 3 days 
a week, for two consecutive times a day. Fishing effort 
is estimated from surveys conducted for two weeks 
with local fishermen in the village. Water samples are 
analyzed in the laboratory to determine its physical and 
chemical parameters. Results from the 3 sites (A, B and 
C) show an ecological gradient on the distribution of 
fish species according to salinity. In addition, fish catch 
at site C, located in the currently open reserve, is larger 
than that of the other 2 downstream sites. The salinity 
gradient observed between sites reflects a distribution 
of species according to this factor. In addition, the 
peculiarity of this mangrove, with very low freshwater 
inflow, supports the fact that almost all species found 
are of marine origin. The most abundant families are: 
Gobiidae, Engraulidae, Gerreidae, Platycephalidae and 
Teraponidae. The high diversity in site A, highlighted by 
the Shannon H’ index, is explained by the presence of 
marine species that tolerate high salinity (Pomacentrus 
philippinus, Saurida gracilis and Platycephalus indicus). 
Site B is dominated by Monodactylus argenteus and 
Lutjanus argentimaculatus. Site C, located in the reserve, 
has the lowest species diversity because of its low salinity, 
but shows more abundant fish catch and total catch 
weight. Several species are also found in a cosmopolitan 
manner between the different sites. Fishing effort shows 
a significant pressure on fish population, about 1 440 kg 
of juvenile fish caught per month, which shows a large 
number of fish not reaching adulthood (around 4g/fish= 
360 000 fish caught each month). Local fishing practices 
are the reason, including the use of fishing nets with a 
2mm mesh. 

Keys words: mangrovs, monitoring fish, conservation, 
Ambondrolava
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Shrimp production occupies an important place in 
fisheries production in Madagascar, accounting for 73% 
of exported products.  This exploitation generates, by 
the the shelling and the process of removing shrimp’s 
head, a lot of by-products (or wastes). Either 60% of the 
shrimp is mainly rejected as garbage, yet they contain 
biomolecules of biotechnological interest which are able 
to influence the physiology of organisms. Therefore, a 
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study has been realised from November 2016 to January 
2017, the objectif is to propose a way of valorization 
of shrimp’s wastes in aquaculture notably in Oreochromis 
niloticus nutrition.  The experience was done in two 
parts. The first one is about biochemical process, which 
was done in the VALorisation des REssources MARines 
or Marine ressources valorization (VALOREMAR) 
laboratory of the Institut Halieutiques et des Sciences 
Marines (IH.SM). This process is autolysis, an enzymatic 
hydrolysis, which uses the endogenous pepsin of the 
viscera in the shrimp’s head. Autolysis release the peptides 
and amino acids contained in the heads of shrimps. 
Once that last was mached, melt and homogenized, 
the reaction is started with activation of the pepsin at 
pH = 2 and 40°C. Those parameters of hydrolysis (pH, 
temperature and hydrolysis degree) are followed and 
controled by the methods of pH-stat. The reaction is 
arrested after two hours by thermal inactivation of the 
enzyme. The autolysate powder is obtained by drying 
(at 70°C.) and grinding the supernatant obtained after 
centrifugation. The second part concerns the test of 
efficiency in fish nutrition.  Three experimental ration are 
tested respectively on three replicate batches of Tilapia 
Oreochromis niloticus’s juveniles. The protein source of 
animal origin is brought by the fish meal in the blank feed 
and is replaced, by the autolysate, partially in the food 
A50 (50%) and totally in the food A100 (100%). Juveniles 
fed twice a day under the same rearing conditions. The 
zootechnical performances are followed weekly for 6 
weeks. The differences between linear and weight growths 
are verified by the one-way ANOVA test on Systat 12 at 
a significance level of 5%. An average degree of hydrolysis 
of 35.63±1.49% and an autolysate yield of 8.21±2.49% 
were recorded over four tests. the peptide level and 
digestibility are higher in the autolysate than in the initial 
substrate and there are more essential amino acids, 
such as lysine and methionine (Tilapia growth factors). 
The kinetics of hydrolysis only presents two phases 
: the phase of fast growing and phase of latency. After 
six weeks, the test batches show higher performances 
compared to the pilote batch. They have a much higher 
average weight and height growth especially those fed 
with the A100 food. The best zootechnical performances 
are gotten with the test batches whose daily gains of 
weight and height are respectively of 0.45g/day for 
0.06cm/day (lot A100) and 0.38g/day for 0.05cm/day (lot 
A50); against 0.29g/day -0.03cm/day for the pilot batch. 
At the end of this study, we can conclude that shrimp 
heads and byproducts constitute active biomolecule 
resources accessible and valorizable by biochemical 
processes such as autolysis. This process results in 
a higher degree of hydrolysis than heterolysis (using 
exogenous enzyme) and whose products have strong 
functional and nutritional properties. Those products 
transfer into the fish feed increases the digestibility and 
growth of fish while decreasing the duration and costs 
of aquaculture.
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Background 

The Agulhas Current is the major western boundary 
current in the southwest Indian Ocean and flows 
southward along the east coast of South Africa, closely 
following the continental slope. Cool water can be 
uplifted onto the shelf by divergence of the Current 
away from the coast, and along the inner edge of the 
Agulhas Current through Ekman veering in the bottom 
boundary layer. This results in the shallowing of the 
cool water between the Agulhas Current and the 
shelf edge, with further wind-forced upwelling up the 
slope and onto the shelf. These physical driving forces 
result in nutrients being uplifted into the surface layers 
stimulating increased phytoplankton production in the 
euphotic zone. Investigations of phytoplankton in the 
southeast ecosystem are limited and as far as is known 
there is only one recently published study on production 
and phytoplankton communities for this sector of the 
South African coast. A new project was initiated through 
the South African ACEP programme to investigate the 
oceanography of this region in greater detail and examine 
the impact of physical driving forces on phytoplankton and 
zooplankton communities. Phytoplankton populations 
were investigated by using phytoplankton pigments 
and absorption to elucidate community structure 
and the adaptation of the communities to changing 
environmental conditions. The main scientific objectives 
were: (1) to examine the variability in phytoplankton 
structure; (2) examine the effect of environmental 
parameters on the phytoplankton; (3) reveal differences 
in the absorption and photo-acclimation properties 
between phytoplankton groups. 
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Methods 

A research cruise was staged in January-February 
2017 on the southeast coast of South Africa between 
Port Elizabeth and Port Shepstone, with hydrographic 
profiling and nutrient sampling performed at a range 
of stations. Sampling for phytoplankton pigments and 
absorption was conducted during daylight only at 
selected stations at 5 depths within the euphotic zone 
and stored frozen for analysis ashore. Pigments were 
analysed by high performance liquid chromatography 
to yield the concentration of 25 individual chlorophyll 
and carotenoid pigments. Photo-pigment indices were 
derived to assess the changing contribution of total 
chlorophyll a (TChla), total chlorophyll b (TChlb), total 
chlorophyll c (TChlc), photosynthetic carotenoids 
(PSC) and photoprotective carotenoids (PPC) to 
the total pigment pool (TPig). Appropriate pigment 
biomarkers were also used to determine phytoplankton 
community composition utilising the CHEMTAX 
iteration programme to derive the contribution of 
diatoms, dinoflagellates, small flagellates and prokaryotes 
to TChla. Particulate absorption spectra (200-750 nm) 
were determined spectrophotometrically and pigments 
were removed by bleaching and rescanned to measure 
detrital absorption. All spectra were corrected by 
subtracting blank spectra and 750 nm values from all 
wavelengths, and a path length amplification factor was 
used to correct for scattering by the glass fibre filters. 
Phytoplankton absorption coefficients were estimated 
by subtracting detrital absorption from the particulate 
spectra. Chlorophyll-specific absorption was estimated 
by normalising to TChla. 

Results 

The highest concentration of TChla (7.3 mg m-3) was 
estimated for an inshore station (20 m depth) in the 
vicinity of the Port Alfred upwelling cell and CHEMTAX 
analysis revealed that diatoms were generally the 
dominant group at most of the inshore stations close 
to the coast. The lowest surface concentration of Chla 
(0.1 mg m-3) was observed at a 1000 m station offshore 
from East London and the picoplanktonic Prochlorococcus 
cells were dominant within the upper 75 m water 
column. The offshore stations over the continental 
slope consisted mostly of mixed communities of 
flagellates and prokaryotes, with haptophytes and 
Prochlorococcus being the dominant groups. Mid-shelf 
stations had intermediate TChla concentrations (up to 
5.5 mg m-3) and communities consisted of diatoms and 
flagellates, where haptophytes and prasinophytes were 
the prominent flagellates. Phytoplankton absorption 
spectra showed characteristic peaks at 676 nm and 
440 nm in the visible range due to absorption of light 
for photosynthesis by the chlorophyll and carotenoid 
pigments. Absorption peaks were also observed 
at 330 nm and 255 nm in the UVA and UVB regions 
respectively. Absorption at 255 nm was twice that at 

330 nm, indicating greater absorption of UVB than UVA 
radiation by mycosporine amino acids to protect cells 
from UV damage of their photosynthetic membranes. 
Phytoplankton populations acclimated to changing 
irradiance conditions by adjusting their absorption of 
light by accessory pigments. Prokaryote dominated 
communities had high chlorophyll-specific absorption 
coefficients and a high proportion of spectral absorption 
by chlorophyll a and PPC (photoprotective carotenoids). 
Diatoms had low chlorophyll-specific absorption and 
elevated absorption by PSC (photosynthetic carotenoids) 
and chlorophyll a. Flagellate dominated communities had 
intermediate chlorophyll-specific absorption and had 
elevated absorption by chlorophyll a, chlorophyll b and 
PSC (photosynthetic carotenoids). 

Conclusions 

An investigation of phytoplankton on the southeast 
coast of South Africa in the summer of 2017 indicated 
that diatoms dominated the communities in the inshore 
shallow zone, mixed populations of diatoms and small 
flagellates were observed on the mid-shelf, while 
offshore stations over the continental slope consisted 
mostly of flagellates and prokaryotes. Absorption spectra 
revealed peaks in absorption of light for photosynthesis 
at red and blue wavelengths, but also high UVA and UVB 
absorption for protection against UV damage. Subtle 
differences were observed between diatoms, flagellates 
and prokaryotes in the proportion of chlorophyll 
a, chlorophyll b, photosynthetic carotenoids and 
photoprotective carotenoids within the total pigment 
pool as each group adapted to varying irradiance 
conditions in the water column 
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Background 

Globally, 2015 and 2016 were the hottest years to date 
and land and sea temperatures have broken all previous 
records. In October 2015, the United States National 
Oceanographic Atmospheric Administration (US-NOAA) 
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announced that the third mass global coral bleaching event 
had commenced due to the extreme pattern of sea water 
temperatures. A moderate to high bleaching warning was 
put in place for the western Indian Ocean in January 2016 
and bleaching was reported in the Comoros, Seychelles, 
Madagascar, Reunion, Mozambique and Mauritius. The 
island of Rodrigues (Republic of Mauritius), situated in the 
south-western Indian Ocean, is one of the few locations 
within the Indian Ocean, and indeed internationally, to have 
previously avoided being extensively impacted during first 
two mass global coral bleaching events that took place in 
1997/98 and in 2009/10. Surface seawater temperatures 
around Rodrigues exceeded 29°C and surpassed the 
long-term summer mean maximum by more than 1°C in 
January 2016 and again in February 2016. Surveys in July 
2016 at 23 sites around Rodrigues found that all sites had 
bleached and exhibited recent bleaching-related mortality. 
The average bleaching-related mortality per site was 75% 
across all 23 sites and comparison with data from 2010 
revealed that the average live hard coral cover had fallen 
from 35% in 2010 to 15% in 2016. The aim of this study 
was to continue the coral reef monitoring that has been 
undertaken around Rodrigues since 2000, and in particular 
assess the status of the coral reefs following the 2015/16 
coral bleaching event to determine the full extent of the 
damage and to identify any signs of recovery. 

Methods 

Surveys were completed during April 2018 at 11 sites 
around Rodrigues. Sites chosen included six that are part 
of the Shoals Rodrigues long-term coral reef monitoring 
programme and have been surveyed since 2000 and 
five sites within the South East Marine Protected Area 
(SEMPA) that were set up in 2008. These included a 
mixture of sites on the reef flat (approximately 1m depth) 
and reef slope (6m – 12m depth), and in SEMPA they also 
include sites within the large channel (Grande Passe). The 
survey methods employed were a modified version of the 
internationally accepted Global Coral Reef Monitoring 
Network methodology that have been tailored to the 
local conditions. Reef flat monitoring was carried out by 
snorkelling, while SCUBA diving was used for the reef 
slope and channel surveys. Three 50m transects were 
laid at each site, either running parallel to each other or 
in line, depending on the site topography, separated by 
approximately 5m.  Benthic substrate composition was 
assessed over the first 20 m of each transect using the 
Line Intercept Transect method. The first 20 m of each 
tape was also videoed using an underwater video camera 
and photoquadrats were taken along either side of the 
first 10 m of every transect.  A Timed Count method was 
first used to assess the abundance of larger, schooling or 
more mobile fish species and the Belt Transect method 
(50 m x 5 m) was then used to assess the abundance of 
demersal fish species as indicators of ecosystem health/
recovery. The Belt Transect method (20m x 5m) was also 
used to assess macro-invertebrate abundance. 

Results 

Live coral cover varied from a mean of 0.02% at on 
the reef flat at Grand Bassin in the north to 35.02% 
on the channel reef at Passe Carangue in SEMPA. Live 
coral cover was highest at the two channel reef sites, 
Passe Carangue and La Tete Grand Passe. All other sites, 
excluding the reef flat at Passe Armand (i.e. 73% of the 
sites surveyed) had live coral cover of 10% cover) on 
the reef slopes in the north. Rubble was >10% at Trou 
Blanc, Bassin l’Ancre and Passe Carangue in the south 
and on the reef flat at Passe Armand and Grand Bassin 
in the north. Comparisons with coral reef monitoring 
surveys undertaken at the northern sites in 2010 and 
2012 indicate a decline in live coral cover at all sites. 
Coral cover on the reef flat sites declined from 21.3% 
at Passe Cabri in 2012 to just 5.4% in 2018 and from 
13.8% in 2010 to 0.02% in 2018 at Grand Bassin. On the 
reef slope sites, live coral cover fell from 57% in 2012 to 
6.6% in 2018 at Passe Armand and from 79.8% to 1.7% at 
Grand Bassin. Comparisons with coral reef monitoring 
surveys undertaken in SEMPA in 2009, 2010 and 2011 
also indicate a decline in live coral cover at all sites 
except for Trou Blanc, although these declines tended to 
be smaller than at the northern sites. The abundance of 
fish was low and the fish communities were dominated 
by herbivorous surgeonfish (Acanthuridae), in particular, 
the striped bristle tooth Ctenochaetus striatus which 
feeds on detritus from algal turfs. Carnivorous fish 
species were rare: no snapper were recorded at any site; 
emperors were only observed at two sites and grouper 
at just one site. Damselfish which have historically been 
very abundant on the coral reefs of Rodrigues were rare 
and only observed at one site in the southern lagoon. 
Macro-invertebrate numbers were also low and were 
dominated by sea urchins, especially Echinometra mathaei. 

Discussion 

The impact of the 2015/16 coral bleaching event around 
Rodrigues is the most severe event recorded to date. 
Bleaching and bleaching-related mortality occurred 
all around the island resulting in a decline in live coral 
cover at the majority of monitoring sites surveyed. On 
the northern reef slope sites, it appears that a phase 
shift has occurred from coraldominated to macro-algal-
dominated habitats. A. taxiformis has been previously 
reported to be abundant at some sites in the winter, but 
macro-algal cover returns to low levels in the following 
summer. The high abundance recorded during April 
suggests that it is now a permanent occurrence. The low 
abundance of fish recorded during the surveys will limit 
removal of macro-algae through grazing. In addition, A. 
taxiformis produces secondary metabolites which may 
act as a chemical defence against grazing and the species 
has been shown to be completely avoided by some 
herbivorous fish species. Macroalgal overgrowth may 
represent physical barriers to coral larval settlement, 
preventing recovery. The dead coral is already breaking 
down into rubble at more exposed sites in the south 
and on the reef flat in the north. This is accompanied 
by a loss in the structural architecture of the reef and 
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protective function. Rodrigues is a very isolated island 
exposed to high winds, particularly during the cyclone 
season, and large oceanic swells. The reef previously 
acted as a protective barrier dampening storm waves 
and preventing coastal flooding. A reduction in the reef’s 
protective barrier, may leave some areas more vulnerable 
to wave action and coastal erosion, posing an increased 
risk to coastal habitats, infrastructure and properties. 
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Background 

The ocean has been referred to as the next frontier 
of the global economy. Mauritius, with a maritime zone 
covering 2.3 millionkm2 , possesses an ocean territory 
that holds enormous potential for economic growth. 
Global warming due to anthropogenic climate change 
is gradually occurring, as evidenced by the worldwide 
increase in average ocean temperatures and rise in sea 
level. The warming trend in sea surface temperature has 
strongly been associated with the spread of vibrios, a 
group of marine pathogens native to warm oligotrophic 
coastal environments. Vibrio is a common causative agent 
of otitis and wound infections in susceptible persons 
in contact with seawater. Given the considerable 
uncertainty in the magnitude of projected warming 
and freshening of the Mauritian coastal seawaters, it 
is valuable to understand how this temperature- and 
salinity-sensitive pathogen responds to current, short-
term predicted, and long-term projected trends. Since 
the population dynamics of Vibrio species are inextricably 
linked to environmental parameters, this project aimed 
at shedding light on how these factors contribute to 
their prevalence rate, population densities, geographical 
and seasonal distribution in Mauritius. 

Methods 

From March 2017 to August 2018, a total of 552 seawater 
samples were collected from the surface, mid-column, and 
bottom of safe swimming zones at eight different coastal 
regions around Mauritius. The samples were subjected to 
salinity, pH, and aquaculture photometer analyses to test for 
specific ions (ammonia, nitrate, phosphate, and copper). Sea 
surface temperature (SST) data from the Mauritian open seas 
for the same period were made available by the Mauritius 
Meteorological Services and Mauritius Oceanography 
Institute. For the isolation of the Vibrio species of concern, 
the Bacteriological Analytical Manual’s method was adopted. 
Briefly, alkaline peptone water was used as the recommended 
enrichment broth, thiosulfate-citrate-bile salts-sucrose 
(TCBS) agar as the selective media, and HiCrome Vibrio 
agar for chromogenic differentiation of presumptive Vibrio 
colonies. The USDA’s Most Probable Number (MPN) chart 
was used to determine the MPN index. 

Results 

Suspect Vibrio counts made on TCBS agar yielded 71.5% 
yellow colonies while the remaining 28.5% were green 
(or bluish-green). Seasonal variation explained 19% of the 
increase in seawater Vibrio counts (p<0.001), with summer 
(0.92±0.81 Log MPN/ml) favouring higher population 
densities as compared to winter (0.60±0.70 Log MPN/
ml; p<0.001). The consequential standard deviation is 
due to the different sampling location, with the northern 
coasts having the lowest Vibrio populations while the 
eastern coasts had the highest (p<0.012). The Vibrio count 
decreased going down the water column; the surface 
seawater had a significantly higher average load of suspect 
Vibrio (0.99 Log MPN/ml) as compared to the midcolumn 
(0.77 Log MPN/ml) and deep seawater (0.68 Log MPN/
ml; p<0.001). However, SST data (26.76±1.47°C) did not 
explain the variability in Vibrio density (p<0.001). When 
comparing the seawater salinity (mean = 3.3±0.3%) 
against Vibrio count, only a negligible negative correlation 
of 14% was found (p<0.001). The mean seawater pH was 
8.02±0.21 and fell within the limits of the local coastal 
water quality requirements. When pH was compared 
against Vibrio count, a slightly positive correlation of 
20.2% (p<0.007) was found. Seawater specific ion data 
was compared with the local guidelines for recreational 
water quality and the ammonia (0.57±0.07mg/l), nitrate 
(0.40±0.89mg/l), and phosphate (0.03±0.13mg/l) levels 
were within the admissible range. Copper ion levels 
(125.8±94µg/l) on the other hand were way above the 
<50µg/l permissible limits. None of the specific ions had 
any effect on the increase in Vibrio density (p<0.05).

Conclusion 

While seasonal variation and pH explained 19% and 20% 
of the variation in seawater Vibrio counts, respectively, 
the other physico-chemical parameters affected the 
population densities to a lesser extent. Taken together, 
the findings give an indication of the potential threat that 
Vibrio present to human health with regards to the many 
recreational activities that take place in the Mauritian 
lagoons especially in summer. 
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Background 

The Western Indian Ocean (WIO) is a global hotspot 
of chondrichthyan (shark, ray and chimaera) diversity, 
with 227 species thus far identified. It is also a hotspot 
for threatened (54 species, 23%) and Data Deficient 
(71 species, 31%) chondrichthyans (IUCN Red List of 
threatened species). Fisheries pose the most significant 
threat to chondrichthyans in the region, through legal and 
illegal targeted fishing and bycatch. However, a regionwide 
assessment of the status of chondrichthyan fisheries, 
conservation and management in the WIO revealed 
significant gaps in the knowledge on their biology, ecology, 
fisheries and threats. There is also a lack of policy to guide 
fisheries management, and a lack of formal regulations 
for fisheries (particularly artisanal fisheries) that catch 
chondrichthyans as target or bycatch species. Most of 
these fisheries are poorly regulated and there have 
been few recovery efforts for threatened species. There 
is thus a critical need for improved data and corrective 
management, particularly for threatened species. 

Methods

A broad collaborative process was undertaken, among 
conservation, academic, research and management 
organisations, to develop a regional roadmap for the 
conservation and management of sharks and rays in the 

WIO. This document identifies the major issues relating 
to chondrichthyans in the WIO, and the need for improved 
biological, fishery and trade data, and for strengthened 
policy and legislation.  Accordingly, surveys at landing 
sites and fish markets, and ecological surveys using baited 
remote underwater video, were implemented in selected 
areas to collect fishery and ecological data, respectively. 

Results

The regional roadmap indicates a critical need for 1) policy 
reform to bring chondrichthyan fisheries under precautionary 
management and rebuild depleted populations, 2) collection 
of fishery and ecological data for chondrichthyans, and 3) 
outreach to engage decision-makers, resource managers and 
other actors in efforts to reverse the decline of these species. 
Landing site surveys throughout most of the region indicate 
intense fishing pressure on chondrichthyan populations, with 
a high proportion of threatened species in the catches. 
Coastal BRUV surveys indicate generally low abundance 
of coastal and coral reef-associated chondrichthyan species 
throughout most of the region, in comparison with more 
remote and pristine areas. Engagement with government 
departments in Madagascar and Kenya is contributing to 
the development of national plans of action (NPOA) for 
sharks and rays in both countries. 

Conclusion

This multi-disciplinary, collaborative approach provides 
several useful tools and a platform for improving the 
conservation outlook for chondrichthyans in the WIO. 
Lessons learned could inform NPOA development 
in other WIO countries, and the approach could lay 
the groundwork for a WIO regional plan of action for 
chondrichthyans. 
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Background 

Copepods are the preferred prey of a wide variety 
of invertebrate and vertebrate predators including 
commercially exploited pelagic fish. Their range 
expansions may be altered by large-scale dynamics 
of the pelagic system and their responses influences 
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changes in the distribution patterns of fish assemblages. 
Consequently large-scale oceanography processes of 
the Western Indian Ocean are primarily influenced by 
the tributary of the South Indian Ocean oligotrophic 
gyre and so the spatial structure of plankton across the 
entirety of the southern Indian Ocean region. 

Methods 

To investigate copepod distribution patterns, samples 
of pelagic copepods were collected using the Hydrobios 
Multinet at different depth intervals to a maximum sapling 
depth of 600 m during one of the first IIOE 2 cruises on board 
R/V Dr. Fridtjof Nansen across the southern Indian Ocean 
gyre from Indonesia to Mauritius in 2015. Physical data were 
obtained using a Seabird 911+ CTD probe. Horizontal and 
vertical distributions of copepods were transformed to 
integrated abundance individuals (m-2) and densities (m-
3). On exploring community structure, the relationship 
between copepod communities and environmental data 
were analysed using multivariate statistics. 

Results 

Our analysis revealed that copepod abundances were 
highest nearshore with changes in depth across the 
region. Copepod community structure was influenced 
primarily by depth and abundance. Composition 
appeared to be associated with temperature, salinity 
and chlorophyll levels across the Southern Indian Ocean 
gyre. Our results indicate that Indo-Pacific species have a 
spatial structure within the gyre. Horizontal and vertical 
spatial structure in copepod diversity are also discussed 
in relationship to environmental factors. 

Conclusion 

Our analysis of copepod composition and distribution 
provide an important component of baseline 
understanding of ecosystem functioning in the Southern 
Indian Ocean gyre. 
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During the last two decades, the marine biome has 
blossomed as a quasi-inexhaustible goldmine of 
structurally unique and highly pharmacologically active 
natural products, several of which have entered the global 
pharmaceutical pipeline as Food and Drug Administration 
registered chemotherapeutic drugs. The Republic of 
Mauritius is a principal Small Island Developing State 
(SID) in the South West Indian Ocean (SWIO) which 
aims at becoming Africa’s foremost leader in the blue 
biotechnology sector. Bestowed with one of the world’s 
largest exclusive economic zone (2.3 millionkm²), the 
island represents a rich biodiversity hotspot which is, as 
yet, largely untapped. Among marine organisms, sponges 
are the most prolific producers of bioactive compounds 
and are, therefore, preferential targets in the search for 
novel drugs. In this vein, the present study unfolds the 
selective cytotoxic activity of the sponge Neopetrosia 
exigua collected from Mauritian waters with the aim to 
identify bioactive compounds with anticancer potential. 
The total crude extracts were obtained from N. exigua 
using dichloromethane and methanol (1:1) followed by 
sequential fractionation with hexane, ethyl acetate and 
water. Using an array of in vitro biological and chemical 
models, the total crude and fractionated extracts were 
assessed for their (i) in vitro cytotoxic effects against six 
human cancer cell lines including esophageal (KYSE30, 
OE33, platinum resistant OE19), liver (HepG2), cervical 
(HeLa), colon (HCT116) and two non malignant human 
cell lines; lung fibroblast (MRC-5) and retinal pigment 
epithelium (RPE1) (ii) molecular mechanisms underlying 
cell deaths and (v) chemical constituents through Gas-
chromatographic and mass-spectrometric analysis (GC-
MS). In vitro cytotoxic screening of the ethyl acetate 
fraction of N. exigua (NEEAF) revealed pronounced 
dose dependent cytotoxic activity with IC50 value of 
6.87±0.78 µg/mL particularly against HepG2 cancer cells. 
Double staining of acridine orange/ethidium bromide and 
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Hoescht revealed hallmark characteristics of apoptosis 
in treated HepG2 cells. Mechanistically it induced an 
increase in reactive oxygen species (ROS) generation 
and depolarisation of the mitochondrial membrane 
with concomitant decrease in endogenous superoxide 
and catalase antioxidant enzyme activity suggesting that 
oxidative stress was pivotal in NEEAF mediated cell 
death. Noteworthy, the fraction demonstrated the ability 
to re-activate an epigenetically silenced locus and turn 
on its transcription in a Hela GFP model, highlighting its 
role as prospective sources of epigenetic modulators in 
cancer therapy. The study also delineated the mechanism 
by which NEEAF potentially induced cell death in HepG2 
cells by increasing the expression of the phosphorylated 
Jun N-terminal kinase and apoptotic markers such 
as (PARP, caspase 9, 3 and 7). Preliminary chemical 
screening of NEEAF through GC-MS analysis identified 
the anticancer compound betasitosterol trimethylsilyl 
ether as the most significant component representing 
23.9% of the extract. Overall, these results suggest 
that NEEAF represent a new source of therapeutics 
against liver cancer and hence warrant further detailed 
pharmacological studies to unravel the underlying 
mechanistic pathways by which NEEAF modulates 
the interplays involved in cell proliferation, oncogenic 
transformation and survival. Ongoing work aims to assess 
the antibacterial activity of NEEAF against tuberculosis 
causing mycobacterial bacterial strains as well as to 
isolate the active compound through bioassay guided 
fractionation. Promising results generated hereby will 
create incentives for national and international scientific 
collaboration by attracting investment opportunities and 
supporting research and development in a bid to explore 
the SWIO region for patentable marine pharmaceutical 
products in ecologically sustainable ways. In parallel, this 
study will back-up existing framework oriented towards 
the promotion and conservation of the biologically 
diverse and threatened Mauritian marine biodiversity 
including marine sponges of the genus Neopetrosia. 
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The Barren Isles (BI) coastal and marine ecosystem 
includes reef, mangrove and seagrass meadow habitats 
among others, harbouring an exceptional biodiversity. In 
order to reach the dual objectives of ensuring ecosystem 
health and supporting local livelihoods, the BI MPA has 
been implemented (Category IV of IUCN) using a locally-
led approach engaging small-scale fishers directly in the 
decision making for the management of their marine 
resources and activities. To support local management 
decisions, habitats were assessed using participatory 
methods before elaborating a clear integrated management 
plan with communities to maintain their ecological 
function. Within the MPA, local community members 
were trained in the identification of seagrass species and 
supported to map seagrass meadows within the MPA. 
This first step was an opportunity to share with fishers 
the importance of seagrass meadows in supporting fish 
and invertebrate populations, as well as more charismatic 
animals such as dugong and marine turtles. In the second 
phase, in-situ monitoring was carried out on the islands 
of Marify, Maroantaly, Andrano, Mangily and Abohazo, using 
the seagrass-watch methodology developed in McKenzie 
et al. (2003)6 . 16 community members were fully trained 
in the Seagrass-Watch methodology and participated in 
both the seagrass mapping in phase 1 and monitoring in 
phase 2. In this MPA, seagrass beds cover a total area of 
591.427 ha, a total length of 5.14km and width between 
0.01 and 2.10km. The two largest seagrass beds are located 
in the northern and central area around the islands of 
Maroantaly and Marify, covering areas of 293 ha and 
289 ha, respectively. From a total of 605 samples within 
the Barren Isles, six species of seagrass are identified: 
Thalassodendron ciliatum (with an occurrence of 61.8%), 
Syringodium isoetifolium (17.9%), Cymodocea rotundata 
(45.8%), Cymodocea serrulata (6.3%), Halodule wrightii 
(0.7%) and Halodule uninervis (0.5%). In the two largest 
seagrass beds, seagrass is multispecific but dominated by 
T. ciliatum. For Andrano and Mangily isles, only T. ciliatum 
and C. rotundata are observed. However, T. ciliatum is the 
only recorded species for Abohazo isles. At the local 
community level, this participatory mapping provided 
data for local decision making, informing for example, the 
choice of temporary and permanent reserves areas. Even 
more importantly, it encouraged social cohesion and led 
to greater engagement toward marine habitats protection. 
Overall, we observed a better ownership for sustainable 
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Remotely Operated Vehicle exploring ichthyofauna 
association with habitat from shoreshelf, in an 
endemism hotspot in South Africa 
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ASSOCIATE PROFESSOR SVEN KERWATH, AND DR. 
DENHAM PARKER 

The priority of understanding marine systems increases 
as expanding pressures are exerted on them. In South 
Africa, efforts are underway to utilise the ocean to 
stimulate economic growth which will result in further 
pressures on marine systems. The aim is to mitigate 
pressures, largely through proposed offshore marine 
protected areas (MPAs). One of these proposed MPAs is 
situated off the Kei river mouth in the Eastern Cape of 
South Africa.  The area offshore of the Kei river mouth is 
an endemism hotspot, and a transitional zone between the 
Subtropical East Coast and the Warm Temperate South 
Coast. The region was largely unexplored because of its 
treacherous sea conditions and because it was no longer 
an area of commercial fishing importance. A remotely 
operated vehicle (ROV) explored the regions’ fish and 
benthic habitats and investigated their associations. This 
study’s results provide quantitative information on fish 
and habitat diversity in the intermediate depths off the 
Kei river mouth. Observations of rare, commercially 
important, yet critically endangered charismatic reef 
fish species were made. These included red steenbras 
(Petrus rupestris), seventy-four (Polysteganus undulosus), 
red stumpnose (Chrysoblephus gibbiceps) and dageraad 
(Chrysoblephus cristiceps). Habitat types, including rhodolith 
beds, sponges, and deep-water corals were documented. 
Maximum predicted fish diversity corresponded with 
mid-continental shelf, which is incorporated into the 
regions proposed MPA.  The highest fish diversity was 
10km within the shelf edge (which had a depth of 
approximately 100m) and was associated with the most 
structurally complex habitat biota: Fan Coral. Depth was 
a fundamental predictor associated with the presence 
and abundance of species distributions. The results 
support the location of the proposed MPA and are a 
step forward in identifying critical habitat to protect 
diversity and endangered species, and thus contribute to 
the regions spatial management and governance.
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The coastal and marine environment supports livelihoods 
to the communities adjacent and far beyond it. The 
ability of men and women in the access and utilization 
of these resources has been found to differ profoundly. 
These variations provides for inequalities in resources 
access. This research therefore aimed at assessing the 
gender barriers to marine resources access in the 
islands. The study was conducted in Inhaca Island off 
Maputo bay in the Indian Ocean. The specific objectives 
of the study were to characterise and map the marine 
resources of the Island; to examine the challenge that 
women and men experience in accessing the resources 
and finally to understand the role of management and 
institutional structures in promoting sustainable and fair 
access and management of the marine resource. Semi-
structured questionnaires were designed for different 
sets of purposed sampled respondents. A total of 130 
questionnaires were administered in 3 villages. Analysis 
of the data both qualitative and quantitative was done 
systematically using SPSS and MS Excel. Gender analysis 
was applied in this study to determine the effects on 
marine resources access affecting different sets of 
gender. Results were presented in descriptive form, in 
tables, graphs and charts. Illiteracy and low education 
levels had a positive correlation with management 
of marine resources. Women were found to be highly 
illiterate though rated highly interacting with the marine 
resources. The study recommends an all-inclusive and 
shared management and sustainable utilization as a policy 
intervention to address gender barriers in accessing 
marine resources. 

Keywords: Inhaca, gender barriers, resources access, 
policy options, Western Indian Ocean.
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The global coastal fisheries are in a state of continuous 
depletion. Recent research reveal that decline of fish 
stocks in nearshore waters has caused poverty among 
small-scale fishers and dependent communities and 
threatens marine ecosystems beyond recovery. Despite 
a number of interventions to prevent overfishing, illegal 

11th WIOMSA Scientific Symposium 402



fishing and declining fish stocks globally, little is known 
on what conditions are needed for small-scale fishers to 
operate sustainably. This study was designed to assess to 
what extent small-scale fishers in three coastal districts of 
Tanzania are already engaged in sustainable fishing practices 
including complying with fishing rules and regulations. Socio-
ecological systems analysis framework was used as ascertain 
conditions that affect engagement of fishers in sustainable 
activities. Information obtained were corroborated with 
data generated through 6 focus group discussions, 17 
key informant interviews and a randomly survey of 128 
fishers from study sites. The findings show that possession 
of knowledge on importance of fisheries resources for 
livelihoods, past experience with decline of fish stocks and 
enforcement systems strongly motivated fishers to change 
their attitudes towards adoption of activities and fishing 
gears known to keep marine environment in a healthy state 
to be able to continuously fishing. Overall, up to 60% of 
fishers were identified to engage in minimal use of damaging 
gears. The biggest constraint to uptake of sustainable fishing 
was lack of financial assets to purchase sustainable fishing 
gears and inequitable access to resources. Understanding 
knowledge on conditions for small-scale fishers to switch 
to less damaging practices serves as an important strategy 
to develop policy to support revert declining fish stocks. 

Keywords: coastal; fisheries; sustainability; livelihoods; 
fishing gears; regulations
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Background 

The development of gas exploitation and unsustainable 
itinerant fishing in northern Mozambique has the 
potential to dramatically increase the pressure on marine 
resources in the next decades, which vulnerable coastal 
communities depend on for their subsistence. The Our 
Sea Our Life project supports the implementation of 
Locally Managed Marine Areas (LMMAs) enforced by 
the Community Fisheries Councils (CCPs) in the Cabo 
Delgado province to (i) increase the resilience of coastal 
communities and marine biodiversity and (ii) diversify 
livelihoods away from capture fisheries. The success of 
LMMAs greatly depends on whether the ‘opportunity 
costs’ resulting from their creation affecting the most 
vulnerable social groups are compensated for, and 
whether the CCPs promote sustainable livelihoods to 
reduce illegal fishing activities such as mosquito net 
fisheries. Community-based aquaculture of low-trophic 
species has the potential to sustainably address the 
LMMA opportunity costs. Marine bivalves are excellent 
candidates for community-based aquaculture. As filter 
feeders, bivalves obtain the necessary nutrients from 
the surrounding environment, thus obviating the need 
for external feed inputs.  Oysters of the genus Pinctada, 
usually cultivated for pearl production in subtidal 
environments, are traditionally harvested for human 
consumption in northern Mozambique. This study was 
developed in one of the Our Sea Our Life project sites 
to evaluate the feasibility of Pinctada cf. margaritifera 
culture in intertidal environments. 

Methods 

Three woden structures (tables) were built in 2 different 
locations to assess the effect of air and sun exposure. 
Each table supported 3 oyster culture bags (area of 
0.4 m2). Experimental oyster culture was performed in 
3 different scenarios: 1) sub-tidal (ST) only accessible 
during spring low tides, 2) intertidal with air exposure 
(AE, bags covered with coconut palm leaves) and 3) 
intertidal with air and sun exposure (ASE, no coverage). 
Intertidal environments were exposed daily during 4 – 6 
hours at low tide. Coconut palm leaves were replaced 
every month. Each culture bag was stocked with 200 
juveniles of P. cf. margaritifera collected from the Quiwia 
Bay. Biometry (measurements of weight, wet weight, 
length and width) was performed at the beginning of 
the experiment in a batch of 60 juveniles. The structures 
were monitored daily, to address eventual damage and 
prompt repair. The algae and fouling in the culture mesh 
bags were cleaned every 3 days, to avoid any restrictions 
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in water flow, as well as competition for oxygen and 
food. These activities were performed by a group of 
Quiwia community members, involving women and men 
in equal ratio. After 8 months, survival was assessed and 
measurements of weight, wet weight, length and width 
were performed. Condition index, or AFNOR index 
[(wet weight/total weight)x100] was calculated in 20 
juveniles from each culture bag. 

Results 

Survival rate was assessed and compared between 
ST (63.47±5.00%), AE (61.15±5.19%) and ASE (0%). 
Regarding the biometric evaluation, the oysters that were 
cultured in grow-out structures of ST had on average, 
longer length and greater width, thickness and weight 
(total and wet). In order to verify if these differences 
had statistical significance, 5 t-tests were performed for 
independent samples. Regarding the length, the group of 
oysters of ST scored significantly higher (M = 3.582, SD 
= 0.475) than oysters of grow-out structure of AE (M = 
2.983, SD = 0.328). Regarding the thickness, the oysters 
cultured at ST scored significantly higher (M = 1.302, 
SD =0.164) than oysters reared at AE (M = 1.18, SD = 
0.164). Concerning the wet meat weight, the oysters of 
ST scored higher (M = 2.442, SD = 0.712) than oysters 
cultured at AE (M = 1.945, SD = 0,461). Regarding 
the total weight, the Group of oysters of ST scored 
significantly higher (M = 11.041, SD = 2.740) than oysters 
of grow-out structure of AE (M = 7.643, SD =1.818). 
However, unlike the other biometric measurements, the 
AFNOR quality index was higher for oysters cultured at 
AE (M = 25.63, SD = 3.33) than for oysters of grow-out 
structure of ST (M = 22.18, SD = 3.96), t(118) = 5.17, p 
<0.001, 95% CI [2.13, 4.77], Cohen’s d = 0.94, CL effect 
size = 0.748. The CL effect size indicates that the chance 
that for a randomly selected pair of individuals the score 
of an oyster from Place A is higher than the score of an 
oyster from place B is 75%. 

Conclusions 

Overall, we concluded that P. cf. margaritifera is a good 
candidate for community-based aquaculture in intertidal 
environments (allowing for regular monitoring and 
handling at low tide by men and women). We observed 
that sun exposure is lethal for this species, which can 
survive, grow and breed under shade air exposure 
environments. Therefore, we aim to trial P. cf. margaritifera 
culture through technology transfer actions to a 

demonstration group and we will assess the productivity, 
the linkages with existing market and generated income 
before scaling up, in order to establish strategic indicators 
that allow us to guarantee the sustainability and viability 
of this activity. 

Keywords: community-based aquaculture, livelihood 
diversification, oysters, bivalves
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Zanzibar was involved in piloting REDD+ project in 
mangrove forests through community forest management 
between 2010 and 2014 to address climate change impacts 
and to provide incentives to local communities against 
deforestation. Since then there was lack of information 
linking influence of REDD+ pilot project on mangrove 
forest condition in Zanzibar. Therefore, this study was 
designed to assess the influence of REDD+ pilot project on 
mangrove forest condition in Zanzibar Tanzania to provide 
viable information to gage performance of the project 
in addressing the global REDD+ policy, Tanzania REDD+ 
strategy and Zanzibar Forest Policy for improving forest 
condition through carbon credit. Kitogani and Muyuni B 
villages were randomly selected for detailed study because 
these villages were among the villages involved in piloting 
REDD+ project in Zanzibar. Systematic sampling design 
was used to establish sample plots in mangrove forest in 
the study villages. Circular nested plots with radii of 2m, 5m, 
10m and 15m were adopted and in each plot assessment 
involved identification and counting of all trees <5cm 
diameter at breast height (dbh) as regenerants. Diameter 
at breast height was taken for trees ranging from 5cm to 
above 20cm. Species names were recorded along with the 
number of stems counted in each plot. Data were analyzed 
by using Microsoft Excel computer program and analysis 
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involved computation of stocking parameters. There were 
5847 and 374 number of stems per hectare in mangrove 
forests of Kitogani and Muyuni B villages respectively. The 
observed difference on the number of stems per hectare 
for the two studied mangrove forests was contributed by 
the size of the forests. Mangrove forest in Kitogani village 
is bigger than that of Muyuni B village. Stem distribution 
in the studied forests showed normal reversed ‘J’ shape 
trend, which is common for natural forest with active 
regeneration and recruitment. There were no trees 
above 20cm dbh in mangrove forest in Muyuni B village 
indicating that mangrove forest in this village was facing 
high level of human disturbance as compared to those in 
Kitogani village. Focus group discussions revealed that in 
both villages, there was high level of illegal harvesting of 
mangroves for poles, firewood and charcoal making for 
household income before implementation of REDD+ 
project.  The results on basal area distribution showed that 
mangrove forest in Kitogani village had higher mean basal 
area per hectare (17.5 m2 /ha) than that of Muyuni B village 
(0.4 m2 /ha). The observed difference could be contributed 
by low number of stems per ha for the Muyuni B mangrove 
forest when compared to that of Kitogani village. Generally 
speaking, mean basal area recorded in the studied mangrove 
forests was high (17.9 m2 /ha) meaning that implementation 
of REDD+ project had helped to improve the forest 
condition particularly growth of young stems that had led 
to regeneration. The general pattern of normal ‘J’ shaped 
trend for natural forests of mixed age species was not 
followed for both villages. This could be explained that 
small diameter trees constituted more to mean basal area 
per hectare. Focus group discussions revealed that there 
was high level of mangrove forest disturbances before 
implementation of REDD+ project. The main reason given 
for that was poor law enforcement regarding access to 
mangrove forest resources under the state tenure regime. 
The legitimacy did not involve local communities in the 
management of forest resources hence the forest behaved 
open. Other reason given was that the mangrove forests 
are close to local communities’ residents where larger 
diameter trees were highly demanded for poles, firewood 
and charcoal making for household income. Interestingly 
both forest showed high regeneration potential of the 
Ceriops tagal this could be due to high coppicing capacity 
and resistant to a range of ecological condition including dry 
and wet environment. In conclusion, the study established 
that REDD+ project has positively influenced stocking 
parameters in the two studied mangrove forests. There 
should be effective monitoring mechanisms in order to 
measure the impact of the project to the forest condition. 
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Acoustic remote sensing is widely used for mapping 
in the marine environment, with early applications in 
the disciplines of hydrography, geology, and offshore 
renewable energies. Despite its increasing use, the 
ecological validity of acoustic remote sensing methods 
remains largely uncertain due to the lack of: ground-
truth data at comparable scales, robust time-lapse 
surveys and true independence between ground truth 
and acoustic data. Although single frequency multibeam 
echosounder (MBES) systems have dominated acoustic 
mapping efforts, new ideas are emerging in the 
acquisition and processing of MBES multifrequency 
backscatter data for benthic habitat characterization 
and classifications, inspired by multispectral mapping as 
used in the terrestrial environment for decades. This 
study evaluates the performance of multifrequency 
backscatter data optimized for benthic habitat mapping 
in high priority areas of conservation of the Malin Sea, the 
Sea of the Hebrides and the North Channel. Preliminary 
results demonstrate that variation in sedimentary and 
ecological features can be explained by the combined 
acoustic response at a range of operating frequencies. 
Acoustic data is ground validated using underwater 
imagery and physical grab samples to provide detailed 
information of sediment particle size and better resolve 
the types of epifaunal assemblages present in the study 
area. This study provides supportive evidence for the use 
of multifrequency backscatter data as a tool in the rapid 
evolving field of benthic habitat mapping to support 
efforts in planning, conservation and management of 
Marine Protected Areas. 

Keywords: acoustic remote sensing, multifrequency, 
backscatter, habitat mapping
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Shallow water seagrass meadows are characterized 
by high primary productivity and receives substantial 
input of terrestrial organic matter from runoff, which 
collectively provide important sources of organic substrate 
for microbial degradation and nutrient cycling within 
the seagrass sediments. In the tropical western Indian 
Ocean (WIO) region, intertidal seagrass meadows are 
subject to periodic changes of tide, which affects water 
level and physiochemical conditions in seagrass overlying 
waters and in associated sediments. This could alter 
biogeochemical processes in sediments and thus, affecting 
the source strengths of methane (CH4), nitrous oxide 
(N2O) and sulphide. However, the effects of tidal changes 
on biogeochemical processes of these seagrass sediments 
are largely understood. This study investigated the effects 
of tide on biogeochemical processes of tropical seagrass 
sediments, by comparing emissions of CH4 and N2O and 
sulphide levels among two high tides and two low tides of 
each day/night cycle. While emissions of CH4  and N2O from 
sediments were estimated by a closed chamber technique 
followed by measuring samples in a gas chromatograph, 
sulphide concentrations in the porewater sediment 
were determined by methylene blue method followed 
by measuring samples in a mass spectrophotometer. Tide 
had pronounced effects on biogeochemical processes of 
seagrass sediments, with emissions of CH4 and N2O and 
sulphide levels (in surface sediment layers) higher during 
high tide. Time of the day had pronounced effects on 
emissions of CH4 and N2O and sulphide levels, and were 
higher during night than in day time for both high and low 
tides. Also, emissions of CH4 and N2O and sulphide levels 
differed among seagrass meadows and were positively 
correlated with water level, temperature and sediment 
organic matter content but negatively correlated with 
seagrass below-ground biomass. These results suggest that 
organically enriched tropical seagrass meadows are likely 
to emit to lager amounts of CH4 and N2O and suffer an 
increased damage from sulphide toxicity during high tide. 

Keywords: tidal changes; tropical intertidal seagrass 
meadows; biogeochemical processes; Western Indian 
Ocean; methane; nitrous oxide and sulphide.
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Background 

This presentation reviews the application of Remotely 
Operated Vehicle (ROV) technology in offshore research on 
the East Coast of South Africa. In 2000, three deep mixed 
gas divers discovered a living population of coelacanths 
off Sodwana Bay on the East Coast of South Africa. This 
catalysed the African Coelacanth Ecosystem Programme 
(ACEP) which has developed a marine platform that 
facilitates and supports coastal and offshore research 
in South Africa. ACEP collaborated the Jago team from 
Germany in three successful submersible based operations 
between 2002 and 2004 but in 2005, a Remotely Operated 
Vehicle was hired in the first application of ROV technology 
for marine research in South Africa. The ROV was used to 
investigate the feasibility of this approach for coelacanth 
surveys and canyon exploration in the iSimangaliso Wetland 
Park in northern KwaZuluNatal. This proved effective and in 
a week long expedition, the first coelacanth was sighted on 
the first day with 7 more observed over a week long period. 
The aim of this presentation is to share experience in the 
use of the ACEP ROV in coastal and marine management. 
Advances in the application of this new technique from 
2005 to 2018 will be described and progress, key challenges 
and recommendations will be shared. 

Methods 

In 2009, ACEP acquired its own ROV. A SAAB Seaeye Falcon, 
equipped with a Subsea Imaging 1Cam high definition video 
and stills camera with laser scaling. This is the same type of 
ROV as was trialled in 2005 and is capable of working to a 
maximum depth of 300m. The first 2 years were dedicated 
to training pilots and developing logistical experience to 
conduct offshore surveys, a key investment needed for 
this type of research to succeed. In 2011, the ROV became 
available on ACEP’s open competitive research grant call 
for the first time, and has since been supporting ROV 
based projects around South Africa’s East Coast. While 
projects have been multidisciplinary in nature ranging from 
biodiversity and fish surveys to biological collections for 
pharmaceutical use, each has aimed at answering specific 
questions in their respective geographic location. In 2013, 
another dedicated coelacanth survey was undertaken with 
ACEP pilots managing to navigate challenging terrain and 
enter the submarine caves. In 2015, the technical team 
started collecting marine invertebrates using a hydraulic 
manipulator arm and fitted claw. This provided samples for 
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taxonomy, barcoding, population genetics and bio-discovery 
research. In 2017, a new purpose built coastal research 
vessel, the RV Phakisa, a 15m Legacy Cat with Twin Hamilton 
Jet Engines was acquired enabling greater manoeuvrability 
and station holding. This improved research operations 
and facilitated the first application of long transects for 
seabed surveys in the challenging conditions imposed by 
the Agulhas Current. 

Results 

ROV technology has been used to study coelacanths, 
fishes, marine invertebrates and marine ecosystems in 
South Africa. More than 15 student projects have been 
facilitated through visual surveys and biological collections. 
ROV footage was collected at over 220 locations in the 
30m to 250m depth range between Algoa Bay and northern 
KwaZulu-Natal from 8 different projects. Methods of 
filming varied based on the requirements of the individual 
projects, however all collected high definition video and 
high resolution photo quadrats of the benthic environment. 
Close-up photographs of dominant fauna were taken as 
well as photo quadrats and seascape photographs. This 
allowed for morphotype scale classification of dominant 
fauna which were used to support the classification, 
mapping and assessment of marine ecosystem types in 
South Africa. The foundational information gathered was 
applied in the National Biodiversity Assessment which 
included the description and imagery of several ecosystem 
types that were sampled for the first time. The Visual 
seabed surveys were also applied in the identification and 
mapping of potential Vulnerable Marine Ecosystems. The 
ecosystem classification work and identification of sensitive 
ecosystem types supported the development of twenty 
new Marine Protected Areas for South Africa as supported 
by the South African Cabinet in 2018.  The photographs and 
video were used to showcase this work to decision makers 
including the South African Cabinet and were a key element 
in a positive communication campaign aimed at supporting 
Protected Area expansion. Over the past nine years, there 
have been challenges that have been overcome and others 
that still require work. On the technical side, the greatest 
challenge was learning to operate in the strong Agulhas 
current. The use of a 150kg clump-weight system designed 
to reduce the effects of drag on the umbilical allowed for 
operation in currents up to 2.5 knots, however this requires 
sound communication and quick responses between ROV, 
vessel and deck teams, especially in steep areas. On the 
data analysis side, the biggest challenge has been estimating 
area coverage of transects and quadrats. Although, the 
ROV has laser scaling,  analysis is time consuming and 
needs calibrated computer software to support area 
estimates. While close-up photographs have been useful 
for morphotype scale classification of fauna, collections 
have proven extremely useful and are being used in the 
identification and description of sponges in Algoa Bay. With 
the use of the ROV manipulator arm, individual specimens 
can be collected, however, there is currently no way of 
storing and bringing up a number of samples at a time. This 
makes collections slow, especially when operating in deep 
water. This is an area requiring further innovation. 

Conclusion 

The Investment in the ACEP ROV has been worthwhile 
in facilitating descriptive and applied research that has 
supported management and decision making in South 
Africa. Increasing the depth range of this technology is 
needed to address priority research questions in deeper 
water (300-600m) ecosystems such as the shelf edge, 
where there are many cumulative pressures associated 
with the economic growth of the country.
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Background 

Seagrass meadows are highly productive ecosystems, with 
great ecological and economic importance. Despite this 
known importance, there has been a significant reduction 
in the area of these ecosystems worldwide and their 
valuation is still poorly understood, lacking, especially 
in African regions, studies that express the economic 
and monetary value of seagrass services to the society 
in general. The study area has five species of seagrass, 
namely Halodule uninervis, Halophila ovalis, Thalassia 
hemprichii,  Thalassodendron cilliatum and Zostera capensis 
in abundance; these cover extensive areas where the 
collection of invertebrates is carried out during the low 
tide.The present study describes the ecosystem services 
of seagrass in the region, the commercially important 
invertebrate species, and the summarized description of 
the value chain of these resources. 

Methods 

Participant observation, individual interviews and focus 
group discussions were used methods in the area. Almost 
50 people were interviewed among collectors, dealers 
and restaurants account for a period of six weeks. A 
study of the market prices of the resources and how 
they vary between the components of the chain was also 
carried out. 

Results 

According to the interviews with local harvesters and 
sellers, seagrasses meadows are important for the family 
subsistence because they are shelter for invertebrates 
and fish that are harvested and commercialized in the 
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area. They also benefit from seagrasses meadow for 
cultural and traditional habits, since seagrass zones serve 
as altar for the traditional ceremonies named “Ku palha.” 
The diversity of invertebrates collected in the area 
comprehended five species of bivalves, Solen cylindraceus, 
Atrina sp, Barbatia decussate, Eumarcia perpecula and 
Dossinia hepatica, two gastropods, Volema pyrum and 
Murex brevispina and one crustacean, the crab Portunus 
pelagicus. Solen cylindraceus,  V. pyrum, M. brevispina and 
P.  pelagicus are currently the seagrass invertebrate 
resources of higher commercial importance in the area, 
where 70% of what is captured is commercialized. The 
average catch per day is 5 to 10 kg per harvester, and 
the daily average is 70 harvesters during the low tide 
weeks. The rest os the species are captured in very 
low quantities (less than 1 kg per harvester), and used 
for domestic consumption. The value chain of these 
resources involves four stakeholders, namely: harvesters 
(93% are women, and also children and young men are 
usually crab harvesters); merchants (sellers), where 
the majority are also women and 65% conduct this 
activity informally, at home and informal markets; small 
restaurants, found near the collection area at Bairro dos 
Pescadores; and consumers, that can be local consumers 
or consumers from other urban centers. Market price 
can vary throughout the chain, depending on the seller, 
place of sale and use or not of processing. Lower 
prices are found at harvesters (0.32 dollar per kg – for 
the bivalve and gastropods; 0.81 dollar per kg for the 
crab), up to 100% whey they are found at the sellers 
(0.65 dollar per kg- for the bivalve and gastropods; 1.62 
dollar per kg for the crab) and almost 1000% at small 
restaurants (3.24 – 4.85 dollar per kg for all). The profits 
made by this community serve to meet their basic daily 
needs, however, it is not enough, and they need extra 
activities to increase de income. 

Conclusion 

Seagrass meadows in Bairro dos Pescadores are an 
important part of local communities’ economy, through 
the exploitation of the invertebrate resources that 
depend on them. Knowing this importance in a more 
specific way, we obtain bases to support the need 
for direct intervention to promote the exploration 
sustainability and ecosystem conservation, as the parallel 
realization for seagrass restoration programs.
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Coastal forest products have a long history of use in 
many parts of the world and they continue to be hugely 
important resource for wider populations. Most of these 
forests extended outside official Protected Areas, hence 
falls in “free for all” jurisdiction. They have often been 
neglected in forest management plans and a result of their 
poor management nearly all nine species are at risk of 
overexploitation. In the Kenyan coast, particular Wasini, 
South Coast has been a particularly important forest 
product and as a result of a long history of economic 
importance. Mangroves are chopped down to provide 
timber for building, fencing, fuel and charcoal; Current 
regulations for the conservation of Mangroves have had 
little effect at taking harvest stress off of local populations 
and as a result plant stocks continue to fall. One method 
that has been offered as a means to restore and conserve 
this semi terrestrial plant family is known as active 
rehabilitation, which encourages plantings of nursery raised 
seedlings/Propagules on as a means to restock and increase 
the amount of harvestable timber/Poles/Firewood and 
subsequently take pressure off of native stocks. In order 
to assess the returns of this type of conservation method, 
I have created a situation in which the locals participate in 
Monitoring and management of these natural resource. I 
still believe, there is a need for further engagement of the 
locals in effective conservation of marine resource and 
encouragement of others communities to do the same in 
their Areas in a collaborative approach. 

Keywords: Mangrove, conservation, community 
awareness, natural resource management, Kenya
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In showing that human interference and natural factors 
like extreme wind and sea level rise have pronounce 
impacts on coastal areas by causing submergence of 
low-lying areas and loss of wetlands/salt marshes as well 
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as erosion of unconsolidated materials, particularly sandy 
beaches. It is an underlying force of shoreline changes which 
including land ward retreat that contributing change of the 
ecological, socio economic and cultural lives of the coastal 
dwellers to be in a tragedic situation. For small islands 
being present of beaches act as a shoreline or coast in 
certain zone worth much in system driving and protection 
of property behind it, conversely when a particular system 
on the beach ecology is destructed or overused, exploited 
and wasted will also reduce or create failure to another 
function/system, protection from hazards, socioeconomic 
and for entertainment as well. It is worth and valuable 
because, the sustainable development in Small Islands 
Developing States (SIDS) of Western Indian Ocean (WIO) 
depends on coastal and marine resources in which, tourism 
as among the main economic source of development 
which now has become the fastest growing sector in the 
world with more than 40 million people. In particular, 5 
to 6 of WIO SIDS out of 9 analyzed in this paper, tourism 
sectors play a great role of substantial contribution in GDP, 
employment, capital investment and exports in the region 
through high tourism beach value. The value that someone 
can directly benefited by earning from that beach, supports 
other indirect benefits or only benefited by feeling proud 
due to the existence of that beach or coast to make 
these people happy though most they are in poverty 
situation. In 7 SIDS out of 13 of WIO region (Mauritius, 
Seychelles, Mayotte, Maldives, Reunion, Comoro and 
Zanzibar) expected to have population about more than 
5.3 million in this 2019 which is equal to approximately 
0.067% of total world population share, in estimated area 
of 10, 317km2 from the highest Reunion (3,071m) to the 
lowest Maldives (5m) peak above sea level. Despite having 
high population density most of these Islands depends 
on natural resources along the cost. Recently there are 
13 identified as Small Island States; Seychelles, Mauritius, 
Rodriguez, Reunion, Gan, Diego-Gasia, Kerguelen, Crozet, St 
Paul and Mayotte, Zanzibar, Maldives and Comoro are also 
LDCs. This paper present the result of comparative study 
analysis on the distribution, rate, trend and management 
of coastal beach erosion papers, articles and journals in 
SIDS of WIO and Geographical Information System and 
Remote Sensing modeling specifically with ground truth 
observation in Zanzibar. An analysis of beach erosion 
has resulted in the creation of many committees, call for 
meetings and conferences, as part of management systems 
on extreme coastal or beach erosion at highest level of 
beach recession or coast in concern. Erosion is where the 
recession normal change -0.5m/yr to extreme -5m/yr, of 
course SIDS of WIO should be regarded as extreme beach 
erosion classification type, based on the 7 reviewed states, 
5 states (Zanzibar, Maldives, Mauritius, Seychelles, Reunion 
and Mayotte) experienced erosion, an intense to extreme 
erosion experienced since the end of 1800s and early of 
1900s in some states where the average rate of erosion is 
between -0.2m to up to -40m/yr until 2014 to up to 2018, 
the status is getting even worse where most of abundant 
beaches associated with high erosive rate. The analysis 
indicate that, beach hard structural coastal defense, directly 
impacting the behavior of low lying dune characterized 
beaches and its ecological, cultural and socioeconomic 

associated with. Further, the analysis reflects that, although 
there is recent management efforts, islands and especially 
SIDS of WIO are very difficult and complex to mange in 
some reasons; most of these states have poor economy 
which depends on coast, marine services and products. 
They are too difficult especially hard structural engineering 
infrastructures in a situation of complex dynamic shoreline 
that need a lot of studies in geological, morphological setting 
and hydrodynamic systems, which is quite difficult due to 
lack of proper and reliable long term data. Thus, because 
management of assets like beaches is very important for 
tourism development and other particular environmental, 
socio and cultural values as mentioned before, it has been 
seen that many of the development planning does not 
consider existing coastal hazards. By searching the solution 
towards the management from policy to socio and cultural 
practices, it becomes evident that, most of these coastal 
dwellers of SIDS in WIO are fighting independently in 
their respective states rather than coordinating between 
stakeholders in which their practice is quite disorganized 
and unreliable, resulting a problem to be even worse 
rather than solving which referred by the author as the 
tragedy. Hard structures like sea walls and groins have been 
constructed around the sandy beaches shoreline especially 
in tourist zones with many places showing unsuccessful. 
The hard engineering structures reduces attractive and 
natural scenic of these islands, by leaving many debris and 
stone boulder which making the beaches rough, dirty and 
dangerous even to walk perfectly which also cause some 
investors to escape and abandon their investments. It has 
also found that hard structures for beach management 
are costly and neither for mitigation nor for solving the 
problem of beach erosion but they rather protect the land 
and properties behind and reduces the beautiful scenery 
of the beach within its nature. However soft management 
practices like beach nourishment need long term study 
as well as too much cost and repetitive. Other soft 
management techniques solutions like planting vegetation 
taking long time to establish, policy and regulations are 
quite practiced by force rather than willingness by the 
society of these sates. The author modeling and analysis 
sees that, best way to tackle this tragedy is use integrated 
method systems in every specific aspect of specific location 
by involving different stakeholders in a proper mitigation 
and adaptation measure for beach erosion with small cost, 
while restoring traditional, natural and local protection 
behaviors based on the long interacting coastal zones 
systems learning behavior. Thus the rate and scale data 
source of both problems, is important to use GIS and RS for 
monitoring and analysis of coastal change and vulnerability 
of dynamic status of the beach due to natural causes like 
SLR and extreme wind changes monthly and annually, the 
encroachers, good and bad tourism investment behaviors, 
illegal sand mining, vegetation clearing and alike in a timely 
evidence. By continuous monitoring of the threatened 
location of coastline and integrated stakeholders 
involvement is the best source of rate and trends data for 
beach management that could be a better framework to 
manage WIO SIDS tragedy of Erosion in Coastal Beaches. 
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Distribution, abundance and composition of the 
zooplankton community in relation to small pelagic 
fish production in Sahare and Vyeru, Tanga, Tanzania 

SALOME SHAYO1, BARAKA SEKADENDE1, 
SHIGALLA MAHONGO1AND CHARLES LUGOMELA 

Zooplankton have a crucial role in marine ecosystem 
functioning by supporting fish population as one of 
their main food, especially small pelagic fishes. A study 
was conducted to examine the temporal and spatial 
distribution, abundance and composition of zooplankton 
communities in relation to environmental parameters 
and small pelagic catches off two PEACC Project sites at 
Sahare and Vyeru in Tanga Tanzania. Four field zooplankton 
sampling trips were conducted once in each monsoon 
season - Southeast (SE) and Northeast (NE) Monsoons 
and two surveys during the interchanging monsoons 
of March/Apr and Oct/ Nov, respectively. Sampling was 
carried out along a 20-km transects at intervals of 2km, 
making a total of 10 sampling points per transect. At 
each station, two types of samples were taken, one for 
quantitative and another for qualitative analysis using 
a zooplankton net (mesh-size 100 µm, mouth-opening 
0.25 m2), along with CTD casts. Results revealed that 
there were a clear seasonality on the zooplankton 
composition and abundance during the study period. 
During the SE moonson zooplankton abundance was 
higher, composed mainly by copepods about 70% (Calanus 
and ParaCalanus spp.) and cyclopoids 25% (Oithona and 
Oncaea spp) as compared to NE moonsoon. This period 
concide with rain season enhancing nutrient enrichment 
and high plankton productivity in near shore coastal 
waters. Higher abundance of zooplankton during NE 
monsoon as compared to SE monsoon, conciding with 
higher fish catches. There was no significant variation of 
zooplankton abundance and composition between the 
two study sites (P>0.05). During the transition periods 
June/July the species diversity was higher compared to 
monsson periods.

Keywords; zooplankton community structure, fish 
catches, seasonality, Pemba channel; Tanzania 

POSTER

Assessment of genetic diversity and population 
structure of goldstripe sardinella, sardinella gibbosa 
in the transboundary area of Kenya and Tanzania 
using microsatellites and cytochrome oxidase 

SAMMY KIBOR1, FILIP HUYGHE2, MARC KOCHZIUS2 
AND JAMES KAIRO1 

1Kenya Marine and Fisheries Research Institute, P.O Box 
18 Msabweni, Kenya 

2Marine Biology, Vrije Universiteit Brussel (VUB), 1050 
Brussels, Belgium 

Goldstripe Sardinella, Sardinella gibbosa, (Bleeker, 1849) is 
a commercially and ecologically important small pelagic 
fish common in the Western Indian Ocean region. 
The present study aimed to assess genetic diversity 
and population structure of the species in the Kenya-
Tanzania transboundary area using mtDNA and msDNA 
markers. Some 630 bp sequence in the mitochondrial 
DNA (mtDNA) Cytochrome C Oxidase I (COI) and 
five polymorphic microsatellite DNA loci were analyzed. 
Fin clips of 309 individuals from eight locations within 
the transboundary area were collected between July 
and December 2018. The S. gibbosa individuals from the 
different locations were distinguishable from one another 
based on the mtDNA variation, as demonstrated with a 
neighbor-joining tree and minimum spanning network 
analysis. None of the identified 22 haplotypes were 
shared between Kenya and Tanzania. Gene diversity per 
locus was relatively high (0.271-0.751), highest Fis was 
0.391. The structure analysis, discriminant analysis of 
Principal component (DAPC) and the pair-wise (FST = 
0.136 P<0.001) values after Bonferroni correction using 
five microsatellite loci provided clear <inference on 
genetic differentiation and thus evidence of population 
structure of S. gibbosa along the Kenya-Tanzania coast. 
This study shows high level of genetic diversity and the 
presence of population structure (Φst =0.078 P<0.001) 
resulting to the existence of four populations giving clear 
indication of minimum gene flow among the population. 
This information has application in the designing of 
marine protected areas, an important tool for marine 
conservation. 

Keywords: Population genetics, microsatellites, 
mtDNA, marine connectivity, transboundary, Kenya, 
Tanzania.
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Background 

Microorganisms are thought to be critical in marine 
ecosystem processes. Characterizing their ecological 
niches is critical in clarifying their precise roles and the 
environmental conditions they respond to. Western Indian 
Ocean is understudied with reference to microbiome 
analysis due to the region’s inadequate appreciation 
of molecular biology application in addressing marine 
challenges and the lack of technological capacity. 
Hitherto marine microbiology studies have been largely 
culture-dependent - approaches that detect less than 
0.1% of microorganisms. Recent advances in sequencing 
technology and bioinformatics analysis offer more 
efficient approaches of studying microbial ecology. 
Metabarcoding studies have shown that coral-
associated bacteria are host-specific and differ from 
those dominating the surrounding reef water. Also, 
metagenomics studies have shown that marine macro-
organisms may influence microbe composition in the 
surrounding water creating “aura-microbiomes” specific 
for each organism and different from communities off 
the reef. A comprehensive inventory of microorganisms 
is, therefore, necessary for a holistic understanding of 
marine biodiversity. 

Methods 

Environmental DNA was isolated from water and 
sediment samples collected within the coral reef and 
the sub-littoral area at Kuruwitu conservancy, a locally 
managed marine area on the Kenyan Indian Ocean. The 
V2-4-8 variable regions of 16S ribosomal RNA gene 
were amplified by PCR then sequenced by Ion Torrent 
technology to characterize microbial communities 
in the environmental DNA samples. Sequence reads 

were filtered to remove low quality and polyclonal 
sequences. Retained sequences were exported in 
fasta files and processed using QIIME bioinformatics 
pipeline. Operational Taxonomic Units (OTUs) were 
defined at ≥ 97% sequence homology using the open 
reference picking pipeline and taxonomy assignment 
workflow of QIIME and the Greengenes database. 
Statistical analysis and visualization of the taxonomic 
information was done in Calypso. 

Results 

A total of 211,640 high-quality reads were generated 
from the amplicon sequence and clustered using 
>97% sequence identity into 605 microbial OTUs. 
Filtering out OTUs with less than one percent relative 
abundance across all samples resulted in 571 OTUs. A 
rarefaction analysis for the identified OTUs verified that 
all samples had been sequenced to sufficient depth to 
capture representative microbial diversity. Members of 
the Proteobacteria phylum comprised over 60% of the 
population composition in all samples. Notably, phyla 
Caldithrix and Acidobacteria were observed on sediment 
but not water samples. By alpha diversity metrics 
of richness and evenness, water samples had higher 
diversity than sediment samples regardless of the zone 
sampled. Principal coordinates analysis (PCoA) based on 
Bray-Curtis distance metric of OTUs, revealed clustering 
between coral reef and sub-littoral water samples, but 
not sediment samples. 

Conclusion 

The dominance of Proteobacteria members – the phylum 
of gram-negative bacterial pathogen such as Escherichia, 
Salmonella, Vibrio and others – suggests inability of 
marine protection in mitigating human-source pollution. 
But if this observation is due to the ocean and human 
gut microbiomes being similar, as one study suggests, it 
calls for rethinking the faecal indicators used for marine 
pollution. The clustering of coral reef and sub-littoral 
water microbiomes may be explained by tidal mixing 
of water in these zones, a phenomenon that’s less 
dynamic with sediments between the two zones. These 
results point to the potential richness of WIO regarding 
microbial biodiversity.
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Background

Mangroves play a vital role in the achievement of 
multiple goals of global sustainable development (SDG’s), 
particularly SDG 13 (climate action) and SDG 14 (life 
under water). Their management, however, is faced 
with several shortcomings arising from inadequate 
knowledge on true values of the ecosystem, hence a 
need to map mangrove goods and services within SDGs 
while interrogating the disintegrated community values. 
This study therefore aimed at exploring the parities 
and disparities in mangrove ecosystem service (ES) 
values among community members from different social 
standings within Vanga and the link of the ESs to specific 
SDG targets. 

Study approach and methodology 

The study was based at the Kenya-Tanzania transboundary 
area in Vanga; where a carbon-offset project involving 
mangroves is being up scaled. Mixed methods approach 
employing surveys, focus group discussions (FGDs) and 
reviews of secondary data was used in the study. A two 
stage cluster samplings was used to select the study 
population and the sample size. FGDs were conducted 
purposively selecting active participants in mangrove 
related activities with distinct socio-demographic 
characteristics. A total of 215 respondents comprising 
male and female of different occupations and age 
groups (youths and elderly) were sampled for the study. 
Secondary data review was used to identify specific SDG 
targets against which mangrove ecosystem services 
identified through a value chain analysis were mapped.

Result 

From the study, 25 ecosystem services were identified 
and categorized under supporting, cultural and aesthetic, 
provisioning and regulating services. Results from 
the study show that, 85% of the respondents value 
provisioning services including tangible goods such as 
timber and fuel wood. 7.3% value supporting services 
such as fish nursery grounds while 4.8% value regulating 
services including shoreline protection and 2.9% value 
cultural and aesthetic services. Values for specific ESs 
however varied with age, gender, level of income and 
level of education; women value fuel wood and shoreline 
protection while men value timber products and fish 
nursery support. Among the elderly, cultural services 
like shrines and indigenous medicine extraction were of 
value unlike the youths who mainly value mangroves as a 
source of income. Low income earners in the community 
interact more with the forest for extractable goods while 
the high income earners depend on ready products like 
timber. Among the elite, non-extractible services like 
climate change regulation are of value as compared to 
the less educated who mostly perceived of mangroves 
as a direct source of livelihood and revenue generation. 

The youths, low income earners, women and those with 
low education levels were also identified as the primary 
beneficiaries of mangrove ecosystem services in Vanga. 
The study also found that of the 17 SDGs, mangroves 
have a potential of influencing the achievement 11, 
including, SDGs 1, 2, 3, 4, 6, 8 10, 12, 13, 14 and 17. 

Conclusion 

Ecosystem service values differ socio-demographically 
making management very challenging. For greater returns 
on conservation initiatives, it is therefore important to 
consider the place of youths whose livelihood primarily 
depend on mangroves, the women who extract forest 
product including fuelwood and invertebrates on a daily 
basis, the low income earners whose daily subsistence 
come from the mangroves and the less educated who 
consider themselves ‘suited to walk in the muddy 
mangrove forests for goods extraction and conservation 
exercises’. These groups are not only the primary 
dependents of mangrove ESs but also a central focus 
of sustainable development goals. Their sensitization 
and empowerment therefore means enhancement 
of sustainable ecosystem service use whilst striding 
towards achievement of several SDGs as in the case 
of the payment for ecosystem service scheme (Mikoko 
Pamoja Project) in Gazi Bay, Kenya. Keywords: Sustainable 
development; Community values; Socio-demographics; 
Mangrove ecosystem services; Vanga
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Recent climate change models predict that we are facing 
a thinning of the ozone layer at subtropical-tropical 
latitudes. This is alarming since ultraviolet radiation (UV) 
exposure is already high in the tropics and little is known 
about the potential for adaptation to changing UV-
exposure in these systems. Hence, the aim of this study 
was to assess how key zooplankton respond to elevated 
UV-exposure. We quantified UV-induced mortality and 
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determined to what extent UV-protective mechanisms 
were used by the organisms to avoid UV-damage. Results 
showed that UV-exposure resulted in an overall elevated 
mortality in the order of 25% after four hours of 
exposure. Different zooplankton taxa displayed different 
mortality patterns ranging from 1-42% and 15-40% 
after two and four hours, respectively. Photo-protective 
compounds such as mycosporine-like amino acids were 
detected in several taxa but other photo-protective 
compounds such as astaxanthin were not detected. All 
taxa avoided surface waters regardless of UV or non-
UV treatment but tended to display a higher avoidance 
in the UV-treatment. Zooplankton are important 
secondary producers, key to sustainable fish production. 
All zooplankton taxa were sensitive to UV-exposure 
but horizontal migration as well as photoprotective 
compounds such as mycosporine-like amino acids likely 
reduce the negative effects of the radiation. 
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Local anthropogenic stress management, coral reef 
degradation and climate change 
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Coral reefs are one of the most diverse and productive 
ecosystems on the planet. Coral reefs are not only 
important for fisheries, tourism and coastal protection, 
but also have high aesthetic and spiritual value. However, 
coral reefs and their associated resources are under 
increasing stress from global direct and indirect 
local disturbances and climate change as well. Such 
disturbances interfere with net carbonate growth and 
push coral reefs into states of degradation, more so in 
shallow nearshore coral reef areas. Specifically, enhanced 
delivery of anthropogenic sediments and nutrients 
represents a well-recognized threat to nearshore coral 
reef communities globally. Further, predicted changes 
ocean chemistry and temperature will likely interact 
with local stress factors to compromise reef framework 
integrity. Compromised coral reef framework structure 
and integrity could adversely impact coral reef function 
with severe consequences on biodiversity, resistance, 
resilience and recovery of coral reefs following major 
disturbances. This will have significant ramifications on 
coral reef productivity, ecological services as well as the 
livelihoods of coastal communities that depend on reefs 
for their sustenance Here we highlight on the impacts of 
two stressors of terrestrial origin on coral framework 
degradation by microbioeroding organisms and their 
potential interactive impacts with other bioeroding 
organisms and river discharge in light of predicted global 
climate change (ocean warming and acidification).
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Corals are among the fauna that is most vulnerable 
to the effects of global ocean warming since they can 
tolerate only a narrow thermal range. Additional to 
thermal stress, they are also susceptible to acidification, 
pollution, storms and diseases. Corals often respond to 
stressors by expelling their symbiotic zooxanthellae, a 
phenomenon known as coral bleaching. In the last few 
decades coral reef cover has decreased sharply owing 
to global bleaching events which have occurred at least 
three times since 1998.  A causal link has been established 
between elevated sea temperature and coral bleaching 
and given the IPCC’s longterm predictions of an increase 
in average sea temperature of 1 – 2°C by the end of the 
century, it is expected that more coral bleaching events 
will occur. Despite this, intertidal coral assemblages have 
been found to tolerate high temperatures for short 
periods of time. However, the mechanisms behind this 
tolerance to thermal stress are still not fully understood. 
Therefore, this study investigated the thermal tolerance 
of two common coral species: Pocillopora verrucosa 
(branching coral) and Anomastraea irregularis (mounding 
coral) from the subtidal and intertidal zones in Park Rynie, 
on the east coast of South Africa. Four temperature 
treatments were chosen for the experimental set-
up: 26°C (ambient temperature in the field, thus the 
control), 29°C (ambient + 3°C), 32°C (ambient + 6°C, 
mean summer extreme) and fluctuating temperature 
(beginning at 26°C and gradually increased to 32°C, 
then back to 26°C to mimic natural daily fluctuations 
in days of extreme warming).  A total of 240 nubbins 
were cut and exposed to elevated temperatures in 
aquarium tanks. Chlorophyll a concentrations and 
zooxanthellae densities were used to quantify bleaching. 
Lipid content was measured to investigate the reliance 
of corals on energy reserves to supplement lost energy 
to thermal stress. Furthermore, symbiont DNA was 
extracted to examine if zooxanthellae clades differed in 
the two habitats and species prior to and post thermal 
exposure. Corals showed different bleaching limits, with 
P. verrucosa showing less resistance to bleaching than A. 
irregularis, typically expelling more of its zooxanthellae as 
temperatures increase as shown by lower chlorophyll 
a concentration and zooxanthellae density regardless of 
habitat of origin, supporting the hypothesis that faster 
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growing corals such as Pocillopora are usually more 
susceptible to bleaching. ANOVA showed subtidal 
corals tended to bleach faster than intertidal corals. The 
interaction effect between temperature and species was 
statistically significant, possibly indicating that the superior 
ability of Anomastraea to cope with heat stress comes 
from an ability to access stored energy reserves such 
as lipids. Interestingly, the genetic type of zooxanthellae 
did not differ between habitats and temperature 
treatments in this study and were dominated by strains 
of Symbiodinnium C. This study confirms that exposure to 
extreme temperature fluctuations can enhance bleaching 
resistance even without undergoing substantial changes 
to the symbiont genotype as shown by intertidal corals. 
The findings of the study shed light into the roles of 
acclimation and adaptation ability of corals to survive in 
adverse conditions which will assist in predicting future 
population trajectories and plan conservation strategies.

ORAL - Tuesday, G5, 1120

Influence of darkness on pigments of Tetraselmis 
indica (Chlorodendrophyceae, Chlorophyta) 
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Background 

Light is a fundamental source of energy and its absence 
can trigger several biochemical and physiological response 
in phytoplankton. Pigment composition and chlorophyll 
autofluorescence signatures are useful biomarkers to 
decipher cells physiological state and adaptive response 
to the changing environmental conditions. In the natural 
environment, phytoplankton experiences variation 
in light intensity due to diurnal, seasonal and water 
column mixing. If they are trapped in the aphotic zone, 
they should come to the surface before species-specific 
survival time. In order to study the influence of darkness 
on cellular pigments and chlorophyll autofluorescence, a 
laboratory experiment was carried out with Tetraselmis 
indica as a model organism. 

Methods 

Tetraselmis indica grown in f/2 media was subjected to 
two different conditions.  One set was subjected to 
12:12 light:dark condition whereas the other set was 
subjected to complete darkness for a period of 6 months. 
The growth potential of dark-adapted cells was tested 
regularly by transferring it to initial light conditions. The 
separation and quantification of pigments were done 
with high-performance liquid chromatography (HPLC, 
Agilent Technologies, 1200 series). The cell abundance 
and chlorophyll autofluorescence were enumerated on 
FACS Verse (BD- Bioscience) flow cytometer. 

Results 

HPLC enabled separation of seven pigments in T. indica, 
namely, neoxanthin, violaxanthin, antheraxanthin, ß- 
carotene, chlorophyll a, and chlorophyll b. Dark exposure 
of 6 months had no significant impact on chlorophyll a 
and b concentration, whereas carotenoids were enhanced. 
Upon re-illumination, pigments gradually recovered to pre-
dark phase condition.  These adaptive survival strategies 
of T. indica by altering pigment concentration in response 
to prolonged darkness was interesting. In addition, the 
absence of loroxanthin and loroxanthin esters in T. indica 
is reported for the first time in Tetraselmis species studied 
so far. The evaluation of autofluorescence and cellular 
chlorophyll concentration pointed out that they are not 
interdependent in this species. 
Conclusion 

The results of this work reveal the significant role of 
pigments in the survival of T. indica under prolonged 
dark condition. In addition, our results also bring to light 
the different behaviour of chlorophyll autofluorescence 
under different conditions. Hence, careful consideration 
of these two factors is needed when either of them is used 
as a proxy for others. The results obtained encourage 
a thorough study of pigment analysis, especially when 
subjected to darkness, to elucidate potential role in the 
evolution, chemotaxonomy, and survivability of species. 

Keywords: Tetraselmis indica, green algae, survival, 
pigments, loroxanthin, chlorophyll autofluorescence 
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Background 

Phytoplankton naturally experiences darkness varying 
from hours to years as a result of diurnal cycles, burial 
in sediments, deep ocean mixing, and polar winter. 
Tetraselmis species, a deep diverging lineage of core 
Chlorophyta, is known to form a bloom in the marine 
environment. However, the exact cause of the formation 
and collapse of this bloom is unknown. After a bloom 
collapses into the aphotic zone, cell death may occur if not 
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upwelled before a species-specific survival time. Hence, 
the strategies of withstanding darkness can determine the 
survival and competitive success of species. Even though 
Tetraselmis species are known to survive in darkness, 
the physiological processes regulating its adaptation to 
prolonged darkness has not been attempted. In order 
to address this problem, a laboratory experiment was 
carried out with Tetraselmis indica as a model organism. 

Methods 

Exponentially growing Tetraselmis indica maintained in 
f/2-Si media was subjected to two different conditions. 
One set was maintained under 12:12 light:dark 
condition whereas the other set was subjected to 
complete darkness for a period of 6 months. The growth 
potential of dark-adapted cells was tested regularly by 
transferring it to initial light conditions (12:12 light:dark). 
The morphological changes were observed using an 
Olympus BX 53 light microscope at 1000× magnification 
and analysed by Q-Capture Pro7 cell imaging software. 
The cell abundance was enumerated using a FACS Verse 
flow cytometer (BD BioscienceUS). The metabolic 
activity and neutral lipids were assessed using fluorescein 
diacetate and Nile Red, respectively. For dissolved organic 
carbon (DOC) analysis, high-temperature combustion 
oxidation method (680°C) on a TOC–L carbon analyser 
(Shimadzu, Japan) was employed. The particulate organic 
carbon (POC) and particulate organic nitrogen (PON) 
were analysed using an elemental analyser (Flash EA; 
Thermo) whereas carbohydrates were determined 
spectrophotometrically. 

Results 

In the dark condition, no growth in terms of cell 
abundance was observed except for day 1. However, in 
the 12:12 light:dark condition, T. indica followed a typical 
sigmoid growth curve. The occurrence of thick-walled 
cells (type 1) and thin-walled cells with the condensed 
chloroplast (type 2) in light-dark and dark conditions 
respectively indicated differential resting cell formation. 
The DOC remained nearly constant throughout the dark 
period signifying T. indica did not favour heterotrophy. 
The metabolic activity was reduced in the darkness 
whereas in the light:dark condition it increased till the 
stationary phase. The biochemical composition (neutral 
lipids, carbohydrates, POC, and PON) also varied 
significantly in both conditions. Upon re-illumination of 
dark-adapted cells, the lag phase lengthened from 2 to 28 
days when darkness period increased from 8 to 182 days, 
respectively. However, this negative influence on growth 
was compensated by an increase in growth rate from 
0.35 to 0.95 d−1. 

Conclusion 

Our work suggests that T. indica can survive a darkness 
period of 6 months and revive on reillumination. Possibly, 
the long dark survival was facilitated by the (i) reduction 

in catabolic activity and (ii) distinct resting cell formation. 
These darkness survival strategies of a common green 
alga, a lineage known to include essentially strict 
autotrophs, confirms its flexible physiology to adapt 
to adverse conditions. Thus, the dark adaptability of 
this ‘hidden flora’ points towards their ecological role 
in nature. This resurgence capability of T. indica after 6 
months of dark exposure and distinctive resting cell 
formation indicate a differential population sustenance 
mechanism. 

Keywords: Tetraselmis indica; growth; metabolic activity; 
resting cell 
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Ghost nets are non-selective fishing gear abandoned 
or lost by the fishermen in the sea and or in the sea. 
Ghost nets are damaging to marine systems, since they 
capture, harm and/or kill marine and coastal species 
indiscriminately, including species of no commercial 
value, vulnerable and endangered. The objective of this 
study was to assess the impact of the Ghost nets in 
the mangroves of Costa do Sol, southern Mozambique. 
Sites of occurrence of ghost nets in the mangrove of 
the Costa do the Sol were mapped, and the nets were 
measured (mesh size and size of the net); .  Animal species 
found in the nets were also identified and quantified. . 
Twenty fishermen from Costa do Sol were interviewed 
to assess their awareness on issues related to ghost 
nets. We collected 487 GPS points representing sites 
of occurrence of ghost nets, and found 316 individuals 
identified of different taxonomic groups, including 
Osteichthyes, Crustacea, Gastropoda, and Bivalvia. In 
the Gastropods class, two (2) families were identified as 
Vaticidae and Potamididae. Of the individuals identified 
in this class, (4) belong to the family Potamididae in the 
species Terebralia palustrise the family Vaticidae with (1) 
individual to African Nodilittorina Africana. Nylon nets 
were mapped on the mangrove of the Costa do Sol beach, 
with different lengths and mesh sizes ranging from (1 to 
5 inches).  The 2.5-inch mesh was the most represented 
(173 nets). According to the fisherman, fishnets are 
disposed in the house (65%) deposit the, on the beach 
(20%), in the sea (10%) and in the mangroves (5%); (70%) 
leaves in the sea, while (30%) dives and strips. Most of 
the fishermen aknowledge seeing animals trapped in 
ghost nets in the sea(60%), and (25%) observed them in 
mangrove while (15%) of those surveyed never observed 
trapped animals in a reduced number (30%).  and (70%) of 
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the fishermen know nothing about ghost nets. The beach 
of the Costa del Sol has a lot of garbage from the sea 
and probably from the maintenance of the nets by the 
fishermen, the sinners of the Beach of the Costa do Sol 
has no knowledge about treatment of the hammocks by 
leaving flaps on the beach and in the mangrove; So with 
this work it is hoped that it is of Law help to acquaint 
fishermen about ghost nets.
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Background 

Prawns are commercially one of the most important 
marine resources. Prawn fishery play an important role 
as it enhances the economy of the coastal people through 
food security and income generation. These species have 
been facing a number of challenges due to changes in 
physico-chemical marine environments leading to low 
production. The study was conducted to investigate the 
interactive effects of temperature and salinity on egg 
incubation time, hatching success, larval and postlarval 
growth and survival of the giant tiger prawn, Penaeus 
monodon in coastal waters of Tanzania of Western Indian 
Ocean. During their development prawns pass through 
various stages. Their early developmental stages are 
specifically delicate and vulnerable to physico-chemical 
environmental changes that may be resulted from the 
climate change and variability. Salinity and temperature 
are two of the most important aquatic environmental 
factors that affect incubation time, hatching rate, hatching 
time of eggs, larval and postlarval survival rate and growth 
prawns. Little information exists on the optimal salinity 
and temperature for egg incubation time, hatching success, 
survival and growth of different larvae and postlarvae 
stages of the giant tiger prawn P. monodon obtained from 
coastal waters of Tanzania, hence the need for this study. 

Methods 

The adult females Penaeus monodon collected offshore 
of Rufiji delta were allowed to acclimatize at 28.5±0.5oC 
and 32 ppt in the hatchery. The individual prawns were 
put into maturation tanks of 8000 litres capacity and then 
transferred to spawning tanks of 500 litres. Spawned eggs 
were collected using 1µm mesh size sieve, counted and 
incubated at temperature 27oC, 31 0C and 35oC with 
three subgroups of salinities 30 ppt, 35 ppt and 40 ppt, and 
incubation time, hatching rate, hatching time of eggs, larval 
and postlarval survival rate and growth prawns were 
assessed at different temperature-salinity combinations. 

Results 

The incubation time was longest (15.9 hours) at 
temperature 27oC and salinity 30 ppt and shortest (10.7 
hours) at temperature 35oC and 40 ppt.  Hatching rate 
was highest (85.28%) at temperature 31oC and salinity 30 
ppt and lowest (69.45%) at temperature 35oC and salinity 
of 40 ppt.  All larval stages were observed to survive better 
at temperature 31oC and salinity 30 ppt with nauplii larvae 
survival rate being 90.53%, protozoea larvae 80.01% and 
mysis larvae 77.71%. Optimal postlarvae survival was 
77.70% obtained at temperature 27oC and salinity 35 ppt 
while low survival was obtained at temperature 35oC and 
salinity 40 ppt. Maximum growth in total length of 7.89 
mm for the early developmental stages to the termination 
of experiment was obtained at temperature 31oC and 
salinity 40 ppt while minimum growth was obtained 
at temperature 27oC and salinity 30 ppt. The highest 
performance index from growth and survival data was 
14.75 obtained at temperature 31oC and 30 ppt while the 
lowest was 2.96 obtained at 35oC and salinity 40 ppt. 

Conclusion 

The marine physico-chemical environmental changes may 
affect the early development stages Penaeus monodon. 
Increase in temperature and salinity although shorten 
incubation time of. P. monodon eggs, they were seen to 
reduce hatching rate, survival and growth especially at 
the early developmental stages which are more sensitive 
to environment changes. Based on the performance 
index, the best (or optimum) rearing temperature and 
salinity of P. monodon obtained in the coastal waters of 
Tanzania, offshore of Rufiji Delta ranged from 27-31 
0C and 30-35 ppt. Increases in temperature and salinity 
above this optimum range will definitely affect prawn 
productivity within the coastal waters of Tanzania, and 
the WIO region as a whole. 
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Background 

Coral reefs support rich levels of biodiversity, but are 
globally threatened by a multitude of factors, including 
land-sourced pollutants. Coral reef communities found 
along the Maputaland coastline on the north-east coast 
of South Africa constitute the southern limit of their 
distribution in the western Indian Ocean.  Although the 
reefs are protected within the iSimangaliso Wetland Park 
World Heritage Site, and are relatively pristine, they are 
potentially subjected to anthropogenic impacts. Long-
term monitoring at Nine-mile Reef over the past 25 
years has indicated a steady decline in soft coral cover of 
almost 1% per year.  Due to their marginal geographical 
location, these communities have not been significantly 
affected by bleaching and receive negligible direct 
fluvial input. Factors contributing to the long-term 
decline in soft coral cover at this location therefore 
remain unknown. However, these reefs are located 
adjacent to an extensive coastal plain that is host to 
several large lakes and expansive wetlands, where high 
concentrations of organochlorine pesticides (OCPs) 
have recently been detected. This led the authors to 
postulate that the decrease in the cover of soft coral 
at Nine-mile Reef may be attributable to the chronic 
effects of OCP exposure via groundwater seepage from 
an adjacent coastal lake, Lake Sibaya. This study aimed 
to quantify OCP concentrations in the tissues of two 
common species of soft coral and a sponge from the 
Central and Southern Reef Complexes in Maputaland. 
We hypothesised that a contamination gradient exists, 
with concentrations decreasing from Regal Reef in the 
north, situated adjacent to Lake Sibaya, a likely source 
of the pollutants, southward to Leadsman Shoal. 

Methods 

Concentrations of organochlorine pesticides (OCPs) in 
the soft corals Sarcophyton glaucum and Sinularia gravis, 
and in the sponge Theonella swinhoei were quantified at 
five sites along the Maputaland coast, South Africa. Sites 
were specifically chosen to extend along the coast at 
regular intervals, so that gradients and point sources of 
pollutants could be detected if present. A solid phase 

extraction procedure (QuEChERS) was used to extract 
18 OCPs from the samples. The analysis was performed 
using an Agilent 7890B gas chromatograph (GC) coupled 
to a Leco Pegasus 4D GCxGC Time-of-Flight mass 
spectrometer. Quantification was performed against 
high purity (>98%) reference standards purchased 
from Dr. Ehrenstorfer GmbH (Augsburg, Germany) 
and Supelco (Bellefonte, PA). Pesticide concentrations 
were expressed as ng.g-1 wet weight (ww). Lastly, 
nitrogen isotope signatures (ẟ15N) of the holobiont 
were determined for S. gravis colonies at each site to 
assess the potential influence of groundwater discharge 
on spatial variations in OCP concentrations, using an 
elemental analyser connected to an isotope ratio mass 
spectrometer.  The primary hypothesis was tested with a 
permutational multivariate analysis of covariance, where 
distance from the hypothesised pollution source was 
included as a covariate and fitted first, before variation 
among sites and species were tested. 

Results 

Markedly high levels of a range of OCP residues were 
detected within tissues, with total concentrations (ng.g-1 
ww) ranging from 460 to 1200 (Sarcophyton glaucum), 
1100–3000 (Sinularia gravis) and 450–1500 (Theonella 
swinhoei), respectively.  A statistically significant decreasing 
gradient in total pesticide concentrations was detected 
southward from Regal Reef, opposite Lake Sibaya, the 
hypothesised source of the pollutants. Sinulari gravis 
contained significantly higher pesticide levels than both S. 
glaucum and T. swinhoei, which did not differ significantly. 
The ratio of dichlorodiphenyltrichloroethane (DDT) 
with one of its metabolites (DDE) was higher than one 
at all five sites. Significant differences in ẟ15N among sites 
were detected a priori, but post hoc tests determined that 
differences were nonsignificant. A positive relationship 
was found between total pesticide concentration and 
ẟ15N in S. gravis, although not statistically significant. 

Conclusions 

Our study found some of the highest levels of OCPs 
in coral reef organisms globally. An obvious north-south 
OCP concentration gradient was evident, which appears 
to reflect terrestrial environmental gradients and suggests 
that OCP contaminants are probably introduced via 
groundwater discharge into the coastal zone. Observed 
gradients in pesticide concentrations, DDT:DDE ratios 
and nitrogen isotope signatures all suggest coastal 
groundwater to be the likely source of the pollutants. 
Further studies are planned to determine the full scale 
and extent of the pollutants, and to assess the potential 
ecotoxicological impacts of these contaminants at the 
organismal and ecosystem level.
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The occurrence of significant amount of plastic litter 
in the marine environment has led to the emergence 
of microplastic contamination. Firstly overlooked, the 
deleterious effects of microplastics have now gained 
global recognition nonetheless the number of studies 
conducted in an ecologically pristine ecosystem as 
mangrove forests are still scarce. The present study 
was conducted in two mangrove forests of Mauritius, 
dominated by Rhizophora mucronata stands, namely 
Mahebourg which has a relatively high human settlement 
and Ferney which is uninhabited and isolated from 
anthropogenic activities. The aim of this study was to 
quantify the abundance of microplastic and classify 
them based on their size and type for a study period of 
October 2018 to December 2018.  In this study, six size 
classes with a size range greater than 0.6mm to 4.0mm 
and five microplastic types; fibre, fragment, pellet, foam 
and film, were used for the classification purpose. Each 
study area was firstly classified into three tidal inundation 
zones. Sediment samples were collected in triplicates 
(n=3) in each tidal inundation zone using a 50cm x50cm 
polyvinylchloride quadrat with a total of 9 sediment 
samples (n=9) collected in each mangrove forest. 
Microplastics were extracted from the sediment sample 
using a three step procedure, namely, density separation, 
sieving and visual sorting. Subsequently, the extracted 
microplastics were examined under a stereomicroscope, 
counted and categorized.  Microplastics were observed 
in all three tidal inundation zones with the highest overall 
amount observed in inundation zone 1 at Ferney (55%) 
and in inundation 4 at Mahebourg (53%). The latter had 
the highest total number of microplastic recorded (65%) 
during this study period. Results showed that the most 
abundant microplastic by type was plastic fragments 
(53%) and by size were those in the size range greater 
than 0.8mm to less or equal to 1.0mm (>0.8 to ≤ 1.0 
mm) and greater than 1.0 mm to less or equal to 2.0 mm 
(>1.0 to ≤ 2.0mm). The least encountered microplastics 
were plastic pellets (1%) by type and those with a size 
range greater than 0.6 mm to less or equal to 0.7mm 
(>0.6 to ≤ 0.7mm). The prevalence of microplastics in 
these mangrove forests is likely due to the accumulation 
and degradation of anthropogenic plastic debris. This 
study serves as an eye opener for future management 
strategies and monitoring to prevent microplastic 
intrusion in the marine ecosystems and to work towards 
its protection especially as a habitat that harbours 
organisms at the base of food chains. 

Keywords: Mauritius, mangrove, microplastics; 
quantification; classification 
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Background 

Microplankton are a diverse group of phyto- and 
zooplankton. Globally they have been understudied, and 
this is no exception for the Western Indian Ocean region. 
The Second International Indian Ocean Expedition (IIOE2) 
cruises provided the perfect platform from which to start 
increasing our knowledge of these abundant and variable 
organisms. Microplankton are susceptible to changes in 
the marine environment such as eutrophication, ocean 
acidification and ocean warming. Traditional methods of 
quantifying microplankton include microscopy, a time 
consuming process. Newer technologies that make use 
of automated imaging and analysis are used as they can 
provide data in a shorter time frame. 

Methodology 

Water samples were collected from CTD bottles 
during the July 2018 IIOE2 cruise for Tanzania and the 
Comoros. Samples were taken from both the surface 
and Fmax. All samples were analysed at sea using the 
FlowCam to obtain taxa data and build image libraries. 
Libraries were used to classify particles found in 
samples in broad taxon groups. 

11th WIOMSA Scientific Symposium 418



Results 

Preliminary results show that good quality image 
data can be obtained from use of the FlowCam. Both 
phytoplankton and zooplankton organisms were 
adequately imaged and enumerated. The time taken to 
obtain results from automated analyses was far less 
than traditional microscopy. Broad taxon groups can be 
distinguished using automated classifications. Differences 
in community structure were noted between the surface 
and Fmax. 

Conclusion 

The study suggests the resolution of data obtained from 
FlowCam would be useful for monitoring of marine 
microplankton. Obtaining data in a shorter time frame 
will allow for better understanding of the impacts of a 
changing environment such as ocean acidification, ocean 
warming and eutrophication on these organisms and 
may assist with management decisions. 

Keywords: Microplankton; Phytoplankton; 
Zooplankton; FlowCam; Comoros; Tanzania; 
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Marine ecosystems and humans exists as coupled social 
ecological system where the wellbeing and existence of 
each are interdependent. Marine Protected Areas (MPAs) 
are the primary tool to conserve marine systems for 
livelihoods, but their management is fraught with social 
and ecological challenges.  Many of these challenges 
relate to cross-scale interactions and trade-offs brought 
about by the radically open nature of MPAs, and the 
dynamic nature of the ocean, which may exacerbate 
scale mismatches in the application of global, national, 
and local policies. To account for scale mismatches in 
temporally and spatially variable environments, MPA 
management needs to take a systemic approach to MPAs, 
looking beyond only individual MPAs. Spatial resilience 
thinking has emerged as a theoretical lens through 
which the design and conceptualisation of MPAs can 
account for drivers at different scales as well as relevant 
variables inside and outside the system of interest, 

thus encouraging a more ecosystem-based approach 
to marine spatial management. Here we apply a spatial 
resilience lens to analyse scale mismatches related to 
national and local management policies in South Africa. 
Using a regulation-based classification system for MPAs, 
we first categorised South African MPAs according to 
their gazetted management plans and regulations to 
identify the similarities and differences at the park level. 
Next, we carried out interviews and a matrix to gain a 
deeper understanding of the alignments and mismatches 
between national policy and local scale management, with 
a focus on the ecosystem service and benefits provision. 
We identified several South African MPA types based on 
the activities allowed and zonation patterns within the 
park, ranging from notake/regulated access to weakly 
moderated extraction. Furthermore, we found that 
compartmentalisation of legislation at the national level 
lead to confusion and misalignments at the local level, 
while the legislation is sound the weaknesses appear to be 
in the application of the acts. Local level policy plans were 
better suited to the local communities’ needs, however 
issues such as lack of trust and the legacy of apartheid 
have posed challenges to these relationships. Our study 
contributes to the understanding of the connectivity of 
government and management structures. Furthermore, 
it provides insight into how cross-scale alignments and 
mismatches in policy impact on local communities and 
marine ecosystems. Thus, adding to our understanding of 
the role of spatial resilience in MPA design. 

Keywords: Marine Protected Areas, Spatial Resilience 
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Ocean dynamics on the continental shelf influence the 
nutrient supply necessary for photosynthesis, and thus a 
thorough understanding of the dynamics is imperative. In 
this study we aim at investigating the different processes 
on the southeast African shelf. The ocean dynamics on 
the shelf are highly influenced by the Agulhas current, 
but very little data exists with a general paucity of high 
resolution studies. Through the simulations of the nested 
model (NEMO coupled with PISCES), remote sensing 
products (ESA OC), observational datasets (CARS, 
WOA13 and GLORYS) and high resolution in situ data 
from 2 hydrographic surveys (January and August 2017), 
the impact of different ocean dynamics on the marine 
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biogeochemistry of the shelf was investigated. Firstly, 
based from the vorticity equation balance, we determined 
the dominant cause of the coastal upwelling on the shelf 
and its impacts on the marine biogeochemistry. Secondly 
compared to other simulations, we also investigated 
whether divergence is temporary or permanent on 
the shelf, and whether it can lead to upwelling. We 
also calculated different fluxes by tracking the flow of 
nutrients along the east coast. Lastly, due to the high 
number of river mouths along the coast, we investigated 
whether land runoff can possibly contribute to the 
phytoplankton production on the shelf.
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In Mozambique, artisanal fishing plays an important role 
in the lives of fishing communities, both in economic and 
social terms, as an important source of food and income 
for communities.  The collection of artisanal fishing 
data is carried out by technicians in printed forms. The 
process is time-consuming, susceptible to human errors, 
with consequent data loss. The study aimed at creating an 
application using Open Data Kit (ODK) for smartphone, 
to increase the speed and easiness of the process, so that 
it could be used by the Community Fisheries Councils 
(CCP). To monitor species with high ecosystem and 
commercial potential for the communities. The process 
is not yet finalized, and we work for the communities 
can receive the treated data from their monitoring on 
the same smartphone. Villages of the Northern Province 
(Quiwia and Quirinde) and the South (Bandar, Gimpia, 
Mecufi) were used. It was verified that, for the South, 
the predominant families were Lethrinidae, Carangidae, 
Eugraulidade and Scombridae, while the arts were the 
Line fishing, beach seine and gleaning. To the north were 
the Lethrinidae, Mullidae, Octopoda and Scaridae and 
how much the arts were speargun and line fishing. In 
relation to CPUE, the month of June presented higher 
CPUE for both regions. We can affirm that the results are 
consistent, and the CCPs have demonstrated continuity 
and quality in their samplings. 

Keywords: Smartphones; ODK; artisanal fisheries; 
communities monitor; Cabo Delgado.
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Estuaries form transition zones linking freshwater 
and marine biomes. Estuaries are characterized 
by pronounced gradients of physical and chemical 
components These factors strongly influence the 
phytoplankton community structure along the resulting 
continuum. Phytoplankton are the base of primary 
productivity in the aquatic ecosystems. Their species 
composition can vary depending on variuous factors like 
nutrients and physiochemical characteristics. On March 
2006 to september 2008 a study was done to assess 
the phytoplankton species composition was done along 
the salinity gradient in the Pangani estuary Tanzania. The 
Panagni estuary is situated in the Northern Tanzania 
at latitude 5°30’0” and longtude 38°49’60” E.  Six sites 
were selected accoring to salinity difference. Samples 
were taken at at every two month.  By using a a boat and 
a GPS sites were reached. Phytoplankton samples were 
preserved immediately after collection with acidified 
Lugol’s solution. Identification was performed using an 
Zeiss microscope with phase contrast. Counting was 
done according to Utermohl (1958) and Lund et al. 
(1958). with an Zeiss microscope. Species richness and 
diversity was estimated considering all species identified 
during the study period. Primer 6 stastical programme 
was used to do the statistical analysis. A total of 153 
species were indetified. The Bacillariophyceae were 
the domint group stephanodisciuus astaca being the 
dominant species followed the chlorophceaces the 
dinophyceace and cycnopypheacea were the minor group. 
For perecentange composition the analysis of similarity 
(ANOSIM) showed no significant difference among the 
sampling sites (Global R Global Test Sample statistic (Rho): 
0.-0.016) species composition was not variable among 
the sites as well (r= 0.24 but among sampling months it 
was significant different (Rho: 0.056 p= 0.01). Mostly July 
2006 and September 2007 were significantly different 
from other months. BIOENVE showes that salinity (R=-
0.059,p=0.66) and DO (R=0.037, p=0.458) has no effects 
but pH (p=0.07) has effect on phytoplankton assemblage 
in the Pangani estuary.  Shannon - Wiener’s diversity index 
(H’) values recorded for the sampling sites was higher at 
Mashine ya maji site (fresh water end) and was lower for 
Mlangoni and kikokwe site the (marine end). The species 
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diversity showed no significant variation between the 
stations. Evenennss values ranged between 0.58 to 0.82 
and showed a uniform distribution of species all the 
six sites. This is attributed to mixing. Due to nutrient 
discharges from point sources in the Pangani estuary, 
no evidence of poor water quality phytoplankton was 
found.  In fact the Cyanobacteria and Dinophyceae, 
which are dominant in high trophic state ecosystems, 
as well as Cryptophyceae whose predominance is 
known to be an indicator of eutrophication were all 
minor contributors to the algal community in the 
Pangani estuary suggesting that at present, cultural 
eutrophication is not a problem in this estuary
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Populations of most marine benthic species have 
pelagic larvae which is important in maintaining coastal 
populations. The populations of these species were 
previously interpreted as being demographically open. 
The scale of larval dispersal was explained by the physical 
mechanisms of the ocean and the duration of the larval 
phase. However, recently, with greater knowledge of the 
potential effects of larval behaviour on larval transport 
and dispersal, there has been a shift to understanding 
of these populations as being demographically more 
closed. The ocean is dynamic and offers several means of 
dispersal for larvae with limited swimming abilities. The 
mechanisms that influence larval transport and delivery 
to the adult benthic sites remain poorly understood. 
The aim of this study was to investigate the overall 
alongshore and cross-shore transport and temporal 
delivery of invertebrate larvae at four sites (Kenton 
on Sea, Cannon Rocks, Schoenmakerskop and Cape St 
Francis) along the south east coast of Eastern Cape, 
South Africa. February 2016 – May 2016 and October 

2016 – February 2017 were the two sampling periods 
during which larval distribution of several taxa was 
determined by collecting water samples at nearshore 
line transects over three distances perpendicular to the 
shore and at three depths (surface, thermocline/middle 
and bottom). Several chemico-physical properties were 
measured in order to further explain larval distribution. 
The larvae were analysed as both total abundance and 
separately as the abundances of the following taxa: 
Perna perna, Mytilus galloprovincialis, oysters, early and 
late barnacle nauplii and cyprids. Larval settlement and 
recruitment on each shore were measured by monthly 
deployment and collection of artificial larval collectors 
for mussels and barnacles that were preserved in ethanol 
or frozen until processed.  The abundances of larvae 
for each taxon were analysed separately using multiple 
Permutational Multivariate Analysis of Variance to test 
the effects of site, depth and distance.  A distance based 
linear model was performed to analyse the relationships 
among total larval abundance and the chemico-physical 
variables. Multiple two-way analyses of variance were 
performed to test the effects of month and site on the 
settlement and recruitment of larvae to the shore. The 
results revealed that the larvae of most taxa showed a 
significant site and depth interaction, the exception being 
‘early nauplii’. The larvae of nearly all taxa were found 
within the thermocline, with ‘oyster’ and ‘cyprids’ being 
located at the bottom or thermocline. Larval abundances 
were greatest at the offshore stations. Furthermore, 
larval abundances showed a significant effect of site, with 
highest larval numbers at Cannon Rocks and Kenton on 
Sea and lowest values at Schoenmakerskop and Cape St 
Francis. For the settlement and recruitment, most taxa 
showed a seasonal trend, with the highest abundance 
of settlers and recruits appearing during the summer 
months. Additionally there was a site effect for most 
larvae (P. perna, M. galloprovincialis, other bivalves and 
juvenile barnacles), where settlers and recruits were 
mostly found at Cannon Rocks, indicating spatial and 
temporal variability along the targeted 180km stretch 
of coast. Overall, taxon, time and ontogenetic stage of 
larvae were important in determining the distribution 
and abundance of larvae. Throughout the time frame of 
nearshore and intertidal sampling, Cannon Rocks was 
consistently a ‘hot spot’ for larval abundance, settlement 
and recruitment, while a broad west to east separation 
was also observed. These results indicate that, larval 
dispersal and recruitment in these benthic populations 
operates as a ‘hybrid model’ of open and closed systems, 
depending on time, taxon and ontogeny. 

Keywords: Hybrid Model, Larval distribution, 
Settlement, Recruitment, Transport, Ontogeny, Taxon. 
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Populations of most marine benthic species have 
pelagic larvae which is important in maintaining coastal 
populations. The populations of these species were 
previously interpreted as being demographically open. 
The scale of larval dispersal was explained by the physical 
mechanisms of the ocean and the duration of the larval 
phase. However, recently, with greater knowledge of the 
potential effects of larval behaviour on larval transport 
and dispersal, there has been a shift to understanding 
of these populations as being demographically more 
closed. The ocean is dynamic and offers several means of 
dispersal for larvae with limited swimming abilities. The 
mechanisms that influence larval transport and delivery 
to the adult benthic sites remain poorly understood. 
The aim of this study was to investigate the overall 
alongshore and cross-shore transport and temporal 
delivery of invertebrate larvae at four sites (Kenton 
on Sea, Cannon Rocks, Schoenmakerskop and Cape St 
Francis) along the south east coast of Eastern Cape, 
South Africa. February 2016 – May 2016 and October 
2016 – February 2017 were the two sampling periods 
during which larval distribution of several taxa was 
determined by collecting water samples at nearshore 
line transects over three distances perpendicular to the 
shore and at three depths (surface, thermocline/middle 
and bottom). Several chemico-physical properties were 
measured in order to further explain larval distribution. 
The larvae were analysed as both total abundance and 
separately as the abundances of the following taxa: 
Perna perna, Mytilus galloprovincialis, oysters, early and 
late barnacle nauplii and cyprids. Larval settlement and 
recruitment on each shore were measured by monthly 
deployment and collection of artificial larval collectors 
for mussels and barnacles that were preserved in ethanol 

or frozen until processed.  The abundances of larvae 
for each taxon were analysed separately using multiple 
Permutational Multivariate Analysis of Variance to test 
the effects of site, depth and distance. A distance based 
linear model was performed to analyse the relationships 
among total larval abundance and the chemico-physical 
variables. Multiple two-way analyses of variance were 
performed to test the effects of month and site on the 
settlement and recruitment of larvae to the shore. The 
results revealed that the larvae of most taxa showed a 
significant site and depth interaction, the exception being 
‘early nauplii’. The larvae of nearly all taxa were found 
within the thermocline, with ‘oyster’ and ‘cyprids’ being 
located at the bottom or thermocline. Larval abundances 
were greatest at the offshore stations. Furthermore, 
larval abundances showed a significant effect of site, with 
highest larval numbers at Cannon Rocks and Kenton on 
Sea and lowest values at Schoenmakerskop and Cape St 
Francis. For the settlement and recruitment, most taxa 
showed a seasonal trend, with the highest abundance 
of settlers and recruits appearing during the summer 
months. Additionally there was a site effect for most 
larvae (P. perna, M. galloprovincialis, other bivalves and 
juvenile barnacles), where settlers and recruits were 
mostly found at Cannon Rocks, indicating spatial and 
temporal variability along the targeted 180km stretch 
of coast. Overall, taxon, time and ontogenetic stage of 
larvae were important in determining the distribution 
and abundance of larvae. Throughout the time frame of 
nearshore and intertidal sampling, Cannon Rocks was 
consistently a ‘hot spot’ for larval abundance, settlement 
and recruitment, while a broad west to east separation 
was also observed. These results indicate that, larval 
dispersal and recruitment in these benthic populations 
operates as a ‘hybrid model’ of open and closed systems, 
depending on time, taxon and ontogeny. 

Keywords: Hybrid Model, Larval distribution, 
Settlement, Recruitment, Transport, Ontogeny, Taxon. 
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Giant clams are the largest of all bivalve molluscs, 
partly due to their symbiotic photosynthesising micro-
algae (zooxanthellae). Unlike other marine molluscs, 
which filter feed on plankton from the seawater 
column, giant clams achieve their large size through 
the photosynthate supplied by the dinoflagellate algae 
(Symbiodinium) that live in their mantles tissues. These 
cryptic organisms have been subjected to both natural 
and anthropogenic impacts for decades leading to the 
rapid decline of these ‘vulnerable’ classified (CITES) 
species. However, little is known about their distribution 
in the waters of Rodrigues. This study, thus, investigated 
the seasonal variation of the giant clam Tridacna maxima 
during winter (July) and summer (December) seasons 
in three consecutive years: 2016, 2017 and 2018 in 
two protected areas in the South East (South East 
Marine Protected Area) and North (English Bay Marine 
Reserve) regions of Rodrigues Island. The giant clam T. 
maxima was morphologically identified. The number of 
T. maxima individuals were quantified along 25m x 10m 
belt transects (n=3) at the two different sites and the 
individuals recorded were classified into two main length 
size classes: juveniles (shell lengths, 0.1–79mm) and 
shell lengths ≥ 80 mm for adults. The survey revealed 
that there has been no significant decrease in T. maxima 
abundance (both adults and recruits) during both winter 
and summer for the three years at South East Marine 
Protected Area (SEMPA). However, at the English Bay 
Marine Reserve (EBMR), a significant decrease (P <0.01) 
was observed in adult T. maxima from 2016 to 2018 in 
both winter and summer. The study also showed that 
no recruit was recorded in EBMR. The study showed a 
non-significant negative correlation (r=-0.347, p=0.360) 
between the overall T. maxima population during both 
summer and winter period in SEMPA while a strong 
positive relationship (r=+0.930, p=0.01) between the 
overall giant clam population in the EBMR during both its 
winter and summer period was observed. The results of 
this research indicate that conservation and protection 
measures are working better in the SEMPA as compared 
to the EBMR which could lead to declines in giant clam 
populations in the EBMR over time. Further investigations 
on impacts of exploitation and environmental changes 
over time are needed to identify the causes of such 
declines in these threatened Tridacnid populations. 

Keywords: Tridacna maxima, protected areas, density, 
seasonal variation, Rodrigues
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Background 

South Africa recently announced that an additional 
20 Marine Protected Areas (MPA) will be included in 
the current MPA network increasing protection from 
0.42% of the mainland marine territory to 5%. The aim 
is to have a representative network of MPAs which 
will cover 10% of the marine territory by 2020. MPAs 
continue to be recognised as key tools in conservation 
with other well-established benefits such as fisheries 
management, tourism, education and research. Since 
the declaration of the first MPA in 1964 in South Africa 
however, reception of this tool by communities has 
been mixed, with negative perceptions attributed to the 
legacy of apartheid and challenges regarding access to 
resources for coastal communities that rely on marine 
resources, some of which are currently overexploited. 
MPA design is key in meeting conservation targets as 
well as balancing other needs. The natural environment 
underpins all forms of benefits which people derive, 
consumptive and non-consumptive, therefore ensuring 
maintaining ecosystem integrity is integral to sustainable 
development. An assessment of ecosystem protection 
levels is key in identifying gaps in the MPA network and in 
identifying priority areas for further MPA expansion. The 
objective of this work is to support the achievement of 
conservation targets and the most social benefits, with 
the least impact on coastal communities. 

Methods 

In South Africa, a National Biodiversity Assessment 
report is compiled every seven years to assess amongst 
other indicators, protection level and threat status of 
ecosystems and key species. This study contributed 
towards the assessment of marine ecosystems following 
an approach developed by the South African National 
Biodiversity Institute to report on the representation 
of each ecosystem type in the country. There were 150 
marine ecosystem types assessed using a new map of 
Marine Protected Areas that included the 20 new MPAs 
in addition to the existing 24 coastal MPAs to report 
on protection levels. The assessment was done by 
calculating a proportion of each ecosystem types within 
protected areas. The proportion is assessed against a set 
biodiversity target of 20%. Four categories of protection 
were measured: Well protected (WP) ≥ 20%, Moderately 
protected (MP) 20 ≤ to 10%, Poorly protected (PP) 10 
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≤ 0.2% and No protection (NP) 0.2 ≥ 0 of ecosystem 
extent. Those ecosystem types which met the 20% target 
were only considered well protected if the target was 
met in areas of good ecosystem condition and if the the 
condition is not good then the category was downgraded 
to moderately protected. 

Results 

The protection level analysis showed that 41% of the 
150 marine ecosystem types assessed were Well 
Protected, 31% were Moderately Protected, 15% were 
poorly protected and 13% are Not Protected. A total 
of 51 ecosystem types received protection for the first 
time with the addition of 20 new MPAs. Well protected 
ecosystem types increased by 11%. The new MPAs 
improved offshore protection representivity by 52%. A 
large proportion of ecosystem types have improved in 
category but 69% still have less than 20% of their full 
extent in good ecosystem condition. There were 10 
threatened ecosystem types that are not protected 
and three of those are Endangered; namely KZN Natal 
Bight, Orange Cone Inner Shelf Mud Reef Mosaic, and 
Orange Cone Muddy Mid shelf. New mapping work that 
is currently underway has also identified biodiversity and 
other features linked to tourism, cultural and heritage 
sites and other features that can help deliver benefits 
from protected areas . These will also be used to 
identifying further priority areas for protection. 

Conclusions 

Even though the recent commitment to declare an 
additional 20 MPA will increase protection of South 
Africa’s mainland marine territory from 0.42% to 5%, 
there is opportunity to improve protection levels to 
improve the reprensentivity of ecosystem types within 
the MPA network while securing other benefits as well. 
Protection levels of threatened or under protected 
ecosystems can be improved by including them in the 
design of the next 5% of MPAs.
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Fish feeling the heat - a new heart rate logger 
method to estimate the Arrhenius break and 
optimum temperature of a eurythermal marine fish 
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Understanding the thermal optima (TOPT) of fish is 
a priority in order to correctly forecast distributional 
shifts in response to climate change. Recent techniques 
have shown that maximum heart rate (fHmax) indicators 
can be used to estimate TOPT as opposed to developing 
aerobic scope (AS) curves through respirometry. 
However, the current method used to determine fHmax 
uses external electrodes which can cause complications 

in salt water, thus restricting the majority of studies 
to freshwater species. This study aimed to validate the 
use of internal heart rate loggers to rapidly estimate 
TOPT in a south African marine fish. Six out of the 10 
loggers successfully captured the fHmax of red roman 
Chrysoblephus laticeps, a eurythermal marine species, over 
an acute warming period. From this, the Arrhenius break 
temperature (TAB) (temperature at which fHmax stops 
increasing exponentially) was found to range from 18.1 to 
20.1°C. The TOPT estimated from AS in a parallel study 
ranged from 18.1 to 20.3°C and the difference between 
the two indexes were statistically indistinguishable from 
zero (single sample t-test; d.f. = 4; p >0.05). These findings 
suggest that TAB determined using internal heart rate 
loggers is an adequate estimate of TOPT for this species. 
Internal heart rate loggers may be valuable tools for 
understanding warming driven shifts in marine fishes and 
for rapidly assessing the thermal preference of marine 
fish in order to create accurate predictive distribution 
models in light of climate change. With the rapid changes 
seen in the WIO, a method like this may prove to be 
highly beneficial for fisheries managers and those who 
rely on these resources.
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The fish fauna of the Mariarano mangrove, northwest of 
Madagascar and that of Loholoka channel, in the South 
East, are yet poorly known. Thus, investigations were 
conducted from July 1 to August 2, 2014 in Mariarano 
and from August 10 to 31, 2014 in Loholoka in order 
to know their fish communities and see if similarities 
exist between them. The same study protocols were 
performed: experimental fishing, registration of bio-
ecological parameters and a daily inventory of fishermen 
product. The results show that Mariarano hosts 36 fish 
species in 24 families. Leiognathus equulus, Liza macrolepis 
and Sardinella albella are the most abundant. Loholoka 
is home to 36 species in 26 families where the endemic 
species Sauvagella madagascariensis is the most abundant. 
They also show the existence of 15 common species 
between the two sites. Moreover, their Shannon indices 
are not significantly different. This similarity of diversity 
seems to be explained more by the bio-ecological 
potential of each site than the low salinity. Indeed, the 
salinity does not really influence the index of diversity 
in both sites. Finally, the development of a conservation 
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program is needed to preserve these habitats and 
their fish fauna especially that of Loholoka because it 
includes endemic species such as Paretroplus polyactis, 
Ptychochromis sp and Eleotris macrolepidota. Nevertheless, 
more studies are still to be done to know more about 
the fish in these areas. 

Keys words: Bioecology, Diversity, Lotic ecosystems, 
Ichtyofauna, Loholoka, Madagascar, Mariarano, Wetlands. 
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Background 

Seascape genetics, where population genetics draws 
on ecology, oceanography and geography to explain 
connectivity and spatial genetic structure, was used to 
examine the finescale population genetic structure and 
phylogeography of the spiny lobster Panulirus homarus in 
the Western Indian Ocean. 

Methods 

Observed genetic structure based on 21 microsatellite 
loci was examined in relation to ocean circulation 
patterns, and to determine the influence of latitude, 
sea surface temperature (SST) and ocean turbidity on 
population-level processes. Virtual passive Lagrangian 
particles advected using satellite-derived ocean surface 
currents were used to simulate larval dispersal. 

Results 

At a geospatial level, the genetic clusters recovered 
corresponded to three putative subspecies, P. h. rubellus 
from the SW Indian Ocean, P. h. megasculptus from the 
NW Indian Ocean, and P. h. homarus from the tropical 
region in-between. In the SW Indian Ocean, the 
dispersion of particles tracked over a 4-month period 
provided insight into a steep genetic gradient observed 
at the Delagoa Bight, which separates P. h. rubellus and 
P. h. homarus. South of the contact zone, particles were 
advected south-westwards by prevailing boundary 
currents, or were retained in nearshore eddies close to 
release locations. Some particles released in southeast 
Madagascar dispersed across the Mozambique Channel, 
and reached the African shelf. In the NW Indian Ocean, 
particles were retained within the Arabian Sea. 

Conclusion 

Complex physical oceanography and biogeographical 
boundaries could explain genetic diversity among P. 
homarus subspecies, along with isolation by distance. 
Minimum SST was correlated with genetic variability, 
suggesting larval tolerance to ambient temperature as a 
selective factor in dispersal success. 
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Background 

Coastal intertidal and mangrove habitats are home to many 
benthic macro-invertebrates which inhabit the upper 
sediment environments.  These organisms are >0.5 mm in 
size and range from sedentary and resident organisms, to 
highly migratory species. They inhabit all types of intertidal 
environments and majority of the sedentary fauna spend 
part or most of their life-cycle attached to submerged 
rocks, logs or vegetation. The migratory fauna, including 
some species such as the mangrove crabs dig burrows 
within the marine environments, but often have limited-
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distance migrations. Consequently, these benthic macro-
invertebrates are impacted by the physical, chemical, 
and biological conditions of the environments due to 
their limited ability to escape pollution, and therefore, 
present very good indicators of the quality of the aquatic 
environments. Most of the salt industries in North Coast 
of Kenya discharge the untreated waste-brine back into 
the mangrove habitats along the coast with little regard 
to the likely impacts of these toxic concentrates on the 
environment and the associated flora and fauna.  The 
occurrence of softshelled (moulted like individuals) in 
majority of the exploited mangrove crabs and shrimps in 
these inshore habitats and creek fisheries is a common 
phenomenon calling for rapid assessment of the impacts 
of these industries not only on the intertidal biota, 
but to the entire marine ecosystem. It was therefore 
necessary to assess the effect of change of salinity levels 
in water quality parameters and their relationship to the 
distribution of crab species in North Coast Kenya. 

Methods 

Assessments were conducted for a total of five months 
in the two sampling stations: Marereni and Kurawa 
where crab samples were collected at both neap and 
spring tide. Crab sampling was done using a (1m x 1m) 
wooden quadrat at each site (outlet and inlet area) at the 
littoral zones. In order to give a representative data, 10 
replicate sampling locations were randomly chosen at a 
distance of 0-10m horizontally along the water channels 
that flows into the ocean and then 0- 10m vertically to 
identify the species type, density, richness and diversity. 
The crab samples were hand-picked while some were 
scooped after which they were sorted and identified to 
species level in situ and others packed in zipped paper 
bags and labelled depending on the site collected; and 
preserved in iced cooler box and taken to the Pwani 
University laboratory where they were identified. At the 
Pwani University laboratory the crabs were removed and 
counted and the number recorded based on the species 
type. The crab size was also determined by measuring 
the carapace length. Only the record of the four most 
abundant crab species in both the sites was used to 
determine the relationship between the crab abundance 
to pollution of the mangrove environment. 

Results 

Canonical Correspondence Analysis (CCA) showed that 
on the first Principal Component, there was a strong 
positive loading of Chlorophyll-a (primary productivity) 
on the abundance of M. ovalina at Kurawa inlet during 
the spring tide, but negative loading of salinity, pH and 
total phosphorus on P. elongatus and T. palustris at Kurawa 
outlet and Marereni inlet during neap tide.  On the second 
Principal Component, there was a generally no substantial 
loading of all environmental variables (chlorophyll-a, pH, 
salinity and total phosphorus) on the abundance of M. 
ovalina at Kurawa inlet during spring tide and T. palustris 
and P. elongatus at Kurawa outlet during the neap tide. The 
distribution of crabs showed relationships to salinity and 
degree of tidal inundation.  The dominant species such 

as M. grandidieri, M. ovalina, U. chlorophathalmus, T. palustris 
and P. elongatus shifted throughout the study period. 
These observed differences among the crabs may have 
been related to changes in water quality which affect 
the environment causing change. The effect of the brine 
waste discharge in water quality of the water channels 
in Kurawa and Marereni were also evident in the crab 
communities, which exhibited reduced/increased species 
numbers and individuals per species per site based 
on the logistic regression test done. Such species can 
therefore be used as indicators of salt intrusion since 
they can tolerate the hyper-saline water. 

Conclusion 

Salt work discharge was found to be associated with 
changes in physico-chemical parameters and productivity 
which impact on the distribution and abundance of 
mangrove crab species along the Gongoni-Kurawa 
coastal stretch, north coast Kenya in several ways as 
there was a strong correlation of M. grandidieri to Kurawa 
inlet and outlet during spring and neap tide, M. ovalina to 
Kurawa inlet during spring tide and T. palustris to Kurawa 
outlet during neap tide. In addition, there was a strong 
positive loading of chlorophyll-a on the abundance of M. 
ovalina at Kurawa inlet during the spring tide but negative 
loading of salinity, pH and total phosphorus on P. elongates 
and T. palustris at Kurawa outlet and Marereni inlet during 
neap. It is therefore recommended that monitoring of the 
water quality parameters along such affected areas; salinity, 
chlorophyll-a, and nutrients should be done frequently 
along mangrove ecosystems along Kurawa-Marereni area 
and other coastal areas where salt industries are found. 
This should include assessment of the influences on the 
spatiotemporal distribution and abundance of mangrove 
crabs before and after the brine discharge.
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Human societies and ecosystems they depend on 
are facing an unprecedented environmental crisis. 
Climate change is recognised as one of the strongest 
transformative force on ecosystems, adversely affecting 
ecosystems worldwide and the millions of people 
dependent on it who will have to adapt to those new 
environmental conditions and novel ecosystems. To 
avoid local communities to fall into socio-ecological 
traps, governments, development agencies and non-
governmental organisations urgently need decision 
support information for place-based climate change 
adaptation actions. It is therefore crucial to identify i) 
conditions that can influence social adaptive capacity of 
local communities to climate change and ii) actual and 
future socio-ecological conditions that might lead local 
communities to experience socio-ecological traps now 
in the future. We investigated the determinants of social 
adaptive capacity in small-scale fisheries communities 
in Madagascar and Kenya in the Western Indian Ocean, 
as well as associated ecological conditions. Combined 
social adaptive capacity and ecological conditions 
revealed that 80% of fishers’ communities in the 
WIO were experiencing socio-ecological states that 
could lead to socio-ecological traps, while 10% were 
potentially already experiencing socioecological traps. 
We further demonstrated that fishers’ communities 
already at the bridge of socio-ecological traps would face 
higher climate stress exposure in the future. Proactive 
strategies of governance to both sustain i) the capacity 
of ecosystems to provide multiple ecosystem services and 
ii) enhance crucial components of well-being are therefore 
crucial.  We further investigated the determinants of social 
adaptive capacity and ecological conditions in the vicinity 
of the fishers’ communities.  We found that isolation from 
a market and climate stress had a significant negative 
influence on social adaptive capacity, while a higher level of 
education had a positive influence.  Also, overall, resources 
management through marine protected areas and locally 
marine managed areas had a positive influence on ecological 
conditions, albeit with some exceptions, particularly in 
Kenya. This study demonstrates the inevitable tradeoff 
between conservation and development initiatives. While 
increase market accessibility for fishers’ communities can 
increase social adaptive capacity, its consequences on natural 
resources will be detrimental, with expected consequences 
on ecosystems benefits and fishers’ wellbeing. Enabling 
market access through development initiatives need to 
be conducted alongside conservation projects that have 
initially acknowledged those trade-offs to ensure both it is 
ecologically effective and ethical, with fishers well-being and 
coastal ecosystems integrity as the ultimate long-term goals.
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With support from the Canadian IDRC (International 
Development Research Center) and the French IRD 
(Institute of Research for Development) the Western 
Indian Ocean Deltas Exchange and Research Network 
(WIoDER) brought together researchers, managers 
and students from 4 major deltas of the Western Indian 
Ocean (WIO), the Tana delta in Kenya, the Rufiji delta 
in Tanzania, the Limpopo delta in Mozambique and the 
Betsiboka delta in Madagascar. Five thematic schools 
were conducted in the deltas, covering surface and 
groundwater hydrology and drone mapping (Limpopo), 
biodiversity and fisheries (Tana), mangroves and remote 
sensing (Betsiboka) and one each for livelihoods 
and migrations (Rufiji). These thematic schools were 
conceived as methodological exchanges where various 
experts and students from different disciplines would 
interact in both the classroom and the field to jointly 
develop approaches to improved understanding of the 
delta-specific socio-ecosystems and user strategies 
that are applicable in all deltas, allowing cross-delta 
comparisons and exchanges. By strengthening the 
knowledge base and the research capacity in these and 
other WIO deltas the network endeavours to influence 
policy and decision-making for more sustainable, 
equitable and climate resilient governance and 
management of the deltas in view of their rapid changes 
due to land use change (deforestation, conversion to 
agricultural land) and increased water abstraction and 
hydropower dams upstream, local conversion for large-
scale irrigation and harbour infrastructure, oil and gas 
exploration and extraction and the establishment of 
protected areas. In this presentation, we analyse the 
lessons learned from the first two years of the network, 
both in term of effectiveness of the capacity building 
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exercise and on the methodological content that was 
discussed in the thematic schools and set out the options 
for strengthening delta studies in the next phases. 
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Most species of baleen whales were affected to important 
overexploitation by commercial whaling during the last 
century. They are nowadays concerned by numerous 
anthropogenic threats (e.g., ship strikes, entanglement). 
As a result, many populations are reduced to small 
parts of their original sizes. Considering the humpback 
whale migration in the Western Indian Ocean, related 
economic benefits and the need to protect whales 
during their journey, a fisrt mandatory step towards 
whale conservation is to identify existing legal tools in 
the region. The protection of whales reveals a multitude 
of legal and institutional frameworks, or “regimes”, which 
will bring together an international convention for the 
protection of the environment, its generated institutions, 
a secondary legislation and, sometimes, the development 
of financial mechanisms. According to this architecture, 
certain uses were then regulated like trade (Convention 
on International Trade in Endangered Species of Wild 
Fauna and Flora), or whaling (which is regulated by the 
International Convention for the Regulation of Whaling 
or “Whaling Convention”). In addition, sanctuaries were 
established to ensure the tranquility of these great 
mammals from whaling like the Indian Ocean Sanctuary 
in the region. At the national scale, marine protected 
areas are one of the most interesting legal tools for 
whale protection and conservation. Indeed, some marine 
protected areas categories display operational regulations 
which can improve whale conservation but need to 
meet particular conditions to be effective. However, 
these international and national hard laws (or binding 
laws) reflect a fragmented landscape by the multitude 
of existing norms and by unequal involvment of States 
to protect whales. Though, international cooperation is 
essential for whales as highly mobile animals, crossing 
the water under jurisdictions of multiple nations.  As 
an example, marine protected areas, isolated from each 
other and implemented without regional coordination 
are not appropriate to protect whales. In the context of 
this fragmentation, focussing on other tools to protect 
whales in the Western Indian Ocean is necessary. Indeed, 
legal frameworks are also supplemented by soft law, 
generating incitative commitments, often developed 
in the context of local characteristics. This applies, for 

example, to whale-watching charters or labels awarded 
to companies for their responsible whale-watching. 
Soft law can also lead to the creation of an Important 
Marine Mammal Area which is currently under way for 
the region. Considering the different tools implemented 
in the region and their effectivness, it appears that soft 
law plays a major role in the protection of whales. 
It also reveals that the protection of whales is a 
global phenomenon. This feature requires to exceed 
considering a specific legal order, either international, 
eitheir regional or national to favor an ecological 
approach. Although this approach of considering soft law 
for whale protection and conservation is uncommon, 
soft law effectivness must be assessed. In this respect, the 
various theories of global law can be useful because they 
suggest to scrutinize the law through a multiscale way 
with a variable normative intensity and beyond State. To 
develop a regional cooperation around the protection of 
whales, it is thus necessary to include soft law into the 
existing legal frameworks considered and to reveal the 
potential of these norms to create links between various 
“functional regimes” and/or “territories” for an effective 
regional “whales route”. Understanding such normative 
interactions associated with various stakeholders, 
institutions and networks of States in the Western Indian 
Ocean are key conditions for conservation success. 
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Background 

Descriptions of 17 areas that meet the criteria for 
Ecologically or Biologically Significant Marine Areas 
(EBSAs) in South Africa were formally endorsed 
by the CBD Conference of the Parties in October 
2014.  These included that were contained within the 
Exclusive Economic Zone (EEZ) and a further six that 
extended into other country’s EEZ’s or into Areas 
Beyond National Jurisdiction (ABNJ). Since 2016 the 
country’s EBSAs have been under review. Reasons for 
this include to (i) identify gaps and opportunities, (ii) 
update with the latest scientific information, (iii) ensure 
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a more robust and cross-sectorally inclusive process 
than was conducted when EBSAs were initially described 
for the country (2012-14), and (iv) enhance scientific-
based information and recommendations to Marine 
Spatial Planning and other marine management and 
conservation measures. The review forms a component 
of the regional MARISMA (Marine Spatial Management 
and Governance of the Benguela Current Large Marine 
Ecosystem) that is coordinated by the Benguela Current 
Convention (BCC) and supported by the German 
Cooperation for International Cooperation. MARISMA 
supports the member states of the BCC (South Africa, 
Namibia and Angola) and key stakeholders in the marine 
management sector to enhance sustainable management 
and governance of their marine biodiversity and natural 
resources 

Methods 

A Systematic Conservation Planning (SCP) approach 
has been used to identify new potential areas to be 
assessed in terms of EBSA criteria, and also to delineate 
their boundaries or to revise the boundary delineations 
of existing EBSAs. Data from recent surveys (especially 
of offshore areas) and other identified data sources 
(e.g. animal tracking) were incorporated. The process 
has included national stakeholder workshops, regional 
benchmarking with other countries in the region 
(Namibia and Angola), and review by an international 
panel of experts. EBSAs extending into ABNJ were not 
considered; revision of these EBSAs would require a 
separate process. 

Results 

A proposal is being drafted following the revision that 
sees descriptions for three proposed newly described 
EBSAs (namely Protea Seamount Cluster, Cape Point 
to Cape Agulhas, Tsitsikamma-Robberg), splitting of two 
existing EBSAs which comprised groups of features into 
multiple distinct EBSAs, the joining of some features into 
a single EBSA, and boundary revisions to most remaining 
EBSAs. In general the revised boundaries that are being 
proposed have much closer alignment with EBSA 
features than was the case for the initial boundaries, to 
allow for better inclusion in planning and more focused 
management intervention. The proposal, if accepted will 
bring the number of EBSAs in South African waters to 
21, including those extending into other countries and 
into ABNJ, 11 of which are in the West Indian Ocean. 
With the exception of those extending into ABNJ, all are 
Type 1 (single, spatially static features) or Type 2 (groups 
of spatially static features). 

Conclusions 

The proposal still requires national endorsement before 
submission to the CBD’s Subsidiary Body on Scientific, 
Technical and Technological Advice (SBSTTA). Multiple 
data layers and associated information resulting from 
the SCP approach, including the features themselves, 
the anthropogenic pressures that they are subjected to, 

and their resulting habitat condition and threat status, 
have provided a robust evidence base for evaluating 
potential management measures for EBSAs that can be 
considered for the development and implementation of 
marine spatial management plans, or in other area-based 
management processes. This forms the next phase of the 
project. 
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Background 

Over the past decades maritime trade and port industries 
have experienced phenomenal growth, and as trade 
facilitators, ports are crucial to the global economic 
system. However, interest in the environmental impacts 
from ports is growing as natural resources across the 
globe are rapidly deteriorating. As a result, ports are 
required to undertake various environmental monitoring 
and assessment studies, e.g. Strategic Environmental 
Assessments (SEA), Environmental Impact Assessments 
(EIA) and Environmental Monitoring Systems (EMS). 
These studies generate a wealth of environmental data 
and information, but are seldom applied, beyond the 
specific studies, to contribute to improved port planning 
and management. Port operators often argue that 
environmental data and information are presented in 
scientific formats that are not easily accessible to them, and 
are thus not used in their decision-making towards more 
sustainable port planning and management. In addition, 
there is a lack of proper data storage and management 
as well as limited sharing of data and information across 
the various environmental studies, even within a single 
port. This is a particular challenge in ports where rapid 
staff turnover results in new employees not being 
able to easily locate historical environmental data and 
information when needed. In this study, we consider a 
web-enabled Environmental Information Systems (EIS) as 
a possible tool to overcome these challenges, by applying 
new, innovative options to organise, communicate and 
disseminate environmental data and information that are 
accessible to port operators, taking science from dusty 
scientific reports to their fingertips. 

Methods 

The CSIR team has extensive experience in supporting 
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national ports on environmental matters and as a result 
has the experiential knowledge to undertake a preliminary 
design of an EIS for ports. ESRI’s Story Map application was 
selected as the software package based on its flexibility, 
offering multiple templates for the design of such a system, 
as well as a diverse range of formats to present data and 
information, ranging from simple text, photographs and 
hyperlinks to relevant reports and literature, through to 
interactive geographical maps (displayed through ArcGIS 
Pro and Arc Online). In addition, this software offered 
the opportunity to build a platform that did not require 
proprietorial software to operate.  A South African 
commercial port was selected as a case study, using readily 
available marine environmental data and information to 
demonstrate proof of concept. 

Results 

Key design criteria considering the purpose of the EIS 
were: (1) to provide relevant marine environmental data 
and information in a logical, structured format, (2) to 
present the data and information in a simple and visually 
appealing way, and (3) to allow the easy and rapid transfer 
of data and information among various departments in 
and across different ports.  The chosen EIS design allowed 
the presentation of data and information organised into 
various modules including: (1) About – explaining the 
purpose of the EIS and giving directions on how to use 
it, (2) Overview – providing an overview of the specific 
port itself, (3) Legislation – providing a brief overview 
of the legislation relevant to ports, (4) Port planning – 
focusing on planning in ports specifically covering EIAs 
and SEAs conducted for a particular port, (5) Dredging 
– providing an overview on the need for dredging in ports, 
(6) Environmental monitoring – providing an overview 
of environmental monitoring programmes, as well as 
the need and importance thereof, (7) Specific modules – 
focussing on marine environmental components (e.g. water, 
sediment and biota) and providing detailed information on 
the health status and compliance to related environmental 
requirements, and (8) Relevant literature – listing relevant 
literature on environmental monitoring in the specific 
port (with links to the relevant documentation), as well 
as additional scientific literature that may be important to 
port environmental management. 

Conclusion 

This study demonstrated a prototype design of an EIS 
to give port managers access to marine environmental 
data and information in a user-friendly, coordinated 
and systematic manner. Formal scientific outputs are 
disseminated in a meaningful way by translating such 
outputs into useful, actionable information for port 
management. Although the focus of this initial design 
was on the marine environment, the EIS can easily be 
extended to include other environmental components 
(e.g. air quality) and related activities (e.g. waste 
generation, energy usage). The next phase will be to 
present the prototype to port authorities, obtain their 
inputs on future amendments and refinements and finally 

to investigate the most appropriate avenue of taking the 
EIS into operation. We propose this prototype EIS as a 
potentially powerful tool to manage, disseminate and 
communicate environmental data and information in 
ports, taking it from “from reports to practice”.
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Infectious diseases represent a major threat to 
human health. Prior to the emergence of antibiotic 
treatment, many people could not survive common 
bacterial infections.  The exploitation of terrestrial 
microorganisms has led to the discovery of several 
classes of antibiotics such as βlactam, aminoglycosides, 
glycopeptides, tetracyclines, macrolides and lincosamides. 
Even though these antibiotics have worked effectively 
against bacterial infections for over 70 years, pathogenic 
bacteria are developing resistance mechanisms against 
these antibiotics through hydrolysis, efflux, altered 
target, phosphorylation, acetylation, nucleotidylation, 
reprogramming peptidoglycan biosynthesis, mono 
oxygenation, glycosylation, C-O lyase, acetylation and 
ADPribosylation. There is therefore an urgent need to 
explore new habitats which harbour microorganisms 
that are potential candidates for the production of 
novel metabolites. Mangrove ecosystems are unique 
and shelter a wide variety of halophilic microorganisms 
that still remain largely unexplored and potentially 
represent an excellent source for marine biotechnology 
exploitation to produce novel bioactive metabolites. In 
this study, the antimicrobial activities of microorganisms 
isolated from a mangrove forest in the south-east coast 
of Mauritius were investigated. Sediment samples were 
randomly taken from five stations of the mangrove forest 
at low tide in the month of August which is in the winter 
season in Mauritius. Physico-chemical parameters such 
as salinity, pH, sediment temperature and luminosity 
were measured. The microorganisms were extracted 
and cultured on Zobell Marine Agar and strains isolated 
were characterised by Gram staining and microscopy. 
Antimicrobial susceptibility tests were carried out for 
four randomly chosen gram positive isolates by disc 
diffusion and broth dilution method against Escherichia 
coli, Pseudomonas aeruginosa, Staphylococcus epidermidis 
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and Staphylococcus aureus.  The pH of the stations varied 
between 6.00 and 7.50 at low tide. The salinity measured 
in situ had a lowest value of 6.0 ppm and a highest value 
of 7.5ppm. The sediment temperature ranged between 
21.5-27.9˚C. The luminosity values were found in the 
range of 950-4200 at midday. Microbial strains with a 
range of phenotypic characteristics were isolated from 
the sediments. The major variation in pigmentation was 
between the colours red, orange, yellow and white. 
Some of the colonies were wet and creamy while others 
were dry.  The shapes of the most of the colonies were 
circular, rhizoid-shaped and mycelium-like structure. The 
majority were gram positive.  The crude extract from one 
strain showed bacteriocidal activity against E. coli while 
three other strains showed bacteriostatic activity on E. 
coli and S. aureus.  These results indicate the potential for 
antimicrobial properties of microbes from the mangrove 
soil and suggest that mangals of Mauritius harbour potent 
microorganisms, which could synthesise new bioactive 
compounds of pharmacological significance. 
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Background

By 2050, the world’s population is expected to exceed 
9½ billion people. Producing nutritious food for everyone 
in an environmentally friendly way is one of the greatest 
challenges of our time. According to the scientific 
community, the greatest potential for increasing seafood 
production and saving the oceans from overfishing lies 
in aquaculture, in particular through the cultivation of 
species from lower trophic levels such as invertebrates 
and algae. Seafood eating habits vary enormously, 
particularly between cultures and countries in the Global 

South versus Global North. People in the rich countries 
tend to eat mainly fillets of fish from a few predatory 
species (e.g. salmon, cod, tuna) that are high up in the 
food chain, and “exclusive” shellfish such as prawns, 
crayfish, lobsters and oysters, whereas in poorer regions 
fisheries and small-scale harvest of a diversity of seafood 
species are vital for income and protein intake. Many 
marine species and body parts of fish may not be eaten 
for cultural reasons or because people are not used to 
them. The food made out of these raw materials may have 
a strange or unfamiliar taste, fragrance or texture, but 
also, it may look strange or sound unusual when chewed. 
The reason may also be that there is simply no tradition 
of eating certain things from the sea, or that regional 
traditions from the past have been forgotten. The novel 
and unknown may seem strange and even scary.  However, 
there may also be an attractiveness of the unconventional 
which is related to adventure and curiosity. This has been 
exploited by some regions who are using “scary food” to 
attract tourists. A Scandinavian example is the traditional 
“smalahove” - sheep’s head - from Norway, which has 
its own food festival, “Smalahovesleppe” in the city of 
Voss. These scary foods attract travelers to a destination 
and hence contribute to business development and job 
creation. In this paper, we are exploring the potential of 
extraordinary seafood experiences as driving forces to 
increase the knowledge and interest for more sustainably 
produced food from the sea, as well as a driving force 
for destination development and local economic growth 
in coastal regions.  We call it the “Scary Seafood” concept, 
where novelty, curiosity, local and regional development 
and ecologically sustainable use of marine resources are 
some of the core values. The concept should be applicable 
in all parts of the world where “scary” seafood is available. 

Method 

We have combined knowledge from different scientific 
disciplines, i.e. marine biology, food science and marketing, 
and investigated the “scary seafood attraction” and 
the potential for sustainable usage of about 30 non-
commercial (no fishing quotas) species of invertebrates 
(i.e. jellyfish, shrimps, crabs, squat lobsters, snails, mussels, 
octopus, squids, starfish, sea cucumbers, sea urchins, 
sea squirts) and macroalgae (green, red and brown) 
which occur on the Swedish west coast. The supply 
and demand as well as value chains for these species 
were identified by interviewing fishermen, farmers, 
wholesalers, ecotourism providers and chefs. Also, rules 
and regulations concerning small-scale harvest and use 
of the chosen species have been compiled. Exhibitions 
and participation in various events in order to get public 
opinions about eating new food from the sea has also 
been part of the project. The combined knowledge was 
used to categorize the marine species into six different 
classes depending on the production method, supply 
chain, demand, profitability, potential to succeed etc. 
Recommendations were given regarding if the species 
can be fished, harvested or cultivated in an ecologically 
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sustainable manner. 

Results 

Of the 33 investigated species, 28 were considered to 
be ecologically viable based on the existing knowledge 
about populations sizes and can hence be used for 
small-scale fishing and business development. Among 
these were for example three species of shrimps from 
by-catch fishery (Pasiphaea tarda, P. multidentata och, P. 
sivado), the sandy swimming crab (Liocarcinus depurator), 
common periwinkle (Littorina littorea), shore sea urchin 
(Psammechinus miliaris), sea vase (Ciona intestinalis) and 
sugar kelp (Saccharina latissima). There were also some 
exceptions which include the ocean quahog (Arctica 
islandica), king scallop (Pecten maximus), two species 
of sea urchins (Echinus esculentus and Strongylocentrtus 
droebachiensis) and the red sea cucumber (Parastichopus 
tremulus) for which fisheries are not recommended 
because of their scarcity in the natural environment. 
Farming of these species can however be a future option. 

Conclusions 

We have identified a number of marine species which 
can form the basis for small-scale business development 
according to the scary seafood concept.  The fact that many 
people show great curiosity for novel food experiences 
opens up the demand for new marine products on the 
market, both locally and in cities where gastronomic trends 
often start. Local food festivals, Scary Seafood-trucks, 
workshops with celebrity chefs etc can further increase 
the interest for unconventional seafood. However, care 
must be taken if the demand for some species starts to 
exceed the natural supply and it is very important to avoid 
“gold-rush fisheries”.  The seafood should be kept exclusive 
and marketed as a high-value product. Communication 
strategies and use of social media to reach larger crowds 
and specific target groups can increase the impact and 
understanding of how marine resources can be more 
sustainably used in the future.
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Background

Estuaries are productive ecosystems which provide food 
to many organisms as well as local communities. In South 
Africa, estuaries are important to small-scale fishers whose 
livelihoods depend on these productive ecosystems. 
However, many of the estuarine dependent fish species on 
which they depend are overexploited, such as Pomadasys 
commersonnii, the spotted grunter.  Despite the importance of 
estuarine-dependent fish species, not much is known about 
their stock status, this negatively affects effective management 
and utilization of these species. It is hypothesised that there 
are different stocks of spotted grunter among South African 
estuaries, and thus it is crucial to determine connectivity 
among estuaries and to identify sub-populations with 
significantly different traits. Effective management requires 
stock delineation with possibly spatially explicit management 
strategies. To determine if spotted grunter have multiple 
stocks, a holistic approach was used to identify morphological 
and ecological differences between individuals from different 
estuaries. The aim of this study was to determine whether 
the Breede river population differs from the Kei river 
population by comparing otolith shape morphology and 
vocal ‘grunt’ dialects between spotted grunter from each 
estuarine system. 
Methods 
Otoliths were removed from individuals captured in 
the Breede river estuary and the Kei mouth estuary. To 
capture images of the otoliths, each otolith was raised, 
with the use of a small pipe, on a black background and 
captured using a Leica camera. The otoliths (left hand 
side) were positioned with the rostrum to the left and 
the sulcus facing upward. The images were captured in full 
colour and saved as a jpeg file.  An R-package software, 
known as ShapeR, was used to detect the outlines and 
shape coefficients of the otoliths. ShapeR uses an outline 
analysis approach which can extract and generate shape 
data. By quantifying the boundary shapes of the otoliths, 
we are able to determine the patterns associated within 
or among groups in terms of stocks. ShapeR has built 
in functions which are able to transform the outlines 
using either normalized elliptic Fourier analysis or a 
discrete wavelet analysis.  These analyses will generate 
coefficients for the otolith outlines. A canonical analysis 
of principal coordinates (CAP) analysis was conducted 
to analyse the variation in shape among the populations, 
this result was displayed on a cluster plot.  An ANOVA 
test was also performed to determine the partition of 
variation among groups. ShapeR is able to plot the mean 
shape of otoliths for each area to compare the outlines 
visually. For the acoustic method of stock discrimination, 
a proof of concept study was conducted using recordings 
downloaded from Fish base. These short recordings 
(<0.05) in the acoustic parameters of the dusky kob 
compared to the Haemulidae species, between different 
Haemulidae genera and lastly between Haemulon 
species. Frequency parameters (peak frequency, delta 
frequency and centre frequency) had the highest variable 
importance contributing to the spread of each species. 
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Conclusion

The significant differences in otolith shape morphology are 
most likely influenced by the variability in environmental 
conditions among the spotted grunter populations. 
This result suggests that there are multiple stocks of 
spotted grunter within South Africa.  Given the significant 
differences in the morphology of their hearing apparatus 
(otoliths) we have further reason to believe that there 
may be differences in their acoustic repertoires. The 
differentiation of vocalisations among Haemulon species was 
successful despite limited data and it is hypothesized that 
extended recordings should provide enough information 
to differentiate subpopulations within a species. These 
results suggest that acoustic parameters may be a useful 
method of stock discrimination for vocal species such 
as the spotted grunter. This project adopts acoustics in a 
novel way, providing a proof of concept for the use of fish 
vocalisation and acoustics for stock discrimination. This 
novel technique will hopefully expand the implementation 
of fish acoustics in South African marine research with the 
aim to eventually develop a measure of fish abundance using 
acoustics to provide alternative density estimates to catch-
per-unit-effort (CPUE).
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This study aims to present “global law” theories and their 
usefulness, to highlight the role that law and lawyers may 
play for coastal governance to be adapted to climate 
change, whether in terms of constraint or in terms of 
facilitation. Indeed, the hypothesis tested is that global 
law allows to consider the - otherwise invisible - actors 
de facto implicated in the rule-making and implementation 
processes at different levels, from local to global, but 
also the continuum between “soft” (or non-binding) and 
“hard” (or enforceable) law. Ultimately, this study is about 
testing the potential of global law perspective to favour 
interdisciplinary researches on the links between social and 
climate justice. In order to do so, the study mobilizes and 
defines some recent notions, derived from the ecological 
thinking applied to the law. For example, from a legal 
analysis perspective, the notion of « regimes complex » is 
helpful in order to designate the set of norms, actors and 
processes involved in coastal governance, without being 
limited in our study by restrictive legal concepts, such as 
the judicial order, the formal legal value of the norms, or 
the de jure legitimacy of the actors considered. It permits 
to include in the study a sociological reading of a set of 
norms, to understand the circulation of these norms and to 

characterize them according to the actors who carry them. 
If the study has vocation to question its validity in the field of 
coastal governance, it is supported by the broader example 
of adaptation to climate change, but from the narrow point 
of view of Reunion Island.  The methodology of this study 
is also applied to the protection of whales, for the poster 
session (see submission of Stéphanie Sorby). One of the 
results of this work is that adopting the situated point of 
view that global law recommends, inter alia in space and 
time, reveals and, thus, may favour the process framing the 
interactions between various levels, fora and actors of law-
making and lawimplementation in the field of adaptation to 
climate change. Indeed, mapping applicable law to a given 
area or subject matter, like coastal governance, actually 
depends from the point of view of the person answering 
the question, and the normative project he or she carries. 
This study main outcome is that global law helps to reveal 
the “relative” but also “dynamic” characters of the law 
that may frame coastal governance. Therefore, it allows 
to assess the existing normative offer, by referring to the 
sociological framework of justice, to identify accountability 
gaps of de facto powerful actors, and, more fundamentally, 
to focus attention on “connecting needs” to link the issues 
of coastal governance and adaptation to climate change, or 
more broadly the issues of environmental and social justice.
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A long term assessment of catch per unit effort (CPUE) 
provides important information for a sustainable fisheries 
management. It permits to elaborate an appropriate 
strategy and actions according both the improvement 
of income of fishers and to reduce overexploitation of 
halieutics resources. I In the Mahafaly seascape, CPUE 
data was collected since 2015 (until now) on 10 villages 
by 72 persons from local communities. Every 3 days per 
week, information on the number of fishers in activity, 
the types of fisheries (fishes or Octopus) and the 
locomotion mode were collected. In addition, at least 
50% of fishers and at least 20 sampling for Octopus 
fishers were considered, with the following parameters: 
catch per trip, type of transport and the number of 
persons implicated. A decrease of CPUE of fishes and 
Octopus were observed in the area with respectively 
6.65 kg/fishers/trip and 3.03 kg/fishers/trip in 2015 to 
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2.56 kg/fishers/trip and 2.15 kg/fishers/trip in 2018. These 
observations are attributed to the overexploitations of 
halieutic resources in the Mahafaly seascape. In fact, an 
important increase of fishers was observed during the 
five last years. To avoid this overexploitation of these 
resources, the application of sustainable fishing technics 
(materials respecting standard, the implementation of 
reserve for Octopus, community patrol …) and the 
promotion of activity providing source of income (as 
seaweed farming) must be reinforced, and supported at 
national, regional and local level. 

Keys words: CPUE, small scale fisheries, fishes, 
Octopus, Mahafaly seascape
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Seabirds are the most threatened group of birds globally. 
The West Indian Ocean is an important area for seabirds – 
including 20 globally threatened species. Cumulative impacts 
are known to be increasing in the West Indian Ocean 
(Halpern et al. 2015), but specific threats to seabird species 
and their spatial distribution in the West Indian Ocean region 
are poorly understood.  We conducted extensive literature 
reviews for all seabird species (n=360) specifically for 
threats. Threats were classified into predefined categories 
following the IUCN Threats Classification Scheme. The 
timing of the threat, its scope (proportion of the total 
population affected) and severity (overall declines caused 
by the threat) were all scored. This approach ensured a 
systematic and comprehensive assessment of threats to all 
seabird species, and is the first time that Least Concern 
species have been assessed. The top threats identified in the 
West Indian Ocean for seabirds were: invasive alien species, 
hunting/trapping, development, and disease. As a preliminary 
assessment, we then used available data on the distribution 
of these threats to assess the spatial distribution of threats 
within Important Bird and Biodiversity Areas (IBA) in the 
WIO region. We combined these data to evaluate and 
identify priority species and sites for conservation action. 
Understanding threats to seabirds is important in order to 
inform threat mitigation and improve management of the 
marine environment.
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Mangroves are critical ecosystem providing numerous 
benefits and services essential for climate mitigation and 
adaptations. Mangroves have been reported to captures 
more carbon than any forested ecosystem. The highest 
proportion of this carbon (50% to 90%) is stored in the soil 
component. However, this carbon risks being released into 
the atmosphere if mangroves are degraded. Measurement of 
soil carbon pool is critical for determining long-term changes 
in carbon stocks particularly in the face of climate change. 
This study quantified the carbon storage in mangrove soils 
through intensive sampling along the Kenyan coast (Mida, 
Dabaso, Mtwapa, Kibokoni-Kilifi creeks and Gazi and Vanga 
bays). Sediment cores (up to 100cm) were taken in different 
mangroves species formations (Rhizophora mucronata, 
Avicennia marina, Ceriops tagal and Sonneratia alba). Thermo 
elemental analyzer–isotope ratio mass spectrometer 
(EAIRMS) system was used to determine organic carbon 
content (%OC). Overall, the (%OC) ranged from 0.15 to 
13.11% with a mean of 3.99±0.24%. A consistent decrease 
in% organic carbon (%OC) with depth was observed within 
all mangrove species formations (Pearson correlation, p 
<0.01). The carbon stock in mangrove soil ranged from 
80.2 to 567.1 Mg C ha-1 with a mean of 207±110 Mg C 
ha-1. Mangrove soil within Gazi bay recorded the highest 
carbon pool (299.4±60.0 Mg C ha-1) while Mtwapa 
Creek recorded the lowest mean (156.0±31.4 Mg C ha-

1). Rhizophora mucronata formations recorded the highest 
soil carbon pool (262.1±36.7 Mg C ha-1) while Sonneratia 
alba formations recorded the lowest mean (145.9±16.2 Mg 
C ha-1). Considering mangroves in Kenya are estimated to 
cover 61,271 ha, this study estimate mangrove soil stores 
~12.7 Mt of carbon, equivalent to 46.5 Mt of CO2e. This 
study forms a basis for enhancing mangrove conservation 
and restoration in Kenya and beyond particularly in relation 
to carbon offset projects.
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Background 

The health of the world’s coral reefs is deteriorating at a fast 
pace as a consequence of increasing global climate change 
and localised anthropogenic stressors. The substantial 
benefits provided by these ecosystems, economically and 
ecologically, dictate that research is conducted on their 
responses to rising sea temperatures and increasing carbon 
dioxide concentrations. Therefore, the objective of this 
research was to quantify the levels of calcification, growth 
and photosynthetic efficiency in representative South African 
coral reef organisms and communities under average, future 
and bleaching temperatures, i.e. climate change conditions. 
It was hypothesised that the rates of calcification, growth 
and photosynthetic efficiency under current conditions will 
be higher than under future conditions. 

Methods 

Three different climate change scenarios were simulated 
in triplicate mesocosm-based experiments to determine 
the physiological responses of the hard coral Acropora 
appressa and the soft coral Sinularia brassica, collected on 
Two-mile Reef at Sodwana Bay, South Africa. A fragment 
of live rock colonised with a natural microbial community 
and crustose coralline algae (CCA) was included in each 
mesocosm as well, to simulate the balance of the reef 
community.  The first scenario simulated current long-term 
average temperatures at Sodwana Bay, of 24.4°C and acted 
as the control treatment. The second temperature scenario 
simulated the average Reconstructive Concentration 
Pathways (RCP) 4.5 conditions at Sodwana Bay for the year 
2100, at 26.9°C, and the last treatment simulated a bleaching 
scenario at the threshold temperature for the Sodwana Bay 
reef communities of 28.8°C.  The experiment functioned 
as a continuous flow through system with 24-hour fresh 
seawater and temperature controlled digitally by means 
of titanium heaters, a heat exchanger and PT100 probes. 
Water temperatures and pH were monitored in real time 
with a Profilux controller. Individual corals were measured 
and weighed at weekly intervals using a Vernier calliper and 
the buoyant weight technique. Calcification levels were 
determined using the alkalinity anomaly technique (AAT) 
over a 24-hour period in a closed system, with repeated 
sampling according to growth and weight patterns in the 
corals. Pulse amplitude modulated (PAM) fluorometry 
was also performed at weekly intervals to obtain the 
photosynthetic efficiency and maximum quantum yield of 
chlorophyll fluorescence for the corals. 

Results 

The data indicated that the change in total alkalinity 
levels followed a diel cycle in accordance with light and 
dark phases corresponding to processes of accretion 
and dissolution. PAM fluorometry measurements of 
the hard and soft corals displayed the Kautsky effect 
of photosynthesis. Photosynthetic efficiency declined 
under the future conditions of RCP 4.5 and at the 
bleaching threshold temperature. In addition, the growth 
rates were slower under future climate temperatures 
compared to current temperatures. 

Conclusion 

The experiments revealed that prolonged exposure to 
temperature scenarios equivalent to RCP 4.5 and bleaching 
thresholds are deleterious to high-latitude coral reef 
communities from South Africa. Countless people depend 
on the natural resources that coral reef ecosystems 
provide, whether as food or for eco-tourism, trading and 
other income options. The continued existence of coral 
reefs and the substantial benefits they provide are, however, 
threatened globally. Although these coral communities 
lie within a well-known Marine Protected Area (MPA), 
the iSimangaliso Wetland Park World Heritage Site, this 
does not prevent anthropogenic stressors, and thus, 
climate change from occurring. Nevertheless, adaptive 
management strategies can be formulated for these coral 
reef communities which will maximise their resilience. 
Keywords Climate change | anthropogenic impacts | 
management strategies | mesocosms | PAM | AAT
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Background

Village Savings and Loans Associations (VSLAs) are small 
microfinance groups created to facilitate rural people’s 
access to informal community-based financial services. 
Each VSLA group consists of between 15 to 25 people 
from the community. VSLAs are formed based on trust 
between the members, who meet weekly to make their 
savings and take out loans. These loans are accessible 
(affordable and easy to obtain- no bureaucratic 
processes) and with low interest rates. 

Methods 

The Our Sea Our Life project uses VSLAs as a tool 
to support the co-management of marine resources, 
specifically as a way to improve the well-being of 
communities and diversify livelihoods, with focus on 
horticulture, while reducing the pressure on marine 
resources. The project works with 6 vulnerable coastal 
communities in Northern Mozambique, in the districts 
of Palma and Mocimboa da Praia, where 23 VSLAs (466 
members) have been created. The methodology included 
monitoring of VSLA performance and interviews with 
VSLA group members (mostly women). 

Results 

Our results have found that VSLAs are a link between 
community members and comanagement, through 
outreach and facilitating participatory co-management 
activities. Horticulture is an alternative livelihood 
activity to fishing, that also brings many benefits to the 
community, such as reduced dependence on marine 
resources as a source of income, and diversification 
of community members’ diet (by adding vegetables to 
meals) and therefore increase in intake of nutrients. 
Noticeably, it has been mostly women joining VSLA 
groups in OSOL communities, who have reportedly 
experienced a higher impact from the opportunity costs 
of local marine protected areas. Women usually use the 
intertidal zones to collect bivalves, fish for octopus and 
fish using mosquito nets (the latter being illegal). As such, 
VSLAs bring opportunities to make savings from their 
income and to take out loans, which can be used to invest 
in alternative activities for income (and therefore reduce 
the use of unsustainable and illegal fishing methods such 
as mosquito net use). The introduction of VSLAs has 
already seen some examples of livelihood diversification, 
such as small businesses for selling capulanas, selling 
home-made snacks, tea rooms, horticulture (with the 
potential to expand) and others. Our Sea Our Life has 
facilitated and supported the creating of horticulture 
activities through the VSLA groups. In its initial phase 
(one year), OSOL horticulture groups from Quirinde 
and Quiwia (Palma District) have produced around 
1300kg of vegetables (tomatoes, onions, peppers, lettuce 
and cabbage). 

Conclusion 

Among the stories we have collected, we present Ms. 
Biancha Amisse, from Mbuizi and Ms. Fate Momade 
Abede, from Quiwia, both VSLA members and involved 
in horticulture activities. Biancha and Fate told us that 
being part of these two activities simultaneously enabled 
them to improve their homes, increase their income and 
improve their families’ nutrition, and even have managed 
to save enough to buy seeds for the next planting 
season. We conclude that  VSLAs can be linked to the 
reduction of women’s dependence on marine resources, 
particularly to the use of unsustainable fishing gear. 
However, further research is needed to assess the link 
between VSLA participation and reduced pressure on 
marine resources. 

Keywords:  VSLA, co-management, livelihood 
diversification, horticulture, marine resources
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Mozambique is among the world’s ten most impoverished 
nations, and Cabo Delgado Province, including the 
islands of the Quirimbas Archipelago in the Northern 
Mozambique Channel, among its least developed regions. 
Artisanal fishing communities of the area are among 
the poorest of the poor, and rely almost exclusively on 
the health of fisheries and the natural environment for 
their livelihoods. The Northern Mozambican Channel 
is increasingly recognised as one of the world’s most 
biologically diverse coral reef ecosystems. The region’s 
reefs are also uniquely resilient to coral bleaching, 
are highly productive and are relatively unaffected by 
contemporary human impacts compared with many 
other reefs of East Africa. Strategically located at the 
divergence point of the South Equatorial Current, they 
also serve as important source reefs, helping to replenish 
marine ecosystems along the east African coast. With 
one of Africa’s biggest infrastructure developments set 
to begin operation in the region, increasing impacts from 
a changing climate, and growing human populations, the 
unique marine ecosystems of the Northern Mozambique 
Channel are under increasing pressure. Balancing the 
region’s critical need for economic development with 
protection of its natural riches is among Mozambique’s 
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greatest and most pressing challenges.  Solutions to these 
conservation and economic development challenges 
demand innovative thinking, concerted action and 
collaboration across multiple sectors.  We discuss a new 
regional initiative that brings together multiple partners 
including the private sector, not-for-profit organisations, 
local communities and tertiary institutions, with the 
aim of supporting well-targeted research, strategic 
conservation decision-making, and local capacity-
building and empowerment through education and close 
collaboration with local partners and communities
.
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Background and Methods 

Monitoring of coral reefs has become a major tool 
for understanding how they are changing and for 
managing them in a context of increasing degradation 
of coastal ecosystems. The LIT methodology for benthic 
communities associated with belt transects for fish 
(GCRMN protocols) has been used to assess coral 
reef communities through a monitoring environmental 
conducted since 20 years ago. Benthic and fish community 
structure were regularly studied before and after the 
implementation of the Reunion Marine Reserve in 2007, 
providing an overview of the major environmental trends 
affecting the benthic communities on the different coral 
ecosystem for the West coast. 

Results 

The main results of this long-term monitoring show 
trends on benthic cover occurred during the last 20 
years with different population “shifts” linked to specific 
anthropic disturbances or /and global change responses. 
For all stations, algal assemblages became dominant after 
2000 and progressively increase on the reef slope of St 
Gilles, St Leu and Etang Sale. On the over way the South 
sites of St Pierre outer reef slopes show a progressive 

increase of coral cover during 17 years (from 40% in 2000 
to 65% in 2016) 2 dominated by Acropora abrotanoides 
communities, and a slow decrease after 2018. Benthic 
communities become relatively homogenous after 2010 
through the different St Gilles sites.  On outer reef slopes, 
temporal trends are associated with a strong decrease of 
coral cover (from 56% in 1998 to 30% in 2007 and 25% 
between 2008 and 2018) and a progressive shift of coral 
communities characterized by an homogenization of 
species and a decrease of Acropora replaced by Astreopora 
myriophthalma, Pocillopora grandis, P. verruocsa and Porites 
lutea. St Leu outer reef slope sites are characterized 
by high live coral coverage for Reunion Island (75% to 
68% between 2000 to 2008) followed by a small decrease 
during the next period (2008-2016). Local disturbances 
associated to mudslides have been noticed for “La Corne” 
stations during the two last years (42% of coral coverage 
in 2018 for the reef slopes; less than 1% of coral coverage 
in 2019 for the reef flat) showing the sentinel nature of 
these stations affected by anthropic disturbances. For fish 
communities, in all sites they are dominated after 2002 by 
herbivores with more than 60% of individuals censused on 
the reef flat and 40% on the outer slope. Very few piscivores 
were recorded, less than 3% on all sites mainly on MPA 
sanctuaries. Total mean biomass (all areas combined) has 
increased significantly since 2007 (average from 380 kg/ha 
in 2006 to 510 kg/ha in 2013). This trend is explained by an 
increase of biomass on the sanctuaries (5% of MPA surface) 
for surgeonfish (Acanthuridae), groupers (Serranidae) and 
more broadly commercial fishes. Nevertheless fish biomass 
of the Reunion reefs is still low, very far from the typical 
levels of protected areas in the western Indian Ocean such 
as Iles Eparses where the biomass can be 7 times higher 
(eg. Europa). 

Conclusions 

All these results displayed contrasting spatial and temporal 
situations of Reunion island coral reef ecosystems. They 
may be correlated with global change responses and 
several natural disturbances (as hurricanes) associated 
with chronic anthropogenic pressures on coastal zones as 
well as urban and agricultural activities on watersheds that 
affect coral reef communities. In this context, the role of the 
marine reserve is essential to restore reef communities and 
manage human activities that take place there. 
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Background

The Indo Pacific is the largest marine biome on the planet, 
with the highest diversity of tropical marine species from 
coastal seas to the deep ocean. It is a unique marine 
ecosystem of outstanding universal value, but despite the 
rich diversity and high levels of species endemism, large 
gaps exist in our understanding of overall diversity and 
distribution patterns. For benthic communities, much 
emphasis has been placed on fauna associated with coral 
reefs, whilst the full scope of inshore and offshore benthic 
invertebrate communities remains largely unexplored. 
To make a significant contribution to the conservation 
of marine benthic biodiversity within the Western 
Indian Ocean (WIO), an improved understanding of 
both inshore and offshore benthic communities is 
required. During the Second International Indian Ocean 
Expeditions (IIOE2) of 2017 and 2018, the Department 
of Environmental Affairs (DEA), together with institutes 
within the region and beyond, set out to explore coastal 
and deep-sea benthos of the WIO across a range of 
gradients (e.g. depths of 20 – 600 m). 

Methods & Results

Visual surveys using underwater imagery equipment (Ski-
monkey and Drop/Jump camera), as well as the physical 
collection of invertebrate and substrate samples (Dredge 
and Grab) were conducted. On the last expedition of 
2018, a total of 18 stations were sampled in Tanzania 
and nine in the Comoros Islands. In Tanzania, results 
thus far indicate significant differences in invertebrate 
communities according to depth (R = 0.537, p = 0.005, 
ANOSIM). Shallow reaches of between 20 – 80m were 
comprised of more diverse species assemblages including  
Annelida, Echinodermata, Mollusca, Arthropoda, Porifera 
and Cnidaria. In stark contrast, offshore benthic 
communities occurring between 250 – 500 m were 
species poor and made up of Annelida, Echinodermata, 
Mollusca and Sipuncula. These initial findings are further 
supported when examining how community structure 
differs according to substrate type. These same species 
assemblages that divided into two distinct depth zones, 
also differed significantly with substrate type (R = 0.633, 
p = 0.002, ANOSIM) allowing for the identification of 
two habitat types each with their own unique features 
- A shallow habitat type located near the islands 
consisting of coarse sand and shell fragments with a 
diverse community of reef and filter-feeding organisms, 
and a deeper habitat consisting of mud/silt, hosting 
scavengers/detritivores. The visual surveys corroborated 
these findings and provided in situ visuals of the habitats 
occupied by benthic organisms. Bioturbation and river-
borne detritus was evident in offshore stations which 
are home to scavenging crustaceans (prawns, crayfish 
and crabs), and only a scatter of large echinoderms 
(urchins and starfish) and cnidarians (sea-pens and whip 
corals). The diversity seen in shallow reaches was far 
higher with crinoids, sea-fans, whip corals, sea anemones, 
soft corals, molluscs and an array of thriving sponge 
communities. Moreover, the highest benthic biodiversity 
was concentrated around Zanzibar which correlated 
with warmer temperatures, higher zooplankton bio-
volumes and increased ichthyoplankton larvae. For the 
Comoros Islands, novel footage inside the local Marine 
Protected Area (MPA) showed the presence of diverse 
species assemblages including rhodolith beds, giant sea-
fans and sponges (e.g. Xestospongia sp.). These benthic 
habitats are also home to the endangered coelacanth, 
Latimeria chalumnae, primarily found at depths of up to 
500m. Such data can strengthen conservation decisions 
by better informing management practices and decision 
making efforts within the extensive network of MPAs 
that occur within this region. 

Conclusion

The WIOMSA 11th Scientific Symposium will be an 
ideal platform to further establish collaborations 
with institutes in the WIO. Proposed products of 
the IIOE2 expeditions combined will include – (1) A 
comprehensive species list of both inshore and offshore 
benthos, (2) A better understanding of the latitudinal 
connectivity and spatial aspects of benthos in relation 
to processes influencing distribution and abundance on 
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multiple scales – i.e. location, depth, habitat/substrate 
type and oceanographic variables, (3) A more realistic 
ecosystem-driven habitat map using physical, geological, 
chemical and biological conditions, and (4) Further 
details regarding the potential habitats of the popular 
coelacanth species. Most importantly, we aim to establish 
sound and rewarding collaborations with partners and 
institutes within the WIO, all whilst further transferring 
skills and developing capacity via various initiatives (e.g. 
developing local infrastructure, proposed sponge and 
remote imagery workshops). 

Keywords: Benthic invertebrates, Biodiversity, Marine 
Protected Area, Collaboration, Capacity development. 
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Background

Macroplastics (MP) are ingested by various and numerous 
marine species worldwide, including all seven species of 
sea turtles. In the South West Indian Ocean (SWIO), the 
ingestion of MP has been documented for loggerhead 
sea turtles (Caretta caretta). The origins of these MP are 
unknown. It is important to identify their sources in 
order to implement upstream mitigation strategies. 

Methods

Our study investigates the ingestion of MP by 118 
loggerhead sea turtles, from by-catch, entrusted to 
Kelonia turtle care center, between 2007 and 2017. MP 
were quantified and categorized by types and colors 
following the Marine Strategy Framework Directive 
protocol. In parallel, we sampled and classified MP 
from three beaches in Sainte Marie Island, Madagascar. 
We identified brands and labels of each MP from both 
sea turtles and beaches in order to assess geographical 

origins. To validate the MP’s origins, we analyzed the 
trajectories of Lagrangian dispersal model particles 
released at significant global sources of MP, and advected 
sea surface current model outputs from the ocean 
circulation model HYCOM. 

Results

Most MP ingested by loggerhead sea turtles (87.06%) 
and stranded on beaches (96.33%) were composed of 
“hard plastic” debris. Visual clues of brands and labels 
collected in our samples suggest that Southeast Asia, 
particularly Indonesia, are likely to be the main origin of 
these MP. The dispersal model confirmed these results 
and highlighted South Africa as another potential source 
of MP in the SWIO. 

Conclusion

MP represent a major threat for marine species, in 
particular for sea turtles as reported by this study. The 
proportion of “hard plastics” found in sea turtles and 
beaches seems to reflect the high quantities of plastics 
used in human society. The origins of MP show us that 
it is important to treat the marine pollution problem 
upstream. This study demonstrates that reducing risks 
of ingestion of MP by marine species in the SWIO will 
require the combined effort of several countries around 
this oceanic basin. This is the first study that links sea 
turtles, macroplastics and a particle dispersal model. 

ORAL – Wednesday, G2, 1600
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Whale-watching (WW) is a nonlethal human–wildlife 
interaction that has experienced a drastic growth around 
the world over the past several decades. This activity 
represents a major socioeconomic value, in particular for 
the tourism sector in many countries. Moreover, WW can 
play an important role in ocean conservation by improving 
the public’s attitude towards marine environments. 
However, WW can have negative effects on targeted 
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cetaceans’ population with detrimental consequences on 
the population viability which, in turn, may affect the whale-
watching industry itself. Behavioral responses of cetaceans, 
in particular in humpback whales (Megaptera novaengliae), 
to whale-watching activities have gained more attention 
recently as this species is recovering from past commercial 
whaling and is frequently targeted by the tourism industry 
on both foraging and breeding sites worldwide. However, 
little attention has been given to responses of breeding 
humpback whales to swim-with whale activities (SWW). The 
aim of this pilot study is to develop a behavioral ethogram 
for humpback whales (HWs) and to investigate the effects 
of SWW on whale behavior. During the humpback whale 
breeding season between June and October 2018 in Reunion 
Island (south west Indian Ocean), we recorded numerous 
agonistic behaviors by humpback whales directed towards 
swimmers and vessels. We scrutinized underwater videos 
and also above-water videos acquired from unoccupied 
aerial vehicles (UAS, drones) obtained from various 
sources: social media outlets, commercial whale-watching 
operators and audiovisual professionals. Based on whale 
behaviors recorded on videos during interactions with WW 
activities, and previously documented HW behaviors during 
competition with conspecifics or during predation events, 
we defined a specific behavioral ethogram which included 
a description of agonistic behaviors. Shortterm behavioral 
responses of humpback whales with swim-with-whale 
activities were assessed through the occurrence of agonistic 
whale behaviors. These behaviors were classified and ranked 
according to their probability of occurrence during the 
interactions.  Data on the occurrences of HW behaviors 
were collected using a focal-animal continuous sampling 
method. Finally, we analyzed swimmer characteristics and 
behaviors and determined what factors elicited humpback 
whale agonistic behaviors during human-whale interactions. 
In reviewing videos available online and in the scientific 
literature on HW behavior, all documented agonistic 
whale behaviors were recorded during competition with 
conspecific or during predation events. To our knowledge, 
prior to this pilot study, no agonistic behaviors by HWs 
directly toward swimmers have been previously described 
in detail in the scientific literature. We found 59 videos 
posted online of humpback whales recorded off Reunion 
island during the 2018 breeding season. Recordings lasted 
between 23s and 260s (mean±SD = 71.1±29.1s). The 
majority of the recordings (n=40; 68%), SWW activities 
targeted mother and calf groups resting at the surface. 
49% of videos contained agonistic behaviors during SWW 
activities and 52% when considering the mother and calf 
groups alone.  Agonistic behaviors were categorized as “Pec 
shear” (i.e., oscillating movements with a pectoral fin) and 
was recorded in 57.5% of videos. ‘Queuing” (i.e., oscillating 
movements with fluke) occurred in 25% of videos, “Charge 
load” (i.e., a whale positions itself in front of another 
individual and swims rapidly towards it) in 20% of videos 
and “Pec trash” (i.e., a whale slices energetically the water 
with its pectoral fin) in 2.5% of videos. In 55.9% of videos, 
the interaction between swimmers and whales ended 
by avoidance behavior by the whale. In this pilot study 

we show that agonistic behavioral responses by whales 
towards humans were frequent during SWW in Reunion 
island during the 2018 breeding season. An increase in 
the frequency of maternal agonistic behaviors during the 
season is suggested in some individuals as a result of WW 
pressure and male escorts “harassment” on mothers and 
calves. The use of social media outlets as a platform for 
data collection may help to better understand humpback 
whale behaviors during interactions with the tourism 
sector. Understanding HW behaviors during humanwhale 
interactions is an essential step towards sustainable 
development of this activity. In order to guarantee human 
safety as well as to develop pedagogical and educational 
tools to inform the general public and raise awareness 
on cetacean conservation. Future research should aim to 
more accurately assess short-term impacts, by setting up 
an experimental protocol, in order to evaluate and quantify 
the long-term consequences of this activity.
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Coral reef fish biomass is associated with species diversity 
and a variety of other ecological roles that influence reef 
ecology and fisheries sustainability. Ensuring that fish 
biomass does not fall below critical levels is an effective 
way of maintaining ecological services. Biomass reaches 
high levels in wilderness seascapes, less so in fisheries 
closures, and even less in accessible reefs depending on 
gear restrictions. Here, the status of fishable biomass in 
the WIO region is evaluated utilizing predicted data based 
on models developed from 563 empirical sites. Empirical 
biomass in remote areas (>9 hours travel time) had a mean 
of 1840 kg/ha (1480;2200 kg/ha, 95% lower and upper 
confidence intervals) whereas high compliance closures 
had a mean of 990 kg/ha (810;1170 kg/ha). Reefs with gear 
restrictions had a mean biomass of 816 kg/ha (940;690 kg/
ha) while those with no restrictions had a mean of 510 
(340;670 kg/ha). Best-fit models of biomass using forward 
stepwise regression analysis found, in remote wilderness 
areas that gravity to nearest city, wave energy and relative 
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latitude explained 45% of the variance. In high compliance 
closures, travel time to nearest city, photosynthetically 
active radiation, chlorophyll-a, wave energy, net primary 
productivity and gravity to nearest population were most 
important and explained 49% of the variance.  A total of 878 
random coral reef sites were generated using the dismo 
package in R for purposes of predicting biomass values in 
the WIO. Predicted values were then used as a wilderness 
baseline in the absence of humans by setting zero values 
for gravity and travel time to evaluate the status of fishable 
biomass in the region. Based on the remote baseline model, 
our results show that, in the absence of humans, the mean 
predicted biomass value for the WIO would be 2000 kg/ha 
(1820;2130 kg/ha). Consequently, the fish biomass has been 
reduced to 25, 40, and 50% of pre-human levels depending 
on management restrictions ranging from none, to gear, 
to closures, respectively. Based on these findings, better 
management is needed to protect species and achieve 
sustainable fishing. 
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Achieving sustainable fishing is one of the primary 
objective for Sustainable Developments Goals-14 
to change trajectory of humanity by 2030. Different 
measures may be put in place such as creating government 
and community closures, controlling effort, strengthening 
enforcement or through subsidies such reducing cost 
of fishing. In 2010, the Kenyan government voted in 
a new constitution which saw creation of different 
levels of government including the Counties. Achieving 
sustainable fisheries was among the main goals of coastal 
counties. Consequently, Kilifi and Mombasa counties 
invested in closures and innovative gear technology like 
gated traps whereas Kwale county invested in reducing 
fishing effort through net subsidy. Therefore, the study 
aimed at evaluating the outcomes of the two types of 
investments from the counties. The study employed a 
Before and After and Control and Impact (BACI) design 
whereby we had before (2010-2014) and after (2014-
2017) subsidization of nets by Kwale county.  A total 
of 7 sites in Kwale and 6 sites in Kilifi and Mombasa 
were evaluated for differences. Kilifi and Mombasa 
counties were pooled during the analyses. We evaluated 
for differences in effort, catch size, catch per unit effort 
(CPUE), yield, income and revenue in a coral reef fishery. 

We measured a total of 325 nets ranging between mesh 
sizes 0.7 and 48.4cm. There were 5.0 (SD 2.3) fishers 
in closures study sites and 6.3 (SD 3.6) fishers in net 
subsidy sites annually over the 8 years. The mean sizes 
of fish increased by 9% in net subsidy sites whereas the 
catch of smaller fish increased by 4% in closures sites. 
However, 43% of the nets in net subsidy sites caught fish 
at recommended lengths to optimize yields contrary 
to 71% of the nets in closures sites. Subsequently, the 
overall CPUE, yield, income and revenue declined in net 
subsidy sites while it increased in net closures sites. For 
example, CPUE and yield declined by 3% and 11% in net 
subsidy sites and increased by 15% and 28% in closures 
sites respectively. The revenues declined by 9.7% in net 
subsidy sites and increased by 24.2% in closures sites. 
Evaluations for the net subsidy impacts against other 
fishing gears in the fishery showed varied outcomes but 
mainly handline and trap fishers were affected the most. 
For instance, on average 57% to 87% of the net subsidy 
sites using handline and traps experienced declines in 
CPUE, yield and income after net subsidization program. 
Income per fisher per day declined by 40 shillings in net 
subsidy sites while fishers in closures sites earned 60 
shillings more. Investing in subsidies such as reducing 
fishing cost through nets did not achieve the main goal 
of sustainable fisheries. Although, fishing effort did not 
change, the profits declined in the gear and associate 
gears. Investments towards closures and innovative gear 
technology improved the fishery however there is need 
to increase the mesh sizes of 29% of the nets that landed 
fish below recommended lengths to optimize yields. 
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Background. 

Marine protected areas (MPAs) are one of the best 
strategies to conserve habitats, and their biodiversity 
and to protect fished species, but are expected to 
achieve an increasingly diverse set of conservation, social, 
and economic objectives. Most nations have agreed to 
protect at least 10% of marine and coastal zones by 
2020, and scientists are now recommending that 30% 
of marine areas be protected within MPAs. However, 
beyond area covered, global studies indicate significant 
shortfalls in MPA management effectiveness. Because 
MPAs are subject to external influences (e.g. climate 
change, pollution, harmful algal blooms, and fishing around 
MPA boundaries), science-based management is critical 
to ensure that promised ecological and social benefits 
are achieved. For tropical reef systems, effective MPA 
management is especially important as the vulnerability 
of coral reefs is expected to increase with increased 
human impacts and climate change. Already global 
estimates indicate that approximately 34% of reefs have 
already been destroyed or show signs of collapse.  In the 
Western Indian Ocean (WIO), there are more than 100 
MPAs that were established to maintain intact systems in 
a region with intense small-scale fishing and sometimes 
limited fisheries management or enforcement. However, 
reviews of WIO MPAs have found many MPAs have unclear 
management objectives, are using ad hoc decision making, 
lack systems for demonstrating effectiveness, and have 
low capacity for dealing with uncertainty. This is despite 
significant emphasis on training and capacity building of 
MPA staff in the WIO. Thus, increasing science-based 
management capacity remains a regional priority. There 
remains a disconnect between scientific knowledge and 
conservation action within MPAs. One of the challenges 
in adoption of evidence-based management of MPAs in 
the WIO is that trainings focusing on individuals may 
not lead to institutional uptake of new approaches and 
tools. Over the last decade, and with WIOMSA support, 
a group of WIO MPAs in Kenya, Tanzania, and Seychelles 
have worked together to develop an evidence-based 
management approach known as SAM: Strategic Adaptive 

Management. SAM is an approach intended to help MPAs 
in collecting and reviewing information on MPA and 
resource status, evaluating progress toward meeting 
targeted objectives, strategically aligning management 
action with identified needs, and then evaluating 
impact of actions on MPA status in an adaptive cycle of 
learning. MPAs using SAM have made significant strides 
in understanding and using science. For example, over 
the last 10 years, MPAs have monitored habitats monthly 
and greatly improved understanding of MPA systems. 
However, MPA staff are still expressing challenges in 
completing the learning cycle and truly moving toward 
strategic and evidence-based management where 
decisions are driven by empirical evidence. 

Methods 

In January 2019, the SMART Seas Network (support 
group for SAM) and The Nature Conservancy convened 
a working group of fifteen experts to determine key 
MPA capacity needs to achieve evidence-based decision 
making in the WIO. The experts represented two 
WIO MPA management institutions (the Seychelles 
National Parks Authority and the Tanzania Marine 
Parks & Reserves Unit), four regional and international 
universities (Technical University of Mombasa, 
Pwani University, Stanford University, and Macquarie 
University), four regional and international non-
governmental organizations (The Nature Conservancy, 
Blue Ventures, COMRED, and the Northern Rangelands 
Trust), an ecological consultant, and the UN Environment 
Programme. The experts critically reviewed the adaptive 
and evidence-based management cycle and evaluated 
its use in the WIO over the last decade. They discussed 
and listed successes and challenges in application of 
the approach. The experts then determined what key 
competencies are required to carry out the SAM cycle 
within MPA management institutions and identified where 
regional MPAs still require strengthening. In addition, focal 
areas were identified where scientific support is needed 
to strengthen MPA management. The expert working 
group resulted in process agendas for a targeted training 
for advanced SAM practitioners. The trainees who meet 
course criteria and pass the advanced practitioner training 
can then serve as peer trainers and share the evidence 
based approach within and across MPAs. 

Results

Successes in application of the SAM approach include 
improved understanding (e.g. of the scientific process 
and MPA ecological and social systems), new skills (e.g. 
swimming, basic graphing, and species identification), 
adoption of new processes (regular monitoring, 
community engagement, decisions based on system 
observations), new values and mental models (self-
description as conservationists, ownership of MPA status, 
value of inclusive decision-making), and some improved 
outcomes (e.g. access to diverse funding sources, recovery 
of seagrass beds, reduction of beach trash). Challenges 
range from institutional barriers (e.g. staff turnover, lack 
of finances, inconsistent incorporation of evidence-based 
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thinking by leadership), to lack of skills (e.g. adequate 
quantitative skills, monitoring quality/consistency, 
leadership and communication), to inadequate connectivity 
with researchers (e.g. higher-level scientific input, 
fisheries science, social science), and system challenges 
(increasing social pressures and environmental threats). 
The working group determined that asking a single MPA 
manager to master all core competencies required to 
conduct evidence-based and adaptive management may 
be challenging given current observed MPA capacities. 
The group thus broke down competencies into three 
key areas where practitioners could specialize and a suite 
of cross cutting themes which all practitioners should 
master. The core competencies are: strategic planning and 
decision making, marine monitoring, data management 
and analysis. The cross-cutting skills relate to leadership, 
communication, and meeting facilitation. We present 
results of this global and regional expert working group 
on content areas within each key area in terms of basic 
skills, knowledge, and terms to be mastered. The expert 
group determined that if MPA managers across different 
institutional ranks can achieve high level skills in cross-
cutting competencies and in one of the three specialty 
areas, if each MPA had at least one specialist in each area, 
and if the MPA system adopts a collaborative culture, 
there will be a high-level likelihood system improvement 
in evidence-based and adaptive MPA practice. 

Conclusions

Adaptive and evidence-based management is a 
globally recommended best practice for ecosystem 
management and MPAs. However, achieving effective 
MPA management has proved challenging. We identified 
the key skill and knowledge areas that still need building 
in the WIO. By compartmentalizing core skills, having a 
few specialists as experts in each skill area, and ensuring 
a culture of peer-to-peer learning, WIO MPAs can 
become global models of success.
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Background 

Across the Western Indian Ocean (WIO) coastal 
communities are increasingly assuming responsibility 
for nearshore resources under a system of community-
based natural resource management (CBNRM). This 
catch-all term refers to any initiative where control of 
natural resources is devolved to the local community 
level, although often with support from government or 

NGOs under co-management arrangements, improving 
households’ access to and management of those resources. 
Community-based natural resource management 
initiatives are widely promoted as a strategy that aims 
to conserve biodiversity, while simultaneously enhancing 
rural livelihoods. In the context of marine resources, 
CBNRM measures may include periodic fisheries closures, 
no-take zones, species-specific reserves and permanently 
closed, fully protected areas. Whilst CBNRM initiatives 
are recognised as providing effective solutions to many of 
the challenges of small-scale management often faced by 
fishing communities in developing countries, such as access 
to the economic benefits of sustainable resource use and 
security of tenure over marine areas and resources, they 
are often developed in isolation, with little communication 
and coordination between support organisations or 
implementing communities. 

Methods and results 

To facilitate shared learning between communities 
and supporting partners Blue Ventures, a UK-based 
marine conservation NGO, is working to catalogue 
the landscape of CBNRM efforts in the WIO. To date 
over 250 initiatives have been identified, catalogued 
and mapped in southern Kenya and Tanzania in the 
first round of data collection, with efforts expanding to 
include CBNRM initiatives in northern Mozambique and 
Comoros.  Detailed information on the type of resource 
management being implemented by communities, the 
area over which it is applied and the functionality of 
each CBNRM initiative is being recorded in a database. 
This is in addition to information on the governance 
mechanisms being used to support management 
decisions and other supporting initiatives, such as 
livelihood diversification. Data have been collected 
from academic papers, Blue Ventures’ unpublished 
data, interviews, field trips and publicly available online 
sources. The paucity of existing centralised databases, 
difficulties and restrictions in accessing and sharing data, 
and a lack of available information on CBNRM initiative 
effectiveness have impeded data collection; however, 
the database constitutes the largest collective record of 
community-led marine resource management efforts in 
the region to our knowledge. 

Conclusion 

It is hoped that this database will form the first step in 
sharing information between these community initiatives, 
and could be a useful tool for supporting further 
discussions around the need for learning networks as 
a platform for sharing knowledge and lessons learnt on 
CBNRM governance and management. This presentation 
will introduce the motivations behind the project, 
discussing the potential applications of the database to 
supporting CBNRM development in the WIO and other 
coastal regions, and how it contributes to Blue Ventures’ 
wider efforts to rebuild tropical fisheries with coastal 
communities. The database will be exhibited during 
the presentation in the form of live, interactive maps, 
accessible to all conference attendees. 
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and Coasts, Private Bag x2, Roggebaai 8012, Cape Town 
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The marine environment is heterogenous and living organisms 
tend to be patchily distributed in terms of abundance and 
diversity. Given their potential in terms of biodiversity 
conservation or maintaining natural processes (especially 
in the light of predicted climate change effects), identifying 
species “hotspots” and determining which factors govern 
and maintain them is a growing area of marine research. 
We used species distributional data (presence-absence) to 
assess biodiversity patterns of sponges in two large marine 
ecosystems (LMEs), namely the BCLME (Benguela Current 
LME) and ASCLME (Agulhas Somali Current LME) on either 
side of southern Africa, and to identify sponge hotspots in 
terms of species richness and other diversity measures 
(entropy and evenness). Generalized Additive Models 
(GAMs) were used to predict the diversity measures from 
available predictors, namely depth, latitude and longitude. 
The predicted biodiversity patterns were assessed in 
terms of whether they conformed with the predictions 
of theoretical models, including Rapport’s rule, the Mid-
domain effect and Peninsula effect. Species turnover was 
greatest at the southern extreme of the study grid. i.e. in 
the vicinity of Cape Point at the boundary between the 
Southern Benguela and Agulhas ecoregions. However, the 
predicted species richness pattern was contradictory to 
Rappoport’s rule (stating that species’ range sizes decrease 
towards lower latitudes) therefore this theory was not 
upheld across the latitudinal gradient of this study. The 
relationship between species richness and the predictors 
was inconsistent between countries, but generally hotspots 
of species richness were associated with shallower waters 
and cooler temperatures. We considered the relevance of 
the predicted sponge biodiversity patterns in particular the 
hotspot areas for spatial biodiversity conservation in the 
two LMEs.

ORAL - Monday, G1, 1120 

Assessment and monitoring of coral reef using 
hyperspectral and multispectral data: application 
to ecological indicator implementation for reef 
conservation and management 
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Background 

Coral reefs are facing increasing environmental pressures 
along with anthropogenic stressors and disturbances, 
leading to a worldwide degradation of their status. There 
is an urgent need for developing adequate tools to assess 
reef state and resilience at large scale. This can greatly 
help to propose adequate management strategies for 
coral reef degradation mitigation and promoting reef 
resilience. 
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Methods 

Using a spatial approach based on high resolution 
multispectral and hyperspectral image analyses, the 
present study aims at drawing, for the first time, a 
baseline of current coral reef structure and status in 
a highly heterogeneous shallow reef flat in Reunion 
Island (SouthWest Indian Ocean). We first developed 
an automatic image processing methodology which 
could be repeated over time to extract accurate spatial 
quantitative metrics on benthic coral reefs. Geometric 
and atmospheric corrections were performed prior to 
image processing. Benthic cover estimates were derived 
from airborne hyperspectral image processing using water 
column correction and unmixing models implemented 
with the four main coral reef benthic components: corals, 
algae, seagrasses and sand. Coral reef health status was 
evaluated through both coral cover estimates and a new 
index called Hyperspectral Coral to Algae Index (HCAI), 
defined as the ratio of living coral cover to the sum of 
living coral and algal covers. Ground truth data acquired 
simultaneously were used to validate processing accuracy. 
A significant positive correlation was obtained between 
coral cover recorded in situ and estimated from image 
analysis. We then illustrated, through a diachronic analysis 
between 2009 and 2015, the value of hyperspectral and 
multispectral imagery in quantifying spatial-temporal 
changes of benthic components for metrics extracted 
using the developed method. 

Results 

Our results reveal an overall decrease of the HCAI 
index and percent cover of all the dominant coral classes 
along the reef (e.g., -28.24% for the coral class), while 
habitat classes dominated by algae strongly increased 
during the period. The comparison of HCAI with the 
“live coral cover” extracted from Global Coral Reef 
Monitoring Network (GCRMN) stations showed 
similar trends although these two approaches differ 
fundamentally in many aspects regarding spatial and 
ecological scales (resolution, parameters measured, 
precision of the information obtained). Local and 
highfrequency measurements, as conducted by GCRMN, 
can be supplemented with broader spatial measurements 
of habitat dynamics and fragmentation through low-
frequency spatial monitoring. This Spatial approach is also 
more suitable for describing natural patterns emerging 
from a range of gradients. 

Conclusion 

Remote sensing analyses based on hyperspectral spatial 
approach, as developed in this particular study, opens 
new perspectives for coral reef monitoring, which have 
profound implications for coral reef management and 
conservation in the light of rapid environmental changes.
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Northwest Madagascar : Historical Dynamics, 
Current Status and Deforestation Mitigation 
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Madagascar contains the fourth largest area of mangroves 
in Africa and represents approximately 2% of the global 
distribution. However, Madagascar’s mangroves have 
been heavily degraded/deforested because of increased 
harvests of charcoal, timber, expansion of agriculture 
and aquaculture. Especially, in Ambaro and Ambanja 
bays (AAB), in the northwest of Madagascar, at over 
24,000 ha, approximately 20% of the forest have been 
lost since 1990, driven primarly by over-harvesting for 
charcoal and timber. Therefore, this study provides an 
historic dynamics of the AAB mangroves and carbon 
stock assessement and mitigation strategies being 
implemented for sustainably manage of mangrove in the 
AAB. For the historical dynamics and current state of 
the mangroves, cartographic analysis and satellite image 
processing were realized contrariwise, tree inventory 
and soil sampling were carried out for assessing carbon 
stocks in the mangroves. In addition, allometric equations 
were used for the quantification of carbon stored in 
the biomass while soil organic carbon was determined 
in the laboratory by Walkley-Black method. As a 
result, three classes of mangroves were defined and a 
loss of 7 659 ha (23.7%), a gain of 995 ha (3.1%) and 
persistence of 24 669 ha (76.3%) of mangroves within 
AAB from 1990–2010. For both soil and biomass, tall-
stature closed-canopy mangroves had higher average 
carbon value of 424,7 Mg ha-1 (±20,5 n=22) compared to 
open-canopy I and open-canopy II mangroves which had 
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average carbon values of 322,4 Mg ha-1 (±21,2 n=22) and 
184,5 Mg ha-1 (±31,6 n=22). This research confirms that 
substantial deforestation is ongoing in AAB. To combat 
this loss, the Blue Forest project within Blue Ventures 
(BV), in partnership with local communities, is working 
to protect, restore and encourage the sustainable use of 
mangroves including efforts on verified carbon standard 
(VCS) registration for carbon credits to help maintain 
and diversify local livelihoods. 

Keywords: Madagascar, AAB, Mangrove, Dynamic, 
Carbon stock, VCS, Carbon credit.
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Background

The genus Caffrogobius consists of seven nominal Western 
Indian Ocean species, six of which (C. agulhensis, C. caffer, 
C. gilchristi, C. natalensis, C. nudiceps and C. saldanha) occur 
in the southern Africa region (Mozambique to Namibia). 
There’s a high degree of morphological similarity within 
the genus such that the identification of species using 
existing dichotomous keys posed a challenge. The 
present study aims to review the relationship among the 
six southern African Caffrogobius species using molecular 
analyses.. 

Methods

Specimens were collected in estuaries/rivers and marine 
tide pools in South Africa with the total number about 
45 sites. DNA sequence data sets were generated for a 
fragment of two mitochondrial regions, cytochrome b 
(cyt b) and cytochrome c oxidase I (COI) genes. These 
sequences were analysed to estimate divergence distance 
between species and construct a maximum likelihood 
phylogenetic tree to assess the relationship among these 
species. 

Results

The phylogenetic tree showed a monophiletic genus 
Caffrogobius with five strongly supported main clades 
representing the six species. Four of these clades 

represented C. caffer, C. natalensis, C. nudiceps and C. 
gilchristi and the fifth main clade represented C. agulhensis 
and C. saldanha. The sequence divergence between 
the first four species was high enough to suggest that 
these are different species.  Although C. agulhensis and C. 
saldanha were grouped in separate subclades, the genetic 
distance between them was very low. This suggests 
that this group might have evolved within a relatively 
short time period and have not yet been sorted into 
unique lineages. It is, however, also possible that our 
identifications of C. agulhensis were incorrect and this 
species has not been collected in any of our sampling 
activities so far. Caffrogobius natalensis, an estuarine 
species that is restricted to the warm temperate region 
of southern Africa, was basal in the genus being sister to 
all the other taxa. This suggests that the last common 
ancestor of the genus probably occupied estuarine 
systems, subsequently diverging into several species 
adapted to new habitats in the coastal and marine 
environment. 

Conclusion

The sister group relationships between euryhaline and 
marine species and the absence of a single origin for the 
marine species support a scenario of repeated events of 
isolation and invasion of the two habitats probably due 
to sea-level changes. 
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In Madagascar, we recently studied the phenology of 
the epiphytic alga polysiphonia sp. that infests the farmed 
Kappaphycus alvarezii. Sediments or artificial substrata 
like canoes, stakes, ropes and floats used by farmers 
were suggested to be reservoirs for EFAD (Epiphytic 
Filamentous Algal Disease) agents. The aims of the 
present work were to know if the EFA in Madagascar 
is a single species and to track the EFA through DNA 
signatures in the sediments and artificial substrata used 
by the farmers. All the epiphytes form a monophyletic 
clade well separated from the rest of the Neosiphonia 
and polysiphonia species. Our results support the view 
that the EFAD in Madagascar is caused by one single, 
new species of Polysiphonia. Polysiphonia DNA was found 
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in 12 out of the 17 samples of artificial substrata (boats, 
canoes, floats or ropes), the last five last samples included 
DNA signatures attributed to Neosiphonia collabens. At 
the opposite, all the attempts made to detect DNA 
of Polysiphonia spores in the sediments failed that is 
probably due to the too low detection level of the DNA 
tracking method we used. Also, as the malgachian EFA 
forms a clade well separated from all the other agents 
of EFAD in the world, either the EFA has been imported 
only once in Madagascar with some foreign plants or 
instead it has developed from a native Polysiphonia living 
on rocky shores. 

Keywords: Kappaphycus alvarezii, Epiphytes polysiphonia, 
Neosiphonia, DNA.
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Protected areas in Zanzibar, Tanzania are classified as 
marine conservation areas (MCAs), and they are managed 
with focus on their human inhabitants and are designed 
for integration of communities in their decision making 
structure-even the use of the term “Conservation Area” 
instead of “Protected areas” indicates the multiple use 
nature of these reserves. The MCAs provide benefit by 
maintaining the habitat condition of the area and through 
spillover of fish to the adjacent areas. However their 
management is complicated by the fact that they have 
people living within them, who are not wholly restricted 
from resource extraction activities. The Zanzibar 
Government has established five MCAs, covering most 
of the coastal area around the islands. However, little 
is known about how fishers perceive these protected 
areas, a factor which is critical in ensuring compliance 
with MCA rules and regulations.  A study was undertaken 
to examine the perception of fishers on the fisheries 
benefit from Tumbatu Marine Conservation Area and 
Menai Bay Conservation Area, Unguja Island. A total 
of 205 fishers and household communities involved in 
fisheries activities were interviewed using questionnaire, 
semi structured interviews and key informant interviews 
and their respondents were used to collect data. Almost 
half of the respondents were involved in conservation 
activities in the MCA and report varied benefits 
obtained from it. Weaknesses were observed mostly in 
the monitoring and control of the MCAs. Additionally, 
a significant percentage of the respondents from the 

north and a few from the south stated that they are 
totally unaware of the MCAs and are not involved in any 
conservation practices. They are in need conservation 
knowledge and government assistance in patrols, fisheries 
subsidies and law enforcement where necessary. General 
recommendations from the study includes sensitizations 
of the local community on conservation practices, 
involvement of the village/shehia fisheries committee in 
decision making, close follow up on law enforcement by 
the government and use of scientific information in the 
selection of the area and time for periodic reef closures 
where applicable. 

Keywords: Marine Conservation Area, Perception.
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Background

Nearly half the world’s small-scale fish workers are 
thought to be women, yet their contributions have 
been systematically discounted and undervalued. As a 
result, the diverse roles women play and their potential 
impacts upon small-scale fisheries remains poorly 
understood. This study aims to readdress the present 
gendered knowledge gap in small-scale fisheries through 
baseline data collection and mapping of existing women’s 
organization groups in Tanzania’s Inland and Marine 
fisheries. Mapping women’s organizations is intended to 
fulfill both scientific and policy needs by simultaneously 
addressing the present gendered knowledge gap in 
fisheries research and supporting the implementation of 
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the Voluntary Guidelines for Securing Sustainable Small-
Scale Fisheries in the Context of Poverty and Food 
Security,2014 (SSF-Guidelines). Tanzania is one of the 
first countries that has taken initiative to implement the 
SSF-Guidelines with an explicit focus on gender, which 
is one of the five thematic areas of the SSF-Guidelines. 
However, how to initiate effective practice in gender 
equitable policy reform is a major challenge, given the 
lack of sex-disaggregated data—where fishermen are 
key unit of measurement and women are largely invisible. 
Through a series of multi-stakeholder workshops on 
the SSF-Guidelines in Tanzania, mapping was identified 
as a tool to gather baseline information on women’s 
organizations and identify current gaps and opportunities 
to better support women in small-scale fisheries. 

Methods

To implement mapping on a national scale, nine coastal 
and five inland regions considered critical to small-scale 
fisheries were identified by the National Task Team. In 
each region, one project team member worked with 
local regional and district authorities to identify existing 
women’s groups in small-scale fisheries. Where possible, 
30% of group were randomly selected and interviewed 
to create a profile of their organization. However the 
presented results is from two Coastal ditricts incuding 
Kilwa and Kibiti. To conduct the mapping activity with 
each group, five representatives including members 
of the executive committee and regular members 
were collectively interviewed during focus group 
discussions. Collective interviews covered a range of 
group-level attributes using a semi-structured survey 
tool, capturing information on the organization’s scale, 
history, registration status, current membership, and 
primary fishery activities. The survey also covered 
different forms of external support groups received, 
their accomplishments, and key needs. Lastly, the 
survey elicited the group’s perspective on whether and 
how gender inequalities impact their work and their 
feedback was sought on the potential value of different 
proposed policy measures to support women in the 
sector, including forming a national-level platform for 
women and establishing a gender desk at the ministry 
of fisheries. Group members discussed questions and 
reached consensus, or in certain cases, the presence of 
multiple opinions were noted. 

Results 

Results indicate that women have managed to form 
and sustain groups in both coastal and inland fisheries 
in all regions despite the absence of any overarching 
top-down efforts to organize them at the ministerial 
level. However, regional variations in group-level 
characteristics were present, including group origins, 
size, and operational structure. External support for 
groups was geographically uneven, where on average 
groups insome regions have historically received more 

initial and ongoing support from the government and 
technical partners than others. While women are often 
characterized as working exclusively in the post-harvest 
sector, we observed that women are present and 
organized along the value chain in the coastal regions 
and focus on a range of different aquatic resources. The 
capacities and needs of groups varied by region and focal 
species, indicating the necessity of different interventions 
tailored to the region and subsector. The history and 
status of gender relations were not uniform across inland 
and marine fisheries or by region, indicating that there is 
no singular experience or challenge that women face in 
relation to men in small-scale fisheries.  Rather, gender 
relations are geographically and historically specific and 
require more nuanced forms of attention in order to 
support women and achieve more gender equitable 
fisheries policy in practice. 

Conclusion

This study aims to address the cycle of marginalization 
identified by the recent FAO handbook on gender and 
small-scale fisheries, where a lack of sex-disaggregated 
data and wider understanding of the value and 
contributions of women in the sector leads to gender-
blind policymaking, translating into inadequate funding 
and support for parts of the sector where women are 
concentrated, and increased marginalization and precarity 
for women.  Women in Tanzania’s fisheries are critical 
to a sustainable and viable fisheries sector and national 
food sovereignty, yet they have not been fully included 
as equal and valuable partners. If small-scale fisheries are 
going to continue provisioning sustainable sources of 
food, we need to attend to both the ecological and social 
sustainability of these systems. This study contributes 
needed information towards this goal, helping fill the 
present knowledge gap on the diversity of women in 
fisheries in Tanzania with specific policy applications.
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The critical situation of coral reef ecosystems claims towards 
a rapid improvement of techniques to better characterize 
their structure and dynamics, in order to implement efficient 
conservation measures. This implies a better understanding 
of the relationships between ecosystem function and 
associated biodiversity. Structural complexity of habitat has 
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become a main focus in coral reef studies, as habitat structure 
plays a key role in the dynamics of reef communities. 
Indeed, biodiversity and biomass are strongly linked to this 
important feature. Since the early 60’s, reef ecology has 
used two-dimensional tools to assess the structure and 
function of coral reef communities and habitats. Thanks to 
new technologies and advances in computer performances 
in the last decade, a new generation of tools emerged, like 
Structure-from-Motion (SfMphotogrammetric technique), 
allowing innovating three-dimensional (3D) assessments. 
This technique allows a fine quantification of structural 
complexity and the accurate temporal monitoring of its 
potential changes. In this talk, we present the results of 
the first study using underwater SfM applications on coral 
reefs of the South West Indian Ocean (SWIO) to examine 
the relationships between fish assemblages and habitat 
structure among contrasting sites in terms of human 
impacts and substrate types. The major question addressed 
is: Can differences in habitat structural complexity explain 
the variability of associated fish biodiversity? The present 
study also contributes to establish a baseline for monitoring 
ecosystem state and function. Simultaneously, 3D models 
are used as a powerfully and effective communication 
tool, in order to increase popularity of underwater SfM 
applications in coral reefs’ studies, management and/or 
awareness programs. The study was carried from February 
to December 2018 on two French islands in the SWIO, 
which represent two contrasted environments in terms of 
human impact: (i) Europa Island (French Scattered Islands 
in the Mozambique channel) is a nearly pristine coral reef 
ecosystem, (ii) Reunion Island represents a highly impacted 
coral reefs and offers other substrate types like basaltic 
spur at underwater lava flows, and coastal installations 
(e.g. breakwater structures). Eighteen sites were sampled 
on outer coral reef slopes (5 sites in western Reunion 
Island / 9 sites at Europa Island), on basaltic spurs (2 sites 
in eastern Reunion Island), and on coastal installations (2 
sites – port and highway breakwater in northern Reunion 
Island). Underwater photogrammetry protocols were 
deployed for data acquisition and were adapted at each site 
(250-500m2), all models were geo-referenced. Fish surveys 
were conducted using underwater visual census methods 
(UVC) at Reunion Island, and video census methods at 
Europa Island. All detected individuals were counted and 
their size evaluated. Benthic surveys were conducted 
using LIT (line intercept transect) protocol in Reunion 
Island. We used Pix4Dmapper to build 3D models and 
generate Digital Elevation Models (DEM) and orthomosaics 
- orthophotos. Global Mapper and QGIS were used to 
analyse and quantify: physical attributes, surface complexity 
(3D/2D surface), slope and profiles on DEM and benthic 
descriptors, mineral substrates and life coral%-m2 (classified 
by growth forms: massive, columnar, branching, foliaceous, 
helmet shaped, encrusting, tabular, and free-living forms) on 
the orthophotos. Diversity, abundance, and biomass of fish 
assemblages were estimated for each site. Life history traits 
(diet, size class, schooling, home range, position in the water 
column, activity) were compiled for each encountered 
species. Traits were combined to define functional entities. 
We looked for correlations between physical attributes 
and benthic descriptors and functional characteristics of 

associated reef fish assemblages. The first results of this 
study highlighted strong correlations between specific 
features of fish assemblages and surface complexity at 
Europa Island. Some types of coral growth forms or other 
mineral substrates were linked with life history traits and 
functional entities of fishes. At Reunion Island, preliminary 
results showed remarkable differences of fish assemblage 
response to variations among substrates. 
• Habitat structural complexity seems to strongly 

influence reef fish assemblages. 
• Underwater photogrammetry is an economic 

affordable technique that opens new exciting and 
pertinent approach to coral reefs studies and 
management. 

3D model, DEM and orthophotos are powerful tools to 
better describe and improve knowledge of coastal and 
coral reefs ecosystems
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Seagrass meadows are one of the most productive and 
biologically diverse ecosystems on earth. They have high 
primary productivity which can be limited by different 
factors. Oligotrophic systems having low nutrient content 
tend to have high amount of light reaching seagrasses, while 
those eutrophic systems having high nutrient content limits 
the amount of light reaching seagrasses. There is a need to 
perform studies on the effect of water quality on seagrass 
beds because they are critical ecosystems and they have 
numerous uses and values to humans. In Mauritius, fisheries 
account for approximately 1% of our Gross Domestic 
Product (GDP). Seagrass beds provide shelter and food for 
numerous commercial fish species but also act as a coastal 
protection. This study aimed at examining how primary 
productivity of seagrasses and their associated fauna, mainly 
macrofauna and epiphytes, are affected by the variations 
in water quality. This was done by comparing a seagrass 
meadow from a voluntary marine conservation area 
(VMCA) versus one site under anthropogenic pressure. 
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The study was carried out during the summer months of 
October 2018 to January 2019 at two sites, namely Roches 
Noires, VMCA and Mon Choisy (with no conservation 
management measures and under anthropogenic pressures 
from touristic activities).  Three samplings were performed 
at both sites; October 2018, November 2018 and January 
2019. Three species of seagrasses, namely, Syringodium 
isoetifolium, Halodule uninervis and Thalassodendron ciliatum, 
were examined for their difference in leaf area, canopy 
height and epiphyte composition. Five stations were selected 
randomly for each species at each site (Mon Choisy n=10 
stations; Roches Noires n=15 stations). Percentage cover 
of seagrass, epiphytic biomass, macrofauna abundance 
and physic-chemical parameters (temperature, dissolved 
oxygen, pH, salinity) were assessed and recorded in situ 
at both sites.  At each station, triplicates of 50 leaves were 
randomly plucked and collected in zip lock bags. To restrain 
photosynthesis, the zip lock bags were stored in-situ in a 
dark cooler bag at 0ºC and kept frozen until further analysis. 
In the laboratory, the epiphytes were scrapped off the leaves 
and stored in lugol solution until further processing.  A 500 
ml plastic bottle was used to collect water for nutrients 
analysis and a 250 ml plastic bottle to collect water for total 
suspended solids (TSS) analysis. The bottles were placed in 
cooler bag and kept frozen until further analysis. Seawater 
samples were analyzed in the laboratory for nutrient 
levels: nitrate (cadmium reduction method), phosphate 
(ascorbic acid method) and silicate (oxalic acid method). 
Epiphyte load was obtained by drying seagrass and epiphyte 
to constant mass at 60ºC in an oven. TSS in seawater 
samples were determined by putting into ignition 50 ml of 
seawater in a conical flask at 105ºC on a hot plate. Epiphyte 
composition was determined under an inverted microscope 
(magnification 40x). Results of this study indicated that sea 
surface temperatures at Mon Choisy was 25.7±0.32ºC and 
at Roches Noires was 26.9±0.8562ºC in October 2018 and 
in November 2018, the temperature was 29.0±0.00ºC at 
Mon Choisy and 29.8±0.26ºC. In January the temperature 
reached up to 30.5±0.18ºC at Mon Choisy, being the highest 
temperature. There is a decrease in seagrass biomass in both 
sites, at Roches Noires seagrass biomass of S. isoetifolium 
was 0.55±0.05 gm-2 in October and was 0.51±0.01 gm-2 in 
November.  Epiphyte load of S. isoetifolium at Mon Choisy 
(0.05±0.04 m-2) was higher than Roches Noires (0.03±0.02 
m-2) and the same applies to H.uninervis (Mon Choisy 
= 0.24±0.04 m-2, Roches Noires = 0.14±0.12 m-2) in the 
month of October.  Epiphyte load increased from October 
2018 to January 2018 for all species and at both sites, except 
for S. isoetifolium at Roches Noires. Nutrient concentration 
in seawater was higher at Mon Choisy in October (nitrate 
0.008±0.009 mg NO3-N/L; phosphate 0.75±0.14 PO3- - 
Pdm-3; silicate 0.37±0.43 µmolSiL-1) compared to Roches 
Noires (nitrate 0.008±0.004 mg NO3-N/L phosphate = 
0.009±0.002 PO3--Pdm-3, silicate = 0.10±0.08 µmolSiL-1). TSS 
at Mon Choisy (0.039±0.010 g/ml) is higher than Roches 
Noires (0.036±0.009 g/ml) in October. It was observed 
that Roches Noires has a higher macrofauna density (H’= 
0.99±0.15) compared to Mon Choisy (H’= 0.91±0.21). 
The results of the study indicated that epiphytes, nutrients, 
temperature and TSS decrease seagrass biomass. Along the 

nutrient gradient, epiphyte load increased at both sites. 
Seagrass meadows at Mon Choisy is more degraded than 
those in Roches Noires due to anthropogenic pressures. It 
was also observed that a healthier seagrass meadow shelter 
more macrofaunal species. Epiphytic communities are an 
integrated part of the seagrass ecosystem but there is a 
need to control them as they can cause seagrass decline. 
Grazers play a crucial role in controlling their population on 
seagrasses. Thus, seagrass monitoring should be included in 
conservation programmes in an attempt to increase faunal 
communities and to reduce seagrass loss and its fauna. 

Keywords: conservation, epiphyte load, Mauritius, 
seagrasses, water quality
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Background 

Fish kill is characterised by a large number of fish dying over 
a short period of time within a particular area. During the 
past years, an increase in the number of fish kills events has 
been observed worldwide both in the marine and freshwater 
environments. These events may be caused by natural and/or 
anthropogenic factors, such as change in environmental 
conditions, fish diseases, algal blooms and pollutions, 
which may interact in multiple ways. Fish kill events may 
result in significant economic and biodiversity loss as well 
as affect human health. It is therefore crucial to initiate 
immediate actions during fish kills to assure that such 
incidents are dealt effectively and in a timely manner 
so as to mitigate potential negative impacts. The Albion 
Fisheries Research Centre attend to reported cases of 
fish kills in marine and freshwater bodies in Mauritius.  
During the past twenty years, the highest number of 
fish kill cases (11) was reported in 2002 and the most 
significant fish kill (>5000 fish) occurred in January 2016 
in the port area at Les Salines. The temporal, seasonal 
and spatial trends, the probable causes and the most 
common fish species involved during reported cases 
of fish kills in marine and freshwater environments in 
Mauritius for the period 2013 to 2018 were studied. 

Methods 

Data in connection with the reported cases of fish kills 
reported during the period 2013 to 2018 were analysed. 
Information such as locations, results of water quality 
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tests in terms of physico-chemical and bacteriological 
parameters, identification of fish species, physiological 
examination of dead fish, occurrence of harmful micro-
algae amongst others were recorded. The temporal, 
seasonal and spatial trends in fish kills events were 
evaluated along with the common causes and species 
involved. 

Results 

During the period 2013 to 2018, 17 cases of fish kills 
were reported whereby 76% occurred in the marine 
environment and 24% in freshwater. Initially, a decline in 
the number of fish kills was noted with 5 cases reported 
in 2013 and only 2 cases in 2014. A gradual increase was 
then observed with 3 cases in 2015 and 5 cases in 2016 
followed by a sharp decline in the following two years 
whereby only one case was reported. The fish kills were 
more frequent during the summer seasons extending 
from November to April (14 cases). The western region 
of Mauritius witnessed the highest number of fish kill 
cases (7 cases), 3 cases each in the northern, eastern, and 
southern regions and only 1 in the central region. For the 
17 reported cases, the causes of fish kills were attributed 
to a combination of environmental and anthropogenic 
factors with the most common causes being low 
dissolved oxygen, high water temperature and pollution. 
Furthermore, in 3 cases, the cause of the fish kill could not 
be determined. In the marine waters, the most common 
fish encountered in fish kills were the Caranguidae spp. 
Other species recorded were Siganus spp., Sardinella spp, 
Mugil spp., Scarus spp., Obstracion spp., Synanceia spp, Gerres 
spp., Gymnothorax spp. and Diodon spp.. Oreochromis spp., 
Hypostomus spp. and Anguilla spp. were found during fish 
kills in the freshwater. 

Conclusion 

Fish kill is an annual phenomenon occurring mostly in the 
marine environments and during the summer seasons. 
Although, there is an indication that occurrence of fish 
kills is more frequent in the western region, other parts 
of the island are equally likely to witness fish kill events. In 
addition, fish species both in the marine and freshwater 
environments may be affected during fish kills. Based on 
the findings of the study along with the impact of climate 
change, it is expected that fish kill events would become 
more and more frequent. Thus, it is essential to establish 
a fish kill protocol to effectively manage such events. Fish 
kills warrant detailed investigations to determine the 
causes and needed remedial and corrective actions. 
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Background

In recent years, marine resources have been tested 
to find potential compounds for the development of 
chemotherapeutic agent (Agatonovic-Kustrin et al., 2013). 
Of the marine resources already tested, seaweeds are 
known as rich in compounds such as polyssacharides, 
carotenoid, terpenoids, fatty acids as well as minerals 
and vitamins (Pérez et al., 2016), and researches suggest 
seaweeds as a promising resources to provide novel 
biochemically active substances (Taskin et al., 2007). 
Despite the broad application of seaweed in medicine, 
in Asia, Europe, America and Africa (Osman et al., 2013; 
Shanmugam et al., 2013; Tanniou et al., 2014), this resource 
in under exploited by the Mozambican communities. 
There are nearly 300 species of seaweeds that have been 
registered in Mozambique (Bandeira, 1998). However, to 
the best of our knowledge there is no scientific information 
in Mozambique reporting the chemical characterization 
and application of seaweeds. Therefore, the objective of 
this study is to investigate the level of polysaccharides, fatty 
acids and minerals of seaweeds that occur in Inhaca Island. 
This finding would be important for further application of 
this resources in the diet of human and other organism. 
The need to incorporate functional natural products in 
foods for animals and human, is a challenge to overcome 
(Pereira, 2015). 

Methods

This study consisted in the identification and quantification 
of target species in Inhaca Island, sampling and further 
laboratorial analysis of phytochemical composition 
(polysaccharides, lipids and minerals). Seaweed sampling 
was carried out in October of 2019 at Farol site in 
Inhaca Island, in intertidal zone, during low spring tide. 
The north-eastern of the island present a dense seaweed 
vegetation which extensive tract are exposed during the 
low tidal range (Critchley et. al., 2007). In the site, all 
species of seaweeds found were identified using relevant 
literature for the purpose. Approximately 500 g of 10 
species of seaweed were handily picked, and a knife was 
used to help to remove de seaweed when necessary. The 
samples was transported inside a basket with seawater, 
to avoid drying, to the Eduardo Mondlane University’s 
laboratory. In the laboratory, the samples were cleaned 
of epiphytes, necrotic parts, and rinsed with distilled 
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water to remove salts, sand particles and any associated 
detritus (miscellanea). Next, the samples were dried 
at 60°C for 72 hours, and ground in an electric mixer, 
the powdered samples were weighed, stored in a cool 
place until further analyses. Polysaccharides analyses – 
these analyses were performed according to Dubois 
et al., (1956), a standard analyses for polysaccharides. 
This methodology uses Sulfuric acid and phenol, the 
colour changes of the samples is proportional to sugar 
present in the samples. An amount of 100 mg of the 
powered sample were hydrolyzed with 5 ml of HCl 2.5 
N, at 100°C for 3 hours, next it was neutralized with 
Na2CO3. The samples were centrifuged at 3500 rpm for 
8 minutes. A volume of 1 ml of phenol 5% and 1 ml of 
H2SO4 96%, were added to 0.1, 0.2 and 0.3 ml of the 
sample (make up with water to 1 ml).  After 10 minutes 
in a vortex, the samples were maintained in water bath at 
30°C during 20 minutes.  The absorbance of the samples 
were measured using a spectrophotometer (UV-1800 
Shimadzu) at 490 nm. The amount of polysaccharides 
were estimated using a glucose standard curve. The level 
of polysaccharides are presented in mg per g of the 
sample. Lipids analyses – these analyses were performed 
according to Cecchi, 2003, which are based in the use 
of soxlet. An amount of 2 g of the powdered sample 
were kept inside a filter paper and introduced in a 
soxlet apparatus. The lipids extraction were performed 
using 100 ml of dichloroform:ethanol (2:1, v/v) during 
4 hours. The level of lipids are presented in percentage 
of the sample. Analyses of chemical elements – these 
analyses were performed using an Energy Dispersive 
Xray Fluorescence, EDXRF (Shimadzu 7000, Japan), 
for semi-quantitative analyses. The expression of the 
10 more abundant chemical elements were select and 
presented in this report. An amount of 5 g of each 
sample were used directly in the x-ray. The elements’ 
concentration were expressed as a percentage of their 
relative atomic abundances. 

Results

During this study, a total of 77 species of seaweeds were 
identified Inhaca Island (specifically at Farol). The group 
of Rhodophyta were the less represented, with only 13 
species identified. From the total species identified, only the 
most abundant were collected for laboratorial analyses to 
avoid the disruption of the specimen in the field. Among the 
seaweeds collected, Sargassum sp. and Amphiroa sp. were 
the seaweed with the highest quantity of polysaccharides 
(0.39±0.09 mg.g-1 and 0.39±0.06 mg.g-1) while Halimeda tuna 
e and Chamaedoris delphinii presented the lowest quantity 
(0.21±0.04 mg.g-1 and 0.21±0.07 mg.g-1), respectively. 
The lipids assessment performed in the same species of 
seaweeds revealed that Codium compendium presented the 
highest quantity (9.16±0.09%), while Jania adhaerens and 
Padina pavonica presented the lowest quantity of lipids 
(2.48±0.5% and 2.29±0.3%, respectively). The results of the 
analyses performed in some species of seaweeds revealed 
that Calcium, Chorus, Potassium, Siliceous, and Sulfur are 
the elements with the highest perceptual concentration. 

Among the groups of seaweeds, the Chlorophytes showed 
high level of Chlorine (69.29% and 51.05%), in species 
such as Codium prostatum and Pseudocodium devriesci. The 
group of Rhodophytes showed high level of Calcium (Jania 
adherensis and Galaxaura corymbifera). However these 
characteristics are not specific to each of the groups, for 
instance, Gracilaria salicornes (a Rhodophyta) presented 
high level of Chlorine (51.60%). 

Conclusion

Inhaca Island present rich diversity of seaweeds, composed 
of Chlorophyta (most species), Rhodophyta and 
Phaeophyta.  Therefore, this location maybe the source 
of phycological resources in further research related 
to cosmetics, medicine, aquaculture and other areas. 
According to this study, Sargassum sp. and Amphiroa sp. 
are species of seaweeds with high level of polysaccharides. 
Pereira (2015), reported that polysaccharides from 
marine bacteria and algae are promissory for human 
dietary fiber and as possible prebiotic compounds. Codium 
compendium present one of the highest level of lipids when 
compared with other species analysed in this study. There 
are evidence that seaweeds lipids contents may help the 
prevention of inflammatory, cardiovascular, and neural 
disorders.  Additionally, lipids from some marine organism 
possess antibacterial and antifungal activity (Pereira, 2015). 
Therefore, this species maybe one of the target species 
to investigate its potential to be used in pharmaceutical 
application. The genus Codium, also presented high level of 
Chlorine, when compared to other species of seaweeds.
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A comparative study on foot-fishing catch in the two 
small islands “Nosy Fasy” and “Nosy Hao” sites was 
carried out from 5 November 2016 to 5 December 
2016 in Andavadoaka, Velodriake area, district of 
Morombe. Methods used throughout the study were 
based on field surveys and observations. Therefore, 52 
focus group involving 300 fishermen were conducted. 
Indeed, several species were prone to collect in the area. 
Namely, grouped into 5 major groups: sea cucumber, 
shellfish, octopus, sea urchin and fish. As results, the 
Nosy Hao site was the most productive compared to 
Nosy Fasy in terms of catch. Catch varies from a species 
to another. Sea cucumber group was the most abundant 
and shellfish group was less. Captured resources can 
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be directly delivered either to local sales or to self-
consumption. The price of products varies per group of 
catch, the most expensive was sea cucumbers (20 000ar/
Kg for dry product), followed by octopus (between 2 
000 to 3 000ar/Kg), and the less expensive was the piece 
of cooked sea urchin (200ar/piece).

Keywords: fishing on foot,  Andavadoaka, survey, Nosy 
Hao, Nosy Fasy
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Background 

On World Oceans Day, the 8th of June 2018 a coalition 
of organisations (funded by Oceans 5) that included 
WILDOCEANS, Ocean Unite, WWF-SA, Centre for 
Environmental Rights and the South African Association 
for Marine Biological Research (SAAMBR), expressed 
their aim to advance the protection of the oceans 
around South Africa (in MPAs – Marine Protected Areas) 
and launched a campaign called “Only This Much.” At the 
time South Africa only had 0.4% marine protection – and 
the campaign premise was - “Only This Much” is not 
enough. It is important to note that the South African 
Department of Environmental Affairs, the authority 
that can expand marine protection, sent their Deputy 
Director General, Judy Beaumont to attend to the launch 
and give a key note address on the evening. Beaumont 
welcomed the new MPA expansion support. Year 1 (of 
3 years) of the campaign had an overarching objective 
of creating more conversations about Marine Protected 
Areas (MPAs), targeted at the South African public and 
decision makers. The measurable objective linked to the 
campaign in year 1 (March 2018 – March 2019) was to 
secure 5% MPA expansion (from 0.4%). 

Methods

The messaging linked to the campaign highlighted 
the importance of MPAs, awareness of the then 0.4% 
protection and how the average person on the street 
could help change it. The campaign brought MPAs into 
mainstream media, making them “cool” and easy to 
understand - spreading awareness about the then 0.4% 
protection (using clever creative devices that played 
on space – to illustrate just how small 0.4% was), MPA 
benefits, their value and their threats. 

Results 

Some of the campaign messaging was viewed as 
controversial and negative, and we believe it did cause 
discomfort at times – but this was strategic, and we 
saw this as a positive – placing pressure on decision 
makers to stay true to their commitments and do 
the right thing and supporting them to do so through 
external pressure. The year 1 messaging was rolled out 
on social media to 5128 followers (Facebook 4111, 
Twitter 459 and Instagram 558) and reached over 500 
000 people. It also must be noted that the campaign was 
supported by Richard Branson (3.1 million Facebook 
followers), Leonardo DiCaprio (16 547 687 Facebook 
followers) and the Leonardo DiCaprio Foundation (67 
776 Facebook followers) on social media. The active and 
strategic content generation (press releases/opinion 
editorials etc.) of the team saw R4.5 million in media 
coverage value and a readership of over 6 million people 
achieved in year 1 of the campaign. 

Conclusion 

On the 25th of October 2018 South Africa’s Cabinet 
announced the expansion of Marine Protected Areas 
from 0.4% to 5% - with an additional 20 new MPAs being 
announced. We believe the “Only This Much” Campaign 
played a part in securing marine protection expansion 
and hope we can play a similar role when trying to 
secure 10% MPAs by 2020. 

Keywords: public awareness, public involvement, 
marine protected areas Theme: Capacity development 
and outreach
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Background

Proactive planning and effective management of estuaries 
requires an understanding of changing estuarine patterns, 
processes and responses to global change pressures. 
As human population pressures escalate, the need for 
regional scale (or country-wide) strategic assessment 
and management becomes increasingly necessary to 
ensure optimum resource protection and use. 
Methods

Assessing the ecosystem status of South Africa’s 
estuaries required a number of sequential steps: a) 
Delineating the ecosystem extent; b) developing an 
appropriate estuary classification system; c) Identifying 
and collating information on key pressures; d) Assessing 
the condition of individual estuaries in the context of 
their resilience to pressures; e) Determining the overall 
ecosystem condition per estuary type; f) Applying IUCN 
Ecosystem Red listing criteria to determine threat status, 
and g) Spatially intersecting ecosystem delineation with 
protected areas coverage to asses to what degree 
estuary ecosystem types are protected. 

Results

The full extent of an estuary is often not known and this 
makes it difficult to delineate the dynamic spatial area where 
estuarine processes occur, the “estuary functional zone”. 
In South Africa estuaries are primarily spatially defined 
by the +5 m topographical contour which encapsulates 
all estuarine open water areas; estuarine habitats and 
adjacent floodplain area. It therefore encompasses not 
only the estuary water-body, but also all the habitats that 
support physical and biological processes that characterise 
an estuarine system. It also encapsulates all estuarine 
associated habitats (e.g. salt marsh, mangroves, swamp 
forest, reeds and sedges) as well as “estuarine shores” to 
the back of the surf zone. In total 2 007.4km2 of estuarine 
area was delineated for South Africa. Improved scientific 
understanding and a desire for appropriate management 
of South African estuaries resulted in necessary updates 
to Whitfield’s (1992) original classification system. 
Langebaan is now included as an estuarine lagoon and 
small, predominantly closed estuaries on the arid west 
coast are now incorporated. River mouths have been 
renamed ‘fluvially dominated’ estuaries and divided into 
two types to distinguish between large and small systems. 
The temporarily open/closed group of estuaries was also 
divided into large and small temporarily closed estuaries. In 
total,  South Africa’s 290 estuaries and 42 micro estuaries 
have been re-classified into 25 estuarine ecosystems types. 
A third of South Africa’s freshwater flow no longer reaches 
the coast with 19% of estuaries significantly impacted by 
freshwater flow reduction. There has also been a significant 
increase in pollution pressure in estuaries, e.g. 840 million 
litres of waste water flowing daily into estuaries, with 
deteriorating water quality driving change on regional 
scales. This reduces ecosystem resilience and nursery 
function, and makes estuaries vulnerable to invasive 

species, parasites, pathogens and diseases threating human 
health, wellbeing and food security. In addition, 3 780 t of 
fish are caught in estuaries annually, with 20% of estuaries 
subject to high to very high fishing pressure. Less than one 
percent of estuaries are not under some fishing pressure 
as few have national, provincial or municipal protection 
or “no-take” status. In addition, the integrity of South 
African estuarine protected areas is being eroded by both 
sanctioned and unlawful fishing in these areas. Overall, 
more than 60% of SA estuaries are still relatively healthy, 
but this amounts to only 22% of total estuarine extent, 
comprised mostly of small estuaries. More than 63% of 
estuarine area is significantly modified with important 
ecological processes under severe pressures that reduce 
productivity, food security, fisheries livelihood, property 
values and recreational enjoyment. Applying the IUCN 
Red listing criteria showed that estuaries are the most 
threatened ecosystem types in South Africa, both in terms 
of number of types and in area. About 95% of estuary 
types are threatened with 14% Critically Endangered, 
41% Endangered and 41% Vulnerable. By area, 99% of 
estuaries are threatened with 50% Critically Endangered, 
26% Endangered and 23% Vulnerable. This is not surprising 
as estuaries are not well protected in South Africa, with 
only about 18% of ecosystem types and 1% of estuarine 
area well protected. Since 2011, the situation has declined 
with a loss of protection caused by removal of no-take 
restrictions and developing commercial fisheries in MPAs. 

Conclusion 

The approach developed and applied here is suitable for 
any regional assessment of estuaries such as those found 
in the WIOMSA region. Fundamental to this approach 
is estuary delineation,  classification and pressure 
assessments that allows for overall ecosystem condition 
assessment
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Coastal ecosystems, including lagoons are at the front 
line of climatic change effects and are suffering from a 
global decline. In Mauritius, main threats to our lagoon 
ecosystem are development, overfishing, and climate 
change induced weather anomalies. In 2012, massive 
coral bleaching events were perceived globally as well 
as in Mauritius inducing the decline of many species. 
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Understanding the behaviour, and trends of coral 
cover and their possible recovery is essential input 
to administer management actions to protect these 
particularly sensitive ecosystems. In this context, Eco-
Sud Lagon Bleu initiated a lagoon monitoring based on 
Line Intercept Transect (LIT) and visual identification 
to determine trends amongst coral cover change 
and abundance and biodiversity of fish species. The 
monitoring was implemented at five sites within the 
lagoon of Grand Port, chosen based to show information 
representative of the lagoon. Site 2 and 3 were adjacent 
to the coast, whilst site 4 and 5 was adjacent to the reef. 
Site 1, a degraded area, was chosen as a control and as 
a means to demonstrate capacity for recovery. The date 
accumulated since 2016 infers to a gradual increase in live 
coral cover in the lagoon of Grand port. Fish abundance 
also fluctuated with sites, reflecting seasonal spawning 
and life cycles of some fish species. Data collected from 
the lagoon monitoring of Grand Port fishing reserve 
could be further used to determine the trends of coral 
cover and compared with other lagoons of Mauritius, 
and moreover to understand the effectiveness of Marine 
Protected Areas in protecting sensitive areas. 

Keywords: Coral, Fish, Fishing Reserve.
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The Hawksbill turtles are critically endangered and face 
the possibility of drastic population drop worldwide 
which could lead to regional extinction of the species. 
Population estimation of the hawksbill turtle, like other 
marine turtles, are largely estimated through nesting 
females. The species as for its other marine turtles’ 
counterparts, has been actively hunted for its meat and 
shell prized as ornaments. Whilst commercialisation of 
hawksbill turtle has decline globally, the species still shows 
difficulty in recovery due mostly anthropogenic factors 
that have destroyed most of its foraging and nesting sites. 
Despite the knowledge of the prevalence of hawksbill 
turtles in coastal waters of Mauritius, confirming their 
population status has proven difficult due to the lack of 
nesting attempts. In this context an in-water monitoring 
programme was developed to determine the fluctuation 
of the population of hawksbill turtle within the Blue 
Bay Marine Protected Area (BBMPA). The monitoring 

was initially done due to several accounts of resident 
hawksbill turtle in the marine park. Through the use 
of the photo-identification method, the degree the of 
residency and gender of these individual turtles was 
determined as well as the nature of the usage of BBMPA 
for these individuals. After 10 months of monitoring, the 
output results proved that the marine park, despite a 
relatively small size, had harboured a total of 25 turtles, 
quarter of which were identified as juveniles and the rest 
were assumed females. Each turtle spent various amount 
of time in the BBMPA with one individual present in all 
the months of monitoring and some individuals observed 
only for 1 outing. Behavioural observations demonstrate 
high foraging activity, mostly centred around coral 
rubbles. Whilst this study is still at the preliminary stage, 
the density of hawksbill turtle suggests that the area of 
focus sustains a substantial population of turtles. Further 
comparison with previous studies may suggest through 
foraging behaviour that the females may be stocking 
upon calcium carbonate (coral rubbles) for possible 
impendent nesting attempts. 

Keywords: Hawksbill turtle, photo-identification, Blue 
Bay Marine Protected Area
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MIHARI,  created in 2012, is Madagascar’s national network 
of Locally Managed Marine Areas (LMMAs). LMMAs are 
areas of coastal waters managed by local communities to 
help protect fisheries and safeguard marine biodiversity. 
The MIHARI network was set up to connect isolated 
coastal communities allowing community leaders to share 
ideas and effective management models through peer-
to-peer learning. MIHARI now brings together over 200 
local management associations supported by 23 partner 
institutions, and plays a key role representing the interests 
of small-scale fishers in national policy development. 
The principles of local governance and sustainable 
management of marine and coastal resource have been 
institutionalised in Madagascar since the 1990s although 
there was no common reference or coordination of the 
available frameworks (community-based or comanaged 
MPA, management transfer from the Ministries in charge 
or marine and coastal resource, Dina). In addition, the 
tools were not always accessible to local communities 
and can be difficult to implement. The first marine 
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resource management initiative to be labelled an LMMA 
in Madagascar dates from 2005, following practitioner 
exchanges with the LMMA movement in Fiji. Thirteen 
years later, the concept has been applied to more than 
80 locally and co-managed marine areas covering over 
18% of Madagascar’s inshore seabed, established under 
a range of legal frameworks. There is great enthusiasm 
for the LMMA concept amongst a range of stakeholders 
in Madagascar, including governmental commitments to 
expand marine protection using this model. However, 
the lack of legal definition of what constitutes an LMMA 
hampers monitoring the status and number of LMMAs, 
as well as efforts to develop effective LMMA initiatives 
and secure favourable legal and political frameworks 
that allow the formal devolution of management rights 
to local users and communities. While commitments to 
develop new legislation that recognises LMMAs have 
been made by Government ministries, progress has 
been slow due to changing roles and responsibilities 
for marine management. In the interim, the MIHARI 
network led a process to consult its members and 
determine the network’s favoured definition of an 
LMMA, developing a series of criteria in the form of a 
reference guide.  The development of the guide was done 
in three stages. First, the identification of the criteria 
for the creation and the development of LMMAs in 
Madagascar, drawn from the legal frameworks and the 
experience of local communities and supporting NGOs 
in the local and sustainable management of marine and 
coastal resources. Then, those criteria were tested on 
sites, using qualitative methods. Leaders and members of 
local communities and local representatives from NGOs 
were interviewed to assess the validity of the criteria 
in practice. Data from 21 selected sites was used to 
evaluate each criterion. Results showed that the criteria 
fit with the legal framework and confirmed that the Dina 
(customary law) is the foundation of local governance in 
Madagascar. This led to a revision of the guide’s structure 
and content, to make it as relevant as a tool, and as precise 
as possible, and a validation through further consultation 
at national and regional levels. This guide is designed to 
help LMMA practitioners and local communities define 
their progress towards the creation and development of 
LMMAs and choose the most appropriate management 
model to achieve this. It will then provide the basis on 
which a procedures manual will be developed, to detail 
the steps to follow to establish an LMMA under each 
legal framework applicable. It will also help build the 
MIHARI database of LMMAs in Madagascar, a tool for 
their monitoring and evaluation. 

Keywords: LMMA, network, guide, governance, policy
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Background 

This study aims at documenting the value chain derived 
from mangrove forests in selected sites in central 
Mozambique (Zambezi Delta, Nhangau and Chiveve 
River) and documenting the stakeholders’ engagement 
and their current and potential benefits within the value 
chain. Furthermore, this work evaluates the income 
pathways involved in different stakeholder and related 
sites. The results can be used to inform the community, 
governance and management institutions, and policy 
makers for decision making on mangrove management. 

Methods 

Focus group discussions (FGD) were conducted in the 
Zambezi Delta and Nhangau and individual interviews 
in the Chiveve, located in the central Mozambique, 
characteristically a swampy coast, with approximately 24 
rivers discharging into the Indian Ocean and the most 
important mangrove formations of the Mozambican 
coast. Thirteen FGD were conducted at the Zambezi 
Delta, each composed of 4 to 12 people per group 
and separated by gender. A total of 91 participants 
were interviewed. At Nhangau 2 FGD were conducted, 
one with 5 men and the other with 3 women, and 20 
individual interviews. The market price method was 
used to access the value that each product had, which 
is established through the exchange of goods and 
services in the market, and the interaction between 
the production value (supply) and the consuming value 
(demand). From the market price and data from the 
interviews, we calculated the income that is generated 
from mangrove wood products in central Mozambique. 

Results 

The results indicate that the main benefits that the 
communities obtained where wood extraction, aesthetic 
value and honey production, and the first benefit has 
commercial importance in the Zambezi Delta and 
Nhangau. According to key informants as well as the 
FGD participants, a large part of the population was 
engaged in mangrove harvesting, agriculture and fishing 
as their main activities for income generation. Within 
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the Zambezi Delta, for small poles, profit occurred at 
the wholesale level (82.6%). For the larger poles went to 
harvesters, 125.0%. At Nhangau small poles got profits 
of 17%, medium poles 11.5% and larger poles 24%; for 
charcoal, a greater portion of profits went to retailers 
with 50%. Greater portion of profits usually went to the 
harvesters, because they invest little or nothing and get 
money by selling the products, however they receive the 
least income in the chain. This can be explained by the 
fact that at the harvester level the product is cheaper 
and the price increases more that 100% in the next 
level (wholesale or retail). Men were mostly involved 
in mangrove wood harvesting for commercial purpose, 
while women in firewood collection, mostly for domestic 
use. This study anticipated a minimum conservative 
mangrove value of 2400, 00 USD per hectare. Several 
routes from harvester to consumer were documented, 
usually the longer chains were related to products with 
higher demand. At Nhangau this was seen in charcoal 
commercialization charcoal and in the Zambezi Delta 
it was seen in poles. The main actors or stakeholders 
involved in both sites were: transporters, wholesalers, 
retailers and sometimes middlemen. At the Chiveve 
the community benefited mostly from non-extractable 
products such as flooding control, water purification, 
nursery ground for fisheries and landscape beauty. 

Conclusions 

Goods and services provided by mangroves in 
Mozambique are important for the community, sustaining 
directly and indirect benefits. Extractable use value 
was documented for the Zambezi Delta and Nhangau, 
focus to timber for poles and charcoal production. 
Management of these forests is essential as accounts 
of mangroves depletion exist in the country and this 
type of study provide information on the importance of 
mangrove to the community for better management of 
the resource. This information is necessary to improve 
the performance of a value chain and actors wellbeing 
and for integrated environmental decision-making 
towards mangrove sustainability and conservation. 
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The shrimp fishery in Sofala Bank (Mozambique Shelf) 
makes a significant contribution to national foreign 
revenue and for effective management of this resource, 
it is essential to understand the oceanic-climate factors 
affecting the fishery. The impact of the El Niño Southern 
Oscillation (ENSO) events on the annual shrimp catch of 
Penaeus indicus, Metapenaeus monoceros and other species 
was assessed for the period 1980-2016, using linear and 
non-linear regressions. Results show that the highest 
total shrimp catch (9377 tonnes) in 1981, and the lowest 
(2082 tonnes), in 2013, were recorded during ENSO-
neutral conditions. No significant linear correlation was 
found between the total shrimp catch and the Oceanic 
Niño Index (ONI), which indicates the phase of El Niño 
and La Niña events. However, application of non-linear 
regression using polynomial function of n=6 yielded 
R²=0.195 (r=0.442), suggesting an association of ~20% 
between the total shrimp catch and ONI. The results 
from this study are not conclusive, therefore future 
studies should consider adding further ocean variables 
and climate indices. 

Keywords: annual catch, ENSO, Mozambique Shelf, 
penaeid shrimp, Sofala Bank
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Most people in Likoni largely depend on fisheries 
resource as their source of livelihood. There has been an 
increase in the number of non-selective gears in Likoni 
and more so there is lack of reliable data on basket trap 
selectivity in the fishing grounds off Likoni area. Random 
sampling was done for three days a week in three 
months where 2318 fish samples from four different trap 
sizes (2cm, 3cm, 5cm and 7cm) were sampled. Physical 
measurements for the length (cm) and weight (Kgs) of 
species were taken using a tape measure and a weighing 
scale respectively. Descriptive statistics analysis was 
done to determine the mean length for rabbit fish and 
other species. A length frequency distribution analysis to 
determine the size structure was then conducted. Single 
factor ANOVA analysis was done to determine whether 
there was a significant relationship between the lengths 
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of species captured in three different months rabbit fish 
(F=0.6, P=0.6) and the other species (F=0.09, P=0.9). 
A simple linear regression was then done to examine 
the relationship between the mesh sizes and the 
species average lengths of dominant (rabbit fish) species 
(R2=0.87), (P <0.05) after which a correlation analysis 
was run to determine the degree of the relationship 
(R=0.93). The study concluded that mesh sizes have a 
positive relationship with lengths of species captured. 
It shows that selective gears promote sustainability of 
fisheries by reducing by-catch and restricting capture 
of recruitment species. Basket trap is a size selective 
gear depending on the mesh sizes however it is neither 
species nor sex selective.
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Because of their known environmental adverse effects, 
many halogenated persistent compounds are regulated 
by the Stockholm Convention on Persistent Organic 
Pollutants (POPs). Most POPs are classified in Annex 
A, which bans their production and use. Certain POPs, 
such as dichlorodiphenyltrichloroethane (DDT), are 
listed under Annex B, which approves its use until a 
suitable alternative compound is found to fulfil the same 
role. Several countries are permitted to implement 
indoor residue spraying (IRS) of DDT as a method of 
repelling mosquitoes– the vector of malaria. DDT and its 
metabolites, DDE, and DDD can persist for a long time 
in the environment, and even accumulate in animal tissue 
when ingested. OCPs can be transported to marine 
environments through river runoff, where species such 
as loggerhead and leatherback sea turtle may be exposed 
to the compounds. Both leatherback- and loggerhead sea 
turtles are pelagic for most of the year, but females nest 
in the area where they themselves hatched. They may 
be exposed to POPs during their lives because several 
countries in the Western Indian Ocean (WIO), including 
South Africa, are permitted to spray DDT for malaria 
prevention measure. DDT and several other OCPs 
are known endocrine disruptors. Other POPs that 
have specifically been linked with endocrine disruption 
in turtles are cis-nonachlor, and trans-nonachlor – all 
of which were above detectable levels in several eggs 
that were analysed. Effects of endocrine disruptions in 
sea turtles may impede the embryonic development 
of young sea turtles and a decrease in hatching sizes. 
Because both species are considered “Vulnerable to 

extinction” by the IUCN red list, it is important to 
understand the state of pollution to which the turtles 
are exposed to better protect the species. Analysing 
POPs in turtle eggs shows an estimate of how much 
pollutants may be present in the female turtle’s body. By 
analysing 2-3 eggs per female, an estimate of the female’s 
pollution load can be given without having to euthanize 
an adult turtle. In January 2014 and -2015, 49 sea turtle 
eggs were collected from Bhanga’s Neck, in Northern 
KwaZulu-Natal. These eggs were collected from in newly 
laid loggerhead-(Caretta caretta) (n=21) and leatherback 
(Dermochelys coriacea) (n=10) sea turtles eggs, as well as 
unhatched loggerhead eggs that did not hatch (n=18). 
The eggs were homogenised and analysed using GC-MS. 
o,p’-DDT was found in 100% of the fresh loggerhead and 
leatherback eggs, and in 88% of the unhatched loggerhead 
eggs. Other compounds that were most frequently found 
were p,p’- -DDE and p,p’--DDT. Loggerhead sea turtle 
eggs contained the highest concentration of most POPs. 
Little pronounced difference was seen between the fresh 
and unhatched loggerhead eggs. 61% of the unhatched 
loggerhead eggs contained detectable concentrations of 
lindane (ƴ-HCH). Lindane is a pesticide that is banned by 
the Stockholm Convention. Consistent concentrations 
found in the sea turtle eggs could either be because of 
illegal usage of the compound or residue of the compound 
from when it was in use We expected leatherback 
sea turtle eggs to contain the highest concentrations 
of most POPs, because of their larger size and long 
lifespan, but this was not the case. The differences in 
POP concentrations in the egg contents between the 
two species are likely due to different trophic levels, 
migration patterns, life histories, age, and growth, as 
well as differences in pollution sources and the uptake, 
retention, and elimination characteristics of the different 
elements by the different species. 
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Curieuse Island is a small granitic island (2.86km2) in 
the Republic of Seychelles, approximately 1km north 
of the Praslin Island. Curieuse Marine National Park 
(CMNP) was established in 1979, and covers an area of 
14.7km2 . Since establishment, there has been limited fish 
monitoring within the park, and therefor effectiveness of 
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the park in restoring and restocking species of interest 
is unknown. This study provides baseline data on target 
predatory and scavenger species abundance and diversity 
along the north shore of Curieuse Island, and over time 
aims to track changes in their populations. Horizontal 
BRUV (H-BRUV) Stereo Camera Frames (SeaGIS) 
modified to be mounted with a single wide-angle video 
camera were used for this study. Upon retrieval of 
the units 60 minutes of recording time was analysed. 
Substrate was categorized as either: sand, rock, rubble, or 
sand/rock and depth was categorized as shallow (≤10m) 
or deep (≥15m). Relative abundance estimates were 
made by recording (MaxN) and species diversity at each 
site was calculated using the Shannon-Weiner Diversity 
Index. A total of 103 target species were determined for 
monitoring and 72 were positively identified. Shallow 
sites had significantly higher average species diversity 
than deep sites (p-value ≤ .05); however, substrate type 
was not normally distributed and rock and sand/rock 
were only found at shallow sites. Rock substrate had 
the highest species diversity (H=2.7), followed by sand/
rock (H=2.2), rubble (H=1.5) and sand substrate had the 
lowest (H=.82). Based on MaxN values of species pooled 
over 22 categories and across all sites, results indicate 
that Lethrinidae was the most commonly observed family; 
with the redfin emperor (Monotaxis heterodon) seen the 
most. Snapper species followed in relative abundance, 
with the red snapper (Lutjanus bohar) observed most 
commonly. Shark sucker, rabbitfish and grouper followed 
as 3rd, 4th and 5th highest in relative abundance.  Emperor, 
snapper, grouper and rabbitfish species all compose 
a consistent and significant proportion of landings by 
artisanal fishermen in Seychelles (Daw et al. 2011 and 
Seychelles fishing authority 2014); in combination with 
observing these species in elevated abundance in this 
study, it can be suggested thatcmNP helps promote 
species population health and sustainable fisheries 
outside ofcmNP. However, the lack of elasmobranchs is 
cause for concern as only 2 species were recorded at 
.125 sharks/hr atcmNP. In comparison, 5 species were 
recorded at .5 sharks/hr at North Island (Green Island 
Foundation 2015) and 6 species were found at 6.73 
sharks/hr at Aldabra (Clarke et al. 2012).This indicates 
elevated fishing pressures within Seychelles’ inner 
islands. Therefore, continued monitoring of these species, 
and other target species, in the context of adaptive 
management is critical in ensuring that the closure of 
fisheries withincmNP effectively serves the purpose of 
preserving source populations for both larval and adult 
fish spill-over outside of the MPA. 
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Curieuse Island is a small granitic island (2.86km2) in 
the Republic of Seychelles, approximately 1km north 
of the Praslin Island. Curieuse Marine National Park 
(CMNP) was established in 1979, and covers an area of 
14.7km2 . Since establishment, there has been limited fish 
monitoring within the park, and therefor effectiveness of 
the park in restoring and restocking species of interest 
is unknown. This study provides baseline data on target 
predatory and scavenger species abundance and diversity 
along the north shore of Curieuse Island, and over time 
aims to track changes in their populations. Horizontal 
BRUV (H-BRUV) Stereo Camera Frames (SeaGIS) 
modified to be mounted with a single wide-angle video 
camera were used for this study. Upon retrieval of 
the units 60 minutes of recording time was analysed. 
Substrate was categorized as either: sand, rock, rubble, or 
sand/rock and depth was categorized as shallow (≤10m) 
or deep (≥15m). Relative abundance estimates were 
made by recording (MaxN) and species diversity at each 
site was calculated using the Shannon-Weiner Diversity 
Index. A total of 103 target species were determined for 
monitoring and 72 were positively identified. Shallow 
sites had significantly higher average species diversity 
than deep sites (p-value ≤ .05); however, substrate type 
was not normally distributed and rock and sand/rock 
were only found at shallow sites. Rock substrate had 
the highest species diversity (H=2.7), followed by sand/
rock (H=2.2), rubble (H=1.5) and sand substrate had the 
lowest (H=.82). Based on MaxN values of species pooled 
over 22 categories and across all sites, results indicate 
that Lethrinidae was the most commonly observed family; 
with the redfin emperor (Monotaxis heterodon) seen the 
most. Snapper species followed in relative abundance, 
with the red snapper (Lutjanus bohar) observed most 
commonly. Shark sucker, rabbitfish and grouper followed 
as 3rd, 4th and 5th highest in relative abundance. Emperor, 
snapper, grouper and rabbitfish species all compose 
a consistent and significant proportion of landings by 
artisanal fishermen in Seychelles (Daw et al. 2011 and 
Seychelles fishing authority 2014); in combination with 
observing these species in elevated abundance in this 
study, it can be suggested thatcmNP helps promote 
species population health and sustainable fisheries 
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outside of cmNP. However, the lack of elasmobranchs 
is cause for concern as only 2 species were recorded at 
.125 sharks/hr atcmNP. In comparison, 5 species were 
recorded at .5 sharks/hr at North Island (Green Island 
Foundation 2015) and 6 species were found at 6.73 
sharks/hr at Aldabra (Clarke et al. 2012).  This indicates 
elevated fishing pressures within Seychelles’ inner 
islands. Therefore, continued monitoring of these species, 
and other target species, in the context of adaptive 
management is critical in ensuring that the closure of 
fisheries within cmNP effectively serves the purpose of 
preserving source populations for both larval and adult 
fish spill-over outside of the MPA. 
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The role of the Mozambique Channel on the 
biogeography of the Indo-Pacific Ocean 
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Background

The Mozambique Channel is a globally unique area 
within the Western- Indian Ocean. It is characterised by a 
dynamic hydrography leading to high marine biodiversity, 
which makes it the second tropical biodiversity hotspot 
in a worldwide context.  To date, studies focusing on 
the deep-sea communities of the Mozambique Channel 
are rather limited, despite suggestions that the complex 
geomorphologies of this region are likely to provide a 
patchwork of different deep-sea habitats with diverse 
communities. This knowledge gap has therefore hindered 
our understanding on what could potentially be an 
important region for deep-sea biogeographical studies at 
the scale of the Indo-Pacific Ocean. Furthermore, recent 
global biogeographical analyses have obtained a mixture 
of results through different methodologies, ranging 
from allocating the Mozambique Channel to a wider 
biogeographic realm consisting of the Tropical Indo-
Pacific and Indian Ocean or conversely demonstrating 
that this area hosts a variety of endemic marine 
assemblages leading to distinct isolated sub-regions. 

Methods

We utilise a large data compilation based on over 
40 years of expeditions from the Tropical Deep-Sea 
Benthos programme, to understand the biogeographical 
role of the Mozambique Channel in the context of the 
Indo-Pacific Ocean. For this purpose, we applied across 
multiple scales, a bipartite network analysis, which is a 
novel approach for mapping biogeographical regions. This 
method consists of constructing an occurrence network 
containing both species and sites as ‘nodes’. Species are 
linked to the sites in which they occur; clusters of highly 
interconnected sites and species can then be detected 
with a community algorithm such as the Map Equation 
algorithm (ME). The method also benefits from the 

ability of underpinning transition zones by measuring the 
extent of which a node is connected to other bioregions 
through a participation coefficient –value. This analysis 
was applied on the echinoderm class of Ophiuroidea, 
which provides a model group for this purpose, since 
the ophiuroids within this historical data set are widely 
distributed across the region and boast a high number of 
occurrence records with precise taxonomy. 

Results

Our results show that the Mozambique Channel 
hosts 134 different ophiuroid species, of which 37 are 
unique to the area within the Indo-Pacific scale. The ME 
analysis identified that the bioregions present within 
the Mozambique Channel also occur in the central 
Indo-Pacific, Northern-Indian Ocean and off the east 
coast of Africa with these areas harbouring similar 
species assemblages. Additionally, the nodes occurring 
within the Mozambique Channel consistently show a 
degree of connectivity with other bioregions. Therefore, 
we postulate that in the context of the Indo-Pacific 
deep-sea, the Mozambique Channel functions as a 
transitional region as opposed to delineating its own 
isolated bioregion, despite the area illustrating a degree 
of endemicity. Possible reasons behind this include the 
dynamic circulation within and around the area. The faunal 
affinities to the IndoPacific could be potentially caused 
by the South-Equatorial Current transporting larvae to 
the channel, while the complex eddy circulation within 
the channel could increase endemicity by trapping larvae 
thus promoting species isolation and diversification. 

Conclusion

This study provides a new insight into deep-sea 
biogeographical patterns within the Mozambique Channel 
by illustrating the area’s faunal affinities and endemicity 
patterns in the context of the Indo-Pacific Ocean. This 
new knowledge can contribute towards management 
plans for Marine Protected Areas incorporating 
biogeographical information from the deep parts of the 
Mozambique Channel. 
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Coral reefs harbour over 30% of all marine biodiversity, 
bear a high productivity in the food chain and is an 
important carbon sink to mitigate climate change. They 
provide living space to different species and offer food, 
leisure, pleasure to mankind and act as a barrier to beach 
erosion. Yet, reefs surrounding Mauritius are threatened 
by massive degradation, continuous pressure from a 
combination of natural and human induced activities 
and climate change. An ongoing decline in coral cover 
has been observed after the 1998 coral bleaching event. 
Since then, the increasing intensities and severities 
of successive El Nino events and persistent activities 
including fishing pressures, coastal development, tourism 
activities, water pollution, sedimentation among others, 
are constantly challenging the existence of the marine 
ecosystems. Subsequently, in Mauritius, with the current 
reef degrading trend, it is estimated that only about 20% 
of the coral reef ecosystem is structurally functional. In 
response to these threats, the Government has taken 
and is implementing several management measures 
geared towards the protection and conservation of the 
marine ecosystems. Most of the anthropogenic-induced 
impacts are gradually being addressed at the national 
level through Environmental Impact Assessments, 
inter-ministerial committees, policies, regulations and 
sensitisation campaign. Moreover, since the 1990’s, 
in order to reduce fishing pressure in the lagoon, the 
Government has progressively formulated, reviewed and 
implemented several strategies through the proclamation 
and management of Marine Protected Areas, promoting 
fishing around Fish Aggregating Devices, closed seasons 
for net and octopus fishing, extension of ban on sea 
cucumber fishing, among others. Prohibition on sand 
mining, coral removal and trade, interdicting jet ski 
activities in the waters of Mauritius have proved to be 
essential policy measures for effective management of 
coral reef. Besides, for a consultative and collaborative 
approach, the Government has set up a Coral Reef 
Network which provides an integral platform to the 
scientific, technical, fishermen communities, academia, 
Non-Government Organisations (NGOs) and the private 
sector to address reef related challenges for appropriate 
remedial actions to better protect and conserve marine 
biodiversity. The collaborative work yielded wide 
stakeholder participation in population control of crown 
of thorns, training on coral identification and monitoring 
of coral disease and reef related national events. In the 
face of the on-going unprecedented thermal stresses, 
reef restoration strategy has become an instrumental 
technique to further reinforce reef resilience. Sensitisation 
and capacity building of coastal communities in the 
maintenance of coral nurseries and coral plantation are 
being conducted for a trained potential workforce in 
reef restoration, protection and conservation. Overall, 
in order to have an effective reef conservation plan, it 
is pivotal to have a multi-dimensional approach to reef 
research with emphasis laid on biodiversity, ecological 
threats, thermally resistant species, reef complexity 

and vulnerability. It is therefore vital that the coastal 
community plays a key role in the strategy of Mauritius 
to manage coral reefs for restoration, protection and 
conservation through Marine Spatial Planning for a 
sustainable resource utilisation while preserving the 
integrity and functions of marine ecosystems. 

Keywords: coral reefs, climate-change, reef protection, 
strategies, conservation 
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Coral reefs of Mauritius are highly exposed to the 
growing coastal development, fishing and tourist industry 
and are continuously threatened by the unprecedented 
consequences of climate change, frequent and severe coral 
bleaching events, crown of thorns predation and coral 
disease infestation. In addition, with a view to further develop 
the Mauritian Ocean Economy, more intense development 
in the port/harbor is being conducted, potential for 
mineral and gas extraction along with deep ocean water 
application are also under consideration. At the current 
rate of coastal and oceanic development, the threat to the 
already vulnerable coral reefs and associated biodiversity is 
expected to be more pronounced with serious ecological 
consequences. Subsequently, this study aims at evaluating 
the coral species richness and reef diversity with particular 
focus on further studying the occurrence of endemic and 
rare coral and reef fishes around Mauritius. Due to a lack 
of prior assessments on the endemic and rare reef fish 
and coral species, we evaluated the literature to identify 

11th WIOMSA Scientific Symposium 471



rare and endemics. From this review, seven species each 
were identified and 24 study sites around Mauritius were 
surveyed from July to December 2018, for their species 
richness, their occurrence and distribution. The survey 
involved two to three hours of snorkelling inside the 
lagoon and 45 minutes to one hour per diving site. The 
observational data on the coral type and reef fishes were 
collected using underwater photography and fish visual 
census, respectively. Sites were then categorised as per site 
sensitivity regarding diversity and structural complexity for 
further in-depth periodic reef vulnerability data collection. 
The result revealed that the endemic reef fishes, Stegastes 
pelicieri, Pomacentrus pikei, Amphiprion latifasciatus, Amphiprion 
crysogaster were recorded at 10 different sites in the lagoon, 
contrary to Abudeduf margariteus, Zebrosoma gemmatum.  
Among the corals, Acropora branchi, Pocillopora indiania, and 
Seriotopora hystrix were recorded at 8 sites as compared 
to Seriatopora caliendrum, Stylophora pistillata and Horastrea 
indica. The same rare and endemics were assessed at various 
dive sites outside the lagoon and most of the targeted 
species were occasionally observed with the exception of 
Amphiprion crysogaster, the Mauritian clownfish, Stegastes 
pelicieri, the Mauritian Gregory and Pomacentrus pikei, the 
Blacktip damsel which were also common inside the lagoon. 
Based on their reef structural complexity and diversity, 
Flat Island, Coin de Mir, Palmar, Eau Bleu, Pointe d’Esny, 
Blue Bay Marine Park, Le Bouchon, Riviere des Galets, St 
Felix-Le Morne, La Prairie and Balaclava Marine Park might 
be considered as ecologically sensitive areas. Besides the 
highly diverse ecosystem, these sites also harbour the rare 
and endemics. The findings therefore suggest that only 
the Mauritian clown fish, Mauritian Gregory and Blacktip 
damsel were commonly found, with these exceptions, the 
rest rare and endemics were occasionally observed and 
subsequently, threatened by extirpation. As such, this study 
mandates an extended island-wide survey in collaboration 
with volunteer divers from dive centres and more thorough 
inside-lagoon assessment. With limited coastal space, 
unprecedented climate variability and continuous coastal 
development, it is imperative that through Marine Spatial 
Planning, a balance between ecological importance and 
economic development is achieved to avoid any biological 
loss and to further safeguard the ecological integrity. 

Keywords: Coral reefs, endemic species, rare species, 
species richness, structural complexities
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The South West Indian Ocean (SWIO) region spans 
from latitudes 5oS to 35oS and longitudes 30oE to 70oE. 
It encompasses countries like Mauritius, Rodrigues, 
Madagascar, Mozambique, Comoros, Mayotte, Reunion 
Island, Tanzania, and the eastern part of South Africa. This 
region has a tropical climate with two seasons: summer 
(November to late May) and winter (May to late October). 
Previous studies have shown that the climate of SWIO is 
mainly influenced by several meteorological variables such 
as the El Niño Southern Oscillation (ENSO), the Indian 
Ocean Dipole moment (IOD), South East trade winds 
and Asian-Austral monsoon circulations. During the last 
decade, the countries in the SWIO basin (especially the 
small islands) have been undergoing a climatic crisis with 
extreme weather phenomena accentuated due to climate 
change. Heavy flooding resulting from massive rainfall, 
periods of extended drought, unbearable heat waves, 
the presence of short lived cyclonic systems, the erosion 
of coastal regions and the disappearance of pollinator 
insects, such as bees and butterflies, are all heavily, and 
intricately, linked to sudden changes in the weather 
pattern. These changes are linked to the carbon emission 
in the atmosphere. One area of concern is the impact of 
climate change on water security. This study was therefore 
conducted to evaluate the effect of climate change on the 
distribution of water resources in space and time over the 
SWIO region from now to the end of the 21st century. 
For this endeavour, historical and future climate data of 
Representative Concentration Pathways (RCPs) 4.5 and 
8.5 were projected with the Abdus Salam International 
Centre for Theoretical Physics (ICTP) Regional Climate 
Model (RegCM4.7). RegCM works on limited area models 
(LAMs) for regional simulations. It was employed with a 
horizontal resolution of 40km and calibrated using EIN15 
dataset, from 2005 to 2015 by comparing results obtained 
to ground truth data provided by local Meteorological 
Services. The future ICTP climate scenarios RCP 4.5 and 
RCP 8.5 assume a peak of carbon emissions in the year 
2045 and 2085 respectively before a decline is noticed. 
The results show a significant reduction in the annual 
precipitation when compared to the baseline (2005 to 
2015 data) for both the RCP scenarios and a shift in spatial 
distribution of the water resources. 

Keywords: Climate change; SWIO basin; RegCM; 
Annual precipitation, Water Resources. 

POSTER
Wave climatology for the western Mozambique 
Channel 

VIRGÍLIO A MABJAIA*, FIALHO PJ NEHAMA*, ELLIS 
ASH** 

* Escola Superior de Ciências Marinhas e Costeiras, 
UEM, 1 o de Julho ave., Quelimane, Mozambique 

** Satellite Oceanographic Consultants Ltd, 49 Seal 
Road, Stockport, SK7 2JS, United Kingdom 

Email: virgiliomabjaia19@gmail.com

11th WIOMSA Scientific Symposium 472



Background 

The main wave characteristic necessary for decision-
making is by far the significant wave height, which can 
be affected by wind speed, duration, and fetch. Some 
of the variables are included in a standard wave-buoy 
measurement, which can be challenging to obtain or use 
it for large areas. The global model wavewatch provides 
an alternative mean to obtain the most accurate possible 
wave fields for the global ocean. Although data from the 
most recent wavewatch model is freely available online, 
the general wave regime in the Mozambique Channel has 
not been described yet, and this study seeks to provide 
such a description, emphasizing the climatology of the 
significant wave height and mean propagation direction. 

Methods 

The approach employed consists of extraction of wave 
data from the ESA’s Globwave dataset for further 
processing and statistical analyses. The data made 
available from the C-RISe project (http://www.satoc.eu/
projects/c-rise) comprises timeseries of significant wave 
height and wind field subsetted for the area bounded by 
latitudes 9o -38oS and longitudes 12o -62oE covering the 
whole Mozambique Channel. The data spatial resolution 
is 1 degree spanning the period 1992- 2013 (for 
significant wave height) and 2007-2017 (for wind field). 
The statistical analyses were simply the identification of 
annual and seasonal cycles. 

Results 

The analysis of three control stations located in the south-
western part of the channel revealed that maximum 
significant wave height occurs in January reaching a 
maximum of 3.5±1.5 metres in the three stations, whilst 
the seasonal cycle has a maximum amplitude of 2±0.81 
metres occurring around May and July July. The longer 
time series showed significant degree of interannual 
variability although without a clear pattern in the period 
2007-2017. 

Conclusions 

We concluded that the wave field along the coast of 
Mozambique is dominated by a seasonal cycle with 
amplitude 2m and phase lag of 91 days.
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Mangroves provide a wide range of ecosystem goods and 
services. However, with increase in human population, 
mangroves have been and continue to be threatened by 
anthropogenic factors which have led to their degradation, 
thus threatening their provisioning role. In Kenya mangrove 
destruction is alarming, despite increased sensitization on 
benefits of mangrove conservation and establishment of 
protected areas. The aim of this study was to investigate 
the impact of human proximity and ease of access to 
mangrove forests on stand structure in a protected area 
in Mida Creek, Kenya. The study was carried out in ten 
mangrove stands distributed within three study stations in 
July 2010 - July 2012. Study plots measuring 10 m × 10 m 
were established in each stand. Stand characteristics were 
measured to determine the stand structure. Rhizophora 
mucronata, C. tagal and B. gymnorrhiza were the abundant 
species. Dabaso site had the lowest stand density of 725 
trees/ha, whereas Kirepwe Macho site 2 (in Kirepwe 
Island) had a density of 4,700 trees/ha. Mangroves in 
Kirepwe Island had trees in the various size classes as 
opposed to those in Dabaso and Uyombo which lacked 
the younger sizes in sites near human habitation. Stands 
closer to human habitation in Dabaso and Uyombo had 
no R. mucronata and C. tagal trees in the size class 2.5 
- 3.5cm which is the preferred size for walling in house 
construction. The findings have management applications 
for protected and open access mangrove forests, for 
conservation and sustainable utilization. 

Keywords: Human, mangrove uses, open access, 
protected area, size class Preferred mode of 
presentation
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Marine pollution is of major global concern owing to 
its impacts on ecosystems and human health. Along the 
Kenyan coast, Tudor Creek in Mombasa has experienced 
increased pollution from anthropogenic inputs including 
effluents discharged from urban, industrial, agricultural 
and atmospheric deposition. This is exacerbated by 
its close proximity to the only dumping site set aside 
for disposal of wastesin the coastal city of Mombasa. 
This study investigated the effects of untreated sewage 
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discharge on the water quality, focusing on the amount 
of organic matter, nutrient levels and concentration of 
the Biological Oxygen Demand (BOD). Sampling sites 
were selected based on different levels of sewage inputs 
from land based sources. Water samples were collected 
for Dissolved Oxygen (DO), Biological Oxygen Demand 
(BOD) and nutrients analysis while sediment samples 
were collected for organic matter analysis Organic matter 
from all sites ranged from 5.6 to 12.3 mg/L,nitrates from 
1.2 to 9.9 mg/L,phosphates 0.2 to 9.9 mg/L) and BOD 
() (1.7 to 2.7 mg/L Significant differences between the 
different sites were observed for nitrates, phosphates, 
and organic matter (ANOVA p <0.05). with Mikindani 
site recording the highest levels of nitrates (8.9±3.0 mg/L) 
while Madobini site had the highest levels of phosphates 
(0.6±0.2 mg/L). However, BOD at different sites did not 
exhibit significant differences (ANOVA p>0.05). This 
suggests that BOD is not a good indicator of pollution. 
It is clear from the study that, increase in the amount of 
untreated sewage into the coastal ecosystems resulted 
in increased amount of nutrients there by, causing 
eutrophication and also lowering the amount dissolved 
oxygen in the water which is a vital water parameter for 
both the fauna and flora in the coastal ecosystems.
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Kenyan coastal communities have traditionally relied on 
the extraction of inshore fisheries resources for both 
their subsistence and commercial welfare. Over the 
years the open access nature of Kenya’s inshore marine 
fisheries has led to a severe decline in these resources, 
resulting in diminished incomes for the numerous 
artisanal fishing communities, coupled with the 
associated food insecurity.  Achieving food and nutritional 
security for all is one of the four objectives contained in 
Kenya’s “Big 4” agenda – a plan to guide the country’s 
development strategy over the next five years. Seaweed 
resources can contribute to food security either directly 
as a nutritious food source (acceptance of seaweeds as 
food may take a while in Kenya), or indirectly as a source 
of income to purchase food. Just as importantly, seaweed 
farming as a livelihood can be effective in reducing the 
excessive pressure exerted on Kenya’s rapidly dwindling 
inshore marine fisheries by coastal communities. The 
purpose of this survey was to establish the impact of 
seaweed cultivation on the incomes of seaweed farmers 
in Kwale County in Kenya’s South coast region. By virtue 
of the simple tools and techniques required to establish 
and maintain a seaweed farm, seaweed cultivation is 
considered a viable and suitable alternative liveihood 
for coastal communities. A descriptive, cross-sectional 

survey design was employed in the study. In June 2018, 
seaweed-related socioeconomic data was collected from 
78 active farmers in three seaweed farming villages, viz: 
Kibuyuni, Funzi and Nyumba Sita, by means of a Semi-
structured questionnaire. Two Focus Group Discussions 
were also conducted in Kibuyuni and Funzi. Data was 
entered, cleaned and analysed using Excel and SPSS 
software. The survey revealed that for 95% of the 
respondents seaweed farming had produced a positive 
impact on their incomes. The first recorded earnings 
from seaweed cultivation were received in 2010 and 
averaged Kenya shillings (Ksh) 4,319, with a kilo selling 
at Ksh 18. Most farmers received their last earnings 
from seaweed sales in 2015, at which time the average 
selling price for a kilo of seaweed was Ksh 21. Average 
earnings for the farmer at this time was Ksh 6,768. The 
highest earnings received during this period was Ksh 
31,000. These earnings had benefited the farmers and 
enabled them, among other things, to construct their 
own houses, pay for their children’s education, provide 
food for their families and meet medical expenses. The 
government of Kenya, through the recently concluded 
Kenya Coastal Development Project (KCDP), was able 
to provide some infrastructure to seaweed farming 
communities in Kenya, including seaweed drying racks 
and a seaweed storage facility in Kibuyuni. The farming 
communities have also benefitted from training in 
seaweed value addition techniques. Of foremost concern 
to the farming communities has been the absence of a 
steady and reliable market for the seaweed product. This 
has meant that seaweed incomes have been few and 
far between. Immediate and concerted efforts must be 
made by relevant government agencies to ensure that 
a stable market is identified and secured. The inability 
of farmers to access credit to enable them acquire vital 
inputs was also mentioned as significant constraint to 
their livelihood. The necessary attention and resources 
must be devoted to the mentioned constraints if at all 
this livelihood is to help alleviate pressure on inshore 
fisheries resources and enhance the socioeconomic 
status of participating communities.
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Previous empirical studies on poverty in fisheries were 
influenced by the perception that poverty in fisheries is 
mainly related to the natural factors (fishing resource) 
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and its associated exploitation level. However, recent 
research has shown that the relationship is not only 
unilinear but is complex and remains mis-understood. 
This study, undertaken between September 2018 and 
February 2019 sought to contribute to the discourse 
relating to poverty in small-scale fisheries at two 
sites (Kilifi and Malindi) in Kenya. Data was collected 
to 1) evaluate the socioeconomic and demographic 
characteristics of fishers and fish traders, and 2) explore 
the local definition and perceptions of poverty in the 
fishery, and 3) explore competitive strategies employed 
by fishers and fish traders. Results show complexity in 
the interaction among actors at different stages of the 
marketing process. Apart from the cultural definition 
of poverty in small scale fisheries remaining complex, 
dynamic and largely misunderstood, actors at different 
marketing level apply a variety of competitive strategies 
that that may have fisheries livelihood and resource 
sustainability implications. The same have so far not been 
addressed in mainstream fisheries management solutions. 
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Background 

Persistent organic pollutants (POPs) such as 
Organochlorine pesticides (OCPs), and polychlorinated 
biphenyls (PCBs) have been produced and extensively 
used world-wide for various applications in industry 
and agriculture. POP have been banned or restricted 
globally under the Stockholm Convention due to their 
long-range transportation, high lipophilicity, long half-life 
(environmental persistence), and potential toxic biological 
effects, mutagenic, and carcinogenic characteristics to 
both humans and wildlife (Barakat et al., 2012, Dierking et 
al., 2009). Sediments act as a sink for these POPs brought 
into the aquatic environment from direct discharges, 
surface runoff and atmospheric fallout. POPs and their 
residues can enter living organisms, via flux through 
the water phase, and eventually bioaccumulated in 
sedimentdwelling organisms and edible fish. Most of the 
past studies on POPs in Kenya were mainly carried out 
in freshwater environments with the main focus being 
OCPs. For instance, Lalah et al. (2003) determined the 
concentrations of organochlorine pesticide (e. g., DDT, 
DDE, DDD, endrin, lindane, endosulfan) residues in fish, 
water and sediment samples from Tana and Sabaki rivers, 

while Everaarts et al. (1996) reported the presence of low 
concentrations of OCPs and PCBs residues in sediments 
and macroinvertebrates from some sites along the Indian 
ocean coast of Kenya. The objective of this study was to 
determine the distribution of persistent OCPs and PCBs 
in sediments from Sabaki and Tana river, with a view 
to identifying their possible sources and gauging their 
probable human health and environmental risks. 

Method 

Sediment samples were collected from selected locations 
in the Tana, and Sabaki river systems. Surface sediment 
samples of about 100-200 g were collected using a grab 
sampler, put in aluminum containers previously cleaned 
with hexane and stored in a cool box at a sufficiently 
low temperature (~4°C) to limit biological and chemical 
activities. In the laboratory sediment samples were dried 
in an oven at 105°C to constant weight for grain size, 
total organic matter and total organic carbon (TOC). 
The grain size analysis of samples was performed 
using the sieving technique while Total organic matter 
was analyzed by ashing method. TOC content was 
determined by oxidation.  PCBs and OCP were analyzed 
as described by Thompson et al., 1999 where wet 
sediment samples of about 50 g were weighed, put in 
clean pre-weighed aluminum containers and covered 
with clean aluminum sheets with holes, then freeze 
dried using freeze dryer (Heto powerdry LL 3000). After 
freeze drying, the samples were weighed to obtain the 
dry weight, sieved through a 2mm mesh sized metallic 
sieve to remove any coarse materials.  The samples 
were then stored in Amber bottles to protect them 
from light awaiting analysis. Prior to extraction, about 3 
g of each sample was put in the sample extraction vail 
and spiked with internal standard containing a mixture. 
internal standard was then added to quantify recovery 
of the total extraction procedure. The samples were 
extracted in START E microwave assisted extraction 
system. using dichloromethane solvent. The extracts 
were thereafter mechanically filtered into Amber glass 
vials through clean glass funnels stuffed with pre-cleaned 
glass wool. The filtered extracts were concentrated 
using Rapidvap LABCONCO.  The concentrated samples 
were then subjected to clean-up process during which 
the lipids and sulfur were removed from the extracts 
using a micro-column containing acidified silica (Silica 
gel, 0.063±0.2 mm) and activated copper (40 mesh). The 
POPs were then purified on the micro-column by eluting 
with a mixture of n-pentane and dichloromethane.  The 
extracts were finally concentrated under nitrogen and 1 
µL of the sample analysed using GC-MS. 

Results 

The POPs concentrations in Sabaki River ranged 
between 1.37-7.93 ng/g, dw whereas in Tana River the 
concentration ranged between 1.13-17.18 ng/g, dw. High 
levels of POPs,TOC, organic matter and% silt content 
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was observed in Sabaki bridge.  PCBs in Sabaki River 
could have originated from several activities in the river 
catchment including industries and human settlement that 
release effluent directly into the river. High levels of PCB 
in Tana River system could be attributed to the possible 
leakage or inadvertent disposal of materials used in 
transformers and capacitors along the Tana River channel 
as well as leakage from broken transformers and used 
electrical equipment.  The observed correlation between 
POPs and TOC in sediment confirms POPs high affinity 
to organic matter as reported elsewhere by Wu et al., 
2015 and Wu et al., 2016.  The total OCP concentrations 
in surface sediment in Sabaki Rivers were in the range of 
0.69-4.01 ng/g dw with a mean of 0.12 ng/g dw whereas 
it ranged between 0.47- 9.84 ng/g dw with a mean of 0.56 
ng/g dw in Tana River. High levels of OCP were reported 
in Sabaki Bridge and Tana 4 with a concentration of 4.01 
ng/g dw and 9.84 ng/g dw, respectively. This suggests that 
even though the use of OCPs use has been banned in 
Kenya, there might be illegal or minor application of 
OCPs for malaria and control. The ratio of DDD+DDE/
DDT in Sabaki and Tana Rivers was 0.57 and 2.73, 
respectively, suggesting historical input of DDT in both 
the Rivers. With regards to ecotoxicological concern, 
threshold effect concentrations (TEC) and probable 
effect concentrations (PEC) for PCB, HCB, Heptachlor 
epoxide and Chlordane concentrations in sediments 
from Sabaki and Tana Rivers were below ER-M, ER-L, 
PEL and TEL values at all stations, suggesting rather low 
ecological risk of these compounds. DDT metabolites 
showed high values for TEL and ER-L in Sabaki and Tana 
rivers, indicative of possible adverse ecologicaleffect to 
sediment dwelling organisms. 

Conclusion 

The study has reported possible adverse ecological 
effects on sediment dwelling organisms from DDT and 
low potential ecological impacts PCB, HCB, Heptachlor 
epoxide and Chlordane. This calls for a close monitoring 
and identification contaminant source in order to protect 
both environmental and human health. 
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Background 

The need for development in WIO countries cannot be 
denied, but development often causes unavoidable loss 
of ecosystem integrity, to the detriment of ecosystem 
service provision to humans. Estuaries are arguably 
the coastal systems that have been most affected by 
urban and industrial development, port and transport 
infrastructure, agriculture, poor catchment management, 
flow modification, and storm- and wastewater inflows. In 
the WIO region (and elsewhere in so called “developing” 
countries) these systems also provide key contributions 
to basic needs of coastal communities for subsistence 
and livelihoods. Development trajectories in WIO coastal 
areas therefore cannot follow those of “developed” 
countries. Estuaries in the WIO region, even transformed 
systems in urban areas, have to deliver a diversity of 
ecosystem benefits to a diversity of beneficiaries. The 
challenge is balancing the need for development with the 
need to ensure ecosystem benefits in a region where 
people have a high degree of dependency on the natural 
environment for their basic needs. There is a need to 
adopt management approaches and strategies that 
protect ecosystem integrity.  Typically these have included 
integrated environmental management tools such as 
Strategic Environmental Assessment and Environmental 
Impact Assessment. Mitigation hierarchy is embedded 
in most large infrastructural development initiatives, 
but the loss of ecosystem integrity is often accepted 
as an unfortunate but necessary cost of development. 
Conservation strategies and the declaration and 
expansion of formally protected areas are means to 
ensure preservation of representative natural areas and 
biodiversity, and to support sustainability in fisheries by 
protecting nursery habitats for exploited species. There 
is, however, a need to do more than protect remaining 
natural systems and to adopt ideologies, principles 
and approaches to manage modified coastal systems 
for ecosystem benefits. This work aimed to explore 
managing modified systems (estuaries) as a concept, 
identify important abiotic and biotic processes that need 
to be considered, and suggest key management principles 
that should be adopted. 

Methods 

We investigated a number of case study systems in South 
Africa, focussing on a range of estuary types on the 
subtropical east coast. Systems range in the degree to 
which they have been modified by anthropogenic activity 
and development, but are all highly transformed, variously 
by flow modification, barriers and impoundments, 
large-scale port development, urban development 
and wastewater inflows. Ecological trajectories were 
determined using various sources of information and 
data, including published and grey literature accounts 
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of their natural and development histories, aerial 
photography, biological surveys, specialist studies, and 
environmental flow assessments. Comparison of system 
types, historic and ongoing development pressures, their 
ecological trajectories and services they provide allowed 
investigation of the potential to manage transformed 
estuaries to provide ecological benefit. 

Results 

All study systems showed ecological trajectories that 
diverged from pre-existing natural conditions. This is 
expected and understandable, and in most cases has 
resulted in a concomitant loss of ecosystem services. 
In some cases, transformations have been extreme to 
the point of system reset, where near-complete habit 
alteration and replacement has occurred. While being 
“unnatural” (i.e. different from pre-existing conditions) 
and modified, some of these systems have functional 
habitats that have natural analogues in other South African 
estuaries, and that offer ecosystem benefits. Several of 
these habitat gains are significant at a national level. 
Conclusions 

Management approaches in the different study systems 
differ, and this has played a role in current ecological 
trajectories and the value of these systems in delivering 
ecosystem benefits. A key consideration when dealing 
with modified systems is deciding on management 
to either restore or to rehabilitate. This cannot be 
done without consideration of national biodiversity 
objectives and wider-scale conservation and resource 
planning, and also must consider the likelihood of 
success of management intervention. Management 
objectives for transformed systems may differ 
fundamentally from those for natural systems. Adopting 
an ideology of managing modified coastal systems to 
targeted objectives that are not necessarily natural 
must be done with caution. Nevertheless this presents 
some opportunity to improve the collective estuarine 
resource and to derive greater benefit from systems 
which might otherwise be neglected.

ORAL - Tuesday, G2, 1100
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Background 

Increased commercial interests on giant clams for 
their meat, shells, and live specimens for the aquarium 
trade represent a challenge to their management. All 
tridacnines are listed on Appendix II of Convention on 
International Trade in Endangered Species of Wild Fauna 
and Flora (CITES) to monitor their trade in the face of 
overexploitation. Information on their genetic population 
structure could be useful in creating management units 
and conservation strategies. Previous studies on Tridacna 
maxima in the Western Indian Ocean (WIO) and the 
Red Sea (RS) using a mitochondrial DNA (mtDNA) 
cytochrome c oxidase subunit I (COI) marker indicated 
highly restricted geneflow between the WIO and the 
RS. Nevertheless, microsatellite markers (nuclear 
DNA) have not yet been used to verify this structure. 
Our understanding of the phylogeographic pattern in 
this species will be improved when both microsatellite 
and mtDNA markers are employed, as is done in the 
present study. Moreover, we investigate connectivity in 
this species in a broader context combining the results 
of this study with those of previous work, assessing 
connectivity among populations from different regions 
in the Indo-Pacific: Central Pacific (CP), Eastern Indian 
Ocean (EIO), Indo Malay Archipelago (IMA), RS, WIO, 
and Western Pacific (WP). 

Methods 

The analysis is based on five microsatellite loci and a 
417 base pair fragment of mtDNA COI gene from 283 
individuals sampled from 16 localities across the WIO 
and RS, and 305 additional sequence from previous 
studies (CP, EIO, IMA, and WP). To assess the evolutonary 
connectivity among populations, we estimated the genetic 
diversity and population differentiation. A haplotype 
network was reconstructed from COI sequences using 
FaBox 1.49 online fasta sequence toolbox. Population 
structure was assessed using Arlequin to infer F-statistics, 
and Bayesian clustering was inferred from microsatellite 
loci using Structure (v. 2.3.4). Thereafter, we estimated 
DEST as implemented in DEMEtics (v. 0.8-7 R package). 

Results 

The mtDNA identified a strong divergence among the 
Indo-Pacific populations (ΦST = 0.731, p <0.001; FST = 
0.141, p <0.001), and recovered six genetically distinct 
groups (ΦCT = 0.723 p <0.0001): (1) WIO, (2) RS, (3) 
central Indo Malay Archipelago (IMA), (4) Eastern Indian 
Ocean (EIO) and Java Sea, (5) Western Pacific (WP), 
and (6) Central Pacific (CP). Genetic diversity was 
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highest in the IMA and declined in the peripheral areas, 
supporting the centreof-origin hypothesis of speciation 
in the IMA. Microsatellites and mtDNA were highly 
concordant in revealing population structure across the 
WIO and RS (mtDNA: ΦST = 0.5223, p <0.001; FST = 
0.098, p <0.0001; microsatellites: DEST = 0.217 p <0.01; 
FST = 0.063 p <0.001). Nevertheless, we detected 
discrepancies between the markers on the location of 
the genetic cline among the WIO and RS populations. 
While mtDNA identified a genetic break between WIO 
and RS populations, microsatellites found a genetic 
break between the north RS and central RS populations. 
Moreover, microsatellites Bayesian cluster analyses 
revealed the admixture of WIO and RS lineages in central 
RS population, and the genetic isolation of the north RS 
population. Within WIO, a shallow population structure 
was revealed by both markers (mtDNA: ΦST = 0.318, 
p <0.0001; microsatellites: FST =0.012, p = 0.002; DEST 
= 0.172, p = 0.041). A genetic break among populations 
in the north (Kenya, Tanzania) and south (Mozambique, 
Madagascar) WIO could only be identified by mtDNA 
hierarchical AMOVA (ΦCT = 0.263, p = 0.021). 

Conclusion 

The present study found a strong phylogeographic 
structure in T. maxima across the IndoPacific.  The complex 
geological history and oceanography in the Indo-Pacific 
could be postulated as the major cause of the divisions 
among ocean basins (WIO, RS, EIO, IMA, WP, CP). Since 
T. maxima has a PLD of nine days, long-distance dispersal 
is unlikely. Despite that, we found a EIO signature in the 
Java Sea. It is likely that the EIO population recolonised 
the Java Sea with the rising sea level after the last glacial 
maximum. Currently, this populations are connected by 
prevailing surface currents that flow via the Sunda Strait 
from the EIO to the Java Sea.  The genetic cline in the 
WIO corresponds with the bifurcation of the South 
Equatorial Current (SEC) on reaching the East African 
coast at the southern coast of Tanzania. This current 
creates a potential barrier to larval dispersal between 
the northern and southern WIO. On the other hand, the 
pattern encountered in the RS suggests that this lineage 
might have evolved after a complete isolation during 
Pleistocene sea level low-stands. However, the central 
RS population could have been reconnected with the 
WIO through gene flow at the end of the last glacial, 
since WIO genotypes were present in this population. 
Since environmental differences have the potential of 
enhancing divergence among demes, the isolation of the 
north RS is best explained by the strong environmental 
gradient in the RS, which separates the northern basin 
from the central and southern basin. A combination of 
mtDNA and microsatellites can provide a clear provide 
a understanding of species biogeography.
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Background 

Marine resources and fishing are essential in the 
life, culture and economy of coastal communities. At 
Bairro dos Pescadores and Inhaca Island (Maputo bay), 
especially for the inhabitants living in contexts of poverty 
and limited employment, the communities establish a 
symbiotic relationship with the different marine species 
and in this process can degrade the environment 
affecting life and reproduction of species. Communities’ 
perceptions of adverse effects such as degradation of 
seagrass and extinction of species resulting from their 
shellfish harvesting activities depend on their level of 
knowledge of the role of seagrass in maintaining species 
and the dangers of their disappearance.  The objective of 
this study is to analyze the fishing practices developed by 
the collectors, focusing on women collecting shellfish in 
the neighborhood of “Bairro dos Pescadores” and Inhaca 
Island; to contribute to the conservation of seagrass 
meadows. We mapped the activities of the collectors, 
the instruments used for collecting and the purpose of 
the shellfish. Furthermore we explored their knowledge 
about seagrasses and finally established a comparative 
analysis between the practices developed by the 
collectors of “Bairro dos Pescadores” and Inhaca Island. 

Methods

This study adopted the qualitative method associated to 
the field work carried out at “Bairro dos Pescadores” 
and Inhaca Island. This method allowed proximity and 
monitoring of the activities carried out by clam and other 
molluscs collectors. Observational techniques, semi-
structured interviews and informal conversations were 
adopted. Observations were made upon our arrival at 
the site before interaction with men, women and children 
engaged in shellfish collection. A total of 30 individual 
interviews were carried out, of which 15 at “Bairro 
dos Pescadores” and another 15 around Inhaca Island. 
Additionally, we held two focus groups with women in 
the “Bairro dos Pescadores” and surroundings. Interviews 
and conversations were held when the collectors were 
leaving the sea and sometimes at the beach when they 
were in the process of collecting shellfish. The choice of 
these places for the conversations and interviews was 
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defined by the collectors who explained that they had 
little time for conversation before the collection, but 
in the period of their activity, they could answer the 
questions while at work. The answers to the questions 
asked during the interviews were recorded in a notebook 
and on mobile phones at type recorder, later transcribed 
and stored in the computer. 

Results 

The process of collecting clams contributes to the diet 
and was source of income to the collectors, depending on 
the sociocultural context; the collectors develop specific 
techniques for the removal of shellfish. At “Bairro dos 
Pescadores” and surroundings, the collectors remove 
the shellfish with the use of machete and hoes that 
allow to excavate the earth, because in this place the 
shellfish are below the terrestrial surface. However, in 
the collecting process the collectors remove the sea 
weeds and when questioned about the importance of 
them, they explain that the sea, animals including herbs 
are God’s creations and even if the process of shellfish 
removal contributes to the withdrawing herbs, God will 
bring forth other herbs and shellfish. The collectors also 
explained that seagrasses are only used as a medicine 
for new born infants who suffer from macrocephaly. 
Contrary, at Inhaca Island, shellfish are found on the 
surface and sometimes they glued to the seagrass. The 
collectors remove the clams using hands and explain that 
this practice allows better conservation of seagrass, as 
these serve at habit and food for seafood. In addition, the 
collectors at Inhaca explained that there were programs 
and campaigns on the conservation and management 
of marine resources organized by the Maritime Biology 
Station of Eduardo Mondlane University, which help raise 
awareness among collectors and the community about 
the environment. Knowledge about the importance and 
purpose of seagrasses varied having a rather therapeutic 
at function NW Maputo city while for Inhaca served to 
maintain marine species. 

Conclusion 

From the present study we understood that the collectors 
can contribute to the conservation and management of 
seagrass given the concern about resource management 
issues and community instilment about their only role 
to manage own resources. At Inhaca the concern with 
resources is part of the daily life of the islanders, for 
this reason collectors developed collection techniques 
that stimulate good management of resources. Such 
techniques allow communities to access resources for 
their own consumption and contribute to maintenance. 
This aspect distinguishes Inhaca Island collectors to 
the “Bairro dos Pescadores” where communities are 
concerned first to collect clams and other shellfish for 
daily consumption, in disregard to conservation. 
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Artificial propagation of Holothuria scabra has become 
relevance in Tanzania since the wild stock has already 
dwindled and no significant improvement has been 
reported after more than a decade of total moratorium. 
The first successful spawning induction of H.scabra 
is reported in Tanzania and baseline information is 
provided. Broodstocks purchased from Pemba Island 
were significantly bigger than those from Unguja 
with an average weight of 479.554±13.693g (SE) and 
249.107±4.366g (SE) respectively. Packing one individual 
in 1L plastic bag or several (up to 35) in 50L plastic 
bag worked well during transportation of brooders. 
A combination of thermal shock, food stimulation and 
dry treatment was more efficient in inducing spawning 
than thermal shock alone. The finding shows H.scabra 
can be induced to spawn throughout the year in Tanzania 
which will insure the availability of seed all year around. 
Embryonic development and larvae rearing was achieved 
at 26-30 salinity and larval development was short 
when rearing temperature was 25-28 and initial algal 
concentration was 20000cell/ml. Non-feeding larvae 
stage was attained 10 days post fertilization and juvenile 
reached 35mm in less than two months. The average 
hatching rate was 58.8% and average survival rate from 
auricularia to 1-10mm juvenile was 2.2%. 

Keywords: Sea cucumber, Holothuria scabra, Hatchery, 
Auricularia, Doliolaria, Pentactula, Micro-algae and 
Benthic diatom.
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Background 

Ecological and oceanographic characteristics of a 
meandering tidal creek (the Sudi Creek), located on 
the southern parts of Tanzania (in Mtwara District) 
were investigated during the northeast (NE) monsoon 
season (also corresponding to the dry season) and the 
southeast (SE) monsoon season, which corresponds 
to the wet season for the purpose of fore-seeing any 
potential environmental threats that would be caused 
by a 400kV thermal power plant, that will be installed 
at Kisiwa Village fish landing site. Such socio-economic 
development initiatives are at the fore-front of the 
National development agenda for industrialization, 
whereby, among others, Tanzania aims to become a 
middle-income country by 2025. 

Methods 

The NE and SE seasons monitoring of the ecological 
and oceanographic aspects of the creek were conducted 
in October 2017 and March 2018, respectively. The 
ecological monitoring covered a wide range of aspects, 
including: identification and characterization of benthic 
fauna and flora, identification of important fishing grounds 
of important fish species (both within the creek and at 
other nearby coastal areas), identification of fish species 
landed at urban fish markets in nearby coastal areas, 
documentation of endangered species and confirmation 
of the identified fauna and flora with the Tanzania and 
IUCN Red lists. Likewise, the oceanographic monitoring 
also covered a wide range of aspects, including: 
measurements of physico-chemical parameters of the sea 
water such as dissolved oxygen (DO), pH, temperature 
total suspended solids (TSS), COD (KMnO4), grease 
and scum, mineral oil and faecal coliforms; collection 
of sea bottom sediment for determination of sediment 
composition, grain size distribution and heavy metal 
pollution levels; measurements of tidal current velocities, 
sea water levels and salinities at Mgao site (located near 
the mouth of the Creek) and at Kisiwa site (located near 

the head of the Creek). The ecological and oceanographic 
field measurements which were gathered using standard 
scientific procedures were analysed using appropriate 
laboratory analytical methods. 

Results, Discussion and Conclusion 

The results of the multi-parameter probe measurements 
revealed that the sea water temperatures, DO, TDS 
and pH tended to be higher during the wet season 
than during the dry season, while salinity showed the 
opposite trend (higher during the dry season than 
during the wet season. The wet season temperature 
values were about 1-4°C higher compared to the dry 
2 season temperature values, while the salinity variation 
between the two seasons ranged by about 7 to 10 units. 
The seasonal variation of DO and pH were all less than 
1 unit, while the seasonal variations in TDS were within 
the range of 0 to 3 g/L. Moreover, with the exception of 
the wet season salinity measurements, which tended to 
increase from the mouth of the creek towards the head 
of the creek, the temperature measurements during 
both wet and dry seasons and the salinity measurements 
(during the dry season) showed no marked variation 
along the creek. Additionally, the DO measurements at 
all stations along the creek were generally low (varying 
between 2.76 to 3.45 mg/L) and with no considerable 
variations between the sampling sites along the creek. 
Likewise, TDS and pH did not show considerable 
variation between the sampling stations along the creek. 
The bacteriological levels (faecal coliforms) were higher 
during the wet season compared to the dry season levels 
and in some cases (e.g. at the head of the creek), ranged 
between 29 and 37 counts per litre which was beyond 
the acceptable health levels. The results from the analysis 
of macrobenthos, revealed that both the dry and wet 
seasons were characterised by a preponderance of three 
classes, namely, Polychaeta, Gastropoda and Crustacea, 
with polychaetes being more numerous followed by 
gastropods, while Crustaceans were poorly represented 
during the dry season compared to the wet season. None 
of the benthic taxa reported in this study are known to 
be endangered. The sea bottom sediment consisted of 
highly variable sediment grain size categories (ranging 
from coarse sand to very fine sand) with sorting values 
grading from poorly sorted (along the inner parts of 
the creek) to moderately well sorted (at the mouth 
of the creek). The sediment composition varied from 
siliciclastic sediment on the upper and middle reaches 
of the creek (where the proportion of CaCO3 was less 
than 50%) to carbonate sediment (where the proportion 
of CaCO3 varied from 50-95%), suggesting that benthic 
ecosystems along the upper and middle reaches of the 
creek are considerably threatened by sediment pollution. 
The concentration of heavy metals Cd, Pb, As, Hg and 
Cr in the sea bottom sediments were below detection 
levels and the only metals which were observed in higher 
levels were Zn (up to 66.40 mg/kg at Kisiwa site) and 
Cu (up to 10.78 mg/kg also on the upper reaches of 
the creek but further upstream of Kisiwa site). Analyses 
of vertical current profiles measured by an Aquadopp 
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current profiler which were characterized by strong net 
westerly flows (up to 0.50 m/s and net northerly flows 
(up to 0.40 m/s) at Kisiwa site, paralleled with strong net 
easterly flows (up to 0.58 m/s) at Mgao site revealed that 
the highest thermal pollution hotspots are located over 
the eastern side of the creek over upper reaches of the 
creek (proximal to Kisiwa site). The thermal pollution 
from the power plant at Kisiwa would therefore add more 
pressure to the marine ecosystems (located proximal 
to Kisiwa) which are currently highly vulnerable to the 
impacts of climate change (through elevated sea water 
temperatures, ocean acidification, sediment pollution 
during the rainy season and decreasing DO levels. This 
means that, if a thermal effluent is discharged into the 
creek, there is a strong possibility of permanent or long-
term damage, the extent depending on the nature of the 
organisms, particularly the sessile plants and animals as 
opposed to the more motile forms, and on the relation 
between the area close to the discharge and the creek as 
a whole.  Taking into consideration that, the installation 
of the thermal power plant has been given a very high 
priority on the National development agenda, it is 
recommended that appropriate mitigation measures be 
instituted to ensure that the heated water is not directly 
discharged into the creek. 
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Governance processes and socio-economic factors 
in implementing bycatch mitigation measures of 
marine megafauna in Zanzibar, Tanzania. 
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ANDREW J. AND TEMPLE, SELINA STEAD 

Understanding the governance processes and socio-
economic contexts of local fishing communities is 
important if the introduction of bycatch mitigation 
measures of marine megafauna is to be successful. 
However, there is a deficiency of information about 
governance processes and socio-economic contexts 
in the region. This study was conducted to explore 
the governance processes and socio-economic 
factors relevant to the implementation of bycatch 
mitigation in eight selected villages in Zanzibar, Tanzania. 
Questionnaire-based interviews were conducted with 
fishers (n= 240), One focus group discussion was held 
in each study site with different stakeholders, each group 
involved 6 participates, also key informant interviews 
(n= 11) were carried out, to collect primary data. Binary 
logistic regression was used to determine the effect of 
five selected socio-economic factors on the willingness of 
fishers to implement potential future bycatch mitigation 
measures of marine megafauna. These five factors are 
education, age, proportion of household income from 
fishing, experience of fishers with main fishing gears, 
and the number of adults who bring income into the 
household. The results indicated that only one factor 
which was the number of adults who bring income into 

the household had a significant effect on the willingness 
of fishers to implement bycatch mitigation measures, 
with a p-value of 0.016. The study also revealed that 
most (84%) of interviewed fishers perceived that 
mitigation measures will not have a negative impact 
on their livelihood. Furthermore, the study showed 
that governance measures to reduce bycatch were not 
effective since there were no rules governing catching 
elasmobranch species, and the rules for catching other 
marine megafauna species were poorly enforced. Yet the 
knowledge of fishers about these rules was excellent due 
to improved ways used by the government to educate 
fishers. These findings will benefit the governance and 
management of marine megafauna in Zanzibar.
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The octopus (Octopus cyanea) is a strategic resource for 
the coastal communities in the Western Indian Ocean. 
In 2010, a Fisheries Improvement Project (FIP) has been 
developed in the South West Madagascar to ensure the 
long-term sustainablity of thr octopus stock, and keep 
the ecosystem healthy. A study of octopus fishing technics 
and by-catch recording has been undertaken as part of 
all activities to be carried out to comply with the Marine 
Steward Council certification (MSC) fisheries standard. 
This study took place in the village of Andavadoaka for 
a period of six months (May to October 2018), and has 
adopted three approches for data collection : (i) focus 
groups, (ii) participatory fishery monitoring and (iii) 
catch monitoring at landings. Our findings revealed that 
gleaning, mosty adopted by women, is the most pratical 
octopus fishing in the study area. The productivity of the 
octopus fishery varies according to the tidal range: the 
fishing effort increases during the springs tides. Octopus 
fishing can cause environmental problems : the technique 
used to extract octopus causes a destruction of habitat, 
when fishermen harvest small octopuses. The gleaners 
destroy more dens (23.21% dens searched per fisher 
per trip) than the snorkers (3.83% of dens searched 
per fisher per trip). When fishing for octopus, fishermen 
collect others species. These by-catches constitute 
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about 10% of the fishermen’s catches, and consist 
mainly of sea cucumbers and gastropods. Among these 
are endangered, threatened and protected species. As 
recommendations, getting stakeholders engagement to 
work together through a framework agreement should 
be the main priority to any further steps in the octopus 
FIP. Then comes the application and the strengthening of 
legislative measures to address these issues in order to 
achieve octopus fishery sustainability. 

Keywords: Octopus fishery, Technics, by-catch, 
Sustainablility, FIP.
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Albacore tuna, Thunnus alalunga, is a very important 
commercial species in the western Indian Ocean 
(WIO). Despite its long history of exploitation, limited 
information is available on the trophic and nutritional 
ecology of this species in the region. Such studies are 
helpful to assess and predict the impacts that fisheries 
and climate on marine resources, as well as providing 
essential information to support an ecosystem 
approach to fisheries management. The trophic ecology 
of albacore tuna, sampled in the WIO from 2013 to 
2015, was investigated through neutral fatty acid and, 
baseline and lipid corrected stable isotope (SIcorr) 
analyses of muscle tissue. Generalized additive mixed 
models (GAMMs) were employed to understand the 
spatiotemporal patterns and drivers of fish nutritional 
condition indices (NCI: omega 3 to omega 6, ω3/ω6, 
and total fatty acid content, TFA), carbon and nitrogen 
SIcorr, and known fatty acid trophic markers (FAT) 
of primary producers. Several intrinsic and extrinsic 
variables were taken into consideration, including fork-
length (LF), fishing position, month, chlorophyll-a (Chla) 
and sea surface temperature (SST). Both Chla and SST 
were significant as single explanatory variables for 
FAT, NCI and SIcorr.  The ω6 protists FAT, ω3/ω6 and 
nitrogen SIcorr were best predicted by the stand-alone 

model with SST while LF only was the best model for the 
dinoflagellate versus diatom FAT and TFA. A combined 
model of LF, fishing position and month was the best 
model for carbon SIcorr. GAMMs for the FAT, NCI and 
SIcorr were used to produce oceanographic spatial 
contour maps which clearly demonstrated geographical 
gradients in the region. Distinct regional differences in 
all trophic markers were found between albacore from 
the northern tropical areas and those sampled from the 
more southern, temperate zones. Moreover, a higher 
dinoflagellate contribution was observed in the tropical-
caught than the temperate-caught albacore. Our analysis 
also indicated comparatively lower condition of tropical 
than temperate albacore, which suggests that increased 
SST as a result of climate change could negatively affect 
population dynamics and nutritional quality of albacore 
and consequently impacting human consumption. 
The study identified the spatiotemporal patterns of 
these ecological aspects which is essential for proper 
management of the population of this economically 
important species. This is also particularly crucial in 
areas where oceanographic conditions and seawater 
temperatures are changing at a fast rate. 
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Background 

Satellite-derived data comes as solution for the lack 
of observed in-situ data, essential for comprehending 
various marine processes worldwide. These remotely-
sensed data have better spatial coverage, and provide a 
quasi-synoptic view of the global ocean. However, the 
data comprise only the surface measurements of a limited 
number of variables, and are subjected to contamination 
by many factors, such as the reference level in the case 
of sea surface heights. Until recently, satellites could 
not resolve satisfactorily the oceanic features near 
the coasts due to interference of atmospheric factors. 
Today the coastal data can be used with the same level 
of confidence as that of non-coastal data, thanks to 
improvements made in the algorithms used to acquire 
and process satellite raw data. The ALES (Adaptive 
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Leading-Edge Subwaveform) is one of these modified 
algorithms that uses only a portion of the returned echo 
to estimate sea level and sea state, adapting the width 
of the estimation window according to the significant 
wave height. The ALES algorithm was designed in order 
to maintain the same degree of precision both in open 
ocean, and along the coasts, and in the present study we 
seek to validate sea level data retrieved by this algorithm 
against tide gauge observations from four ground 
stations along the Mozambique coast. The rationale here 
is that once validated for the selected three stations, sea 
users and decision makers in the surrounding areas will 
be able to use satellitederived and ALES-reprocessed 
data for any nearby location of interest. 

Methods 

This study is part of the Coastal Risk Information 
Service (C-RISe) project of the National Oceanographic 
Centre that hosts a repository of sea level data 
processed under ALES, along with analysis software. 
Our approach consisted in extracting selected portions 
of data, processing and interpretation. The data used in 
this study comprised (i) altimetry data from the Jason-1 
and Jason-2 missions, spanning the years 2002 and 2016, 
resampled for the Western Indian Ocean, and (ii) hourly 
tide gauge data collected at Maputo (32.57°E, 25.97° S), 
Inhambane (35.75°E, 23.87°S), Beira (34.83°E, 19.82°S), 
and Pemba (40.48°E, 12.97°S) stations, gently provided by 
the Mozambican National Institute of Hydrography and 
Navigation. The tide gauge data were collected using a 
floating buoy during 2002-2004 at the Maputo station, a 
radar gauge during 2011 at the Inhambane station, a floating 
buoy during 2002 at the Beira station, and a radar gauge 
during 2007-2013 at the Pemba station. The processing 
involved harmonic analyses performed using the TASK 
software, and comparisons using Python software. 

Results 

A good agreement was found between the altimeter 
and tide gauge data, as indicated by the correlation 
coefficient that was above 0.5 in most of the stations. 
The correlation for the Maputo station was the least 
(r=0.29) for a point in the satellite pass located 67km 
from the coast and nearly 257km from the tide gauge. 
The correlation at the Pemba station was the best 
(r=0.71) among the four stations, taken for a point 
in the satellite pass located 17km from the coast and 
139km from the tide gauge.  There seems to have some 
relation between the distance to tide gauge and the best 
correlation found, given that in all stations the closer the 
distance to tide gauge, the greater was the correlation. 
By analysing the difference between the amplitude and 
phase of the satellite-derived and tide gauge data, for the 
annual cycle we found differences varying between -2.3, 
-37, -43.8, and +1.3 centimetres of amplitude and +18, 
-12, -17, and -9 days of phase lag for Maputo, Inhambane, 
Beira and Pemba, respectively.  Similarly, for the seasonal 
cycle we found -2.7, - 23.2, -22.3, and -1.3 centimetres 
on amplitude, and +8, -6, -173, and -40 days of phase 
lag, for the Maputo Inhambane, Beira and Pemba stations, 

respectively. These differences a indicates an even better 
agreement in cycles retrieved for dataset from Pemba 
station, suggesting that length of tide gauge data might 
be a positive influence for the great results from Pemba. 

Conclusion 

With these results we conclude that in the absence of 
long-term observed data from Pemba, or the locations 
nearby, the satellite-derived data from Jason-1 and Jason-2 
missions can be used with more confidence than in other 
3 stations, and urges for the maintenance of a continuous 
record of sea level data in locations of particular interest
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Harmful algal blooms (HAB) affect the marine ecosystem’s 
functioning, human health and the economy.  The present 
study consists to have a retrospective view of the ICAM 
incident (which happened in the north of Madagascar on 
December 2017, and caused more than 80 victims) using 
satellite data coupled with in situ measurements. -situ 
recovered during this period. The variable used is the 
sea surface temperature (TSM) got from the products 
of MODIS Aqua for a shorter period which about the 
parameter’s daily variableness of the ICAM event in 
Antsiranana. The results showed that ICAM took place 
21 days after the conditions were met in the surrounding 
area. This helps to warn the local and health authorities 
to have a decisions and take precautions to avoid risks 
at ICAM. Nevertheless, research into marine animal 
consumption intoxication in Antsiranana is far from 
complete, so further studies should be considered with 
much greater integration of oceanographic, climatic and 
imagery parameters at finer spatial resolutions. 

Keywords: ICAM, Sea Surface Temperature (TSM), 
Diego Bay
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The African Coelacanth Ecosystem Programme (ACEP) 
project aims to build on the systematic conservation 
planning products developed by the SeaPLAN project, 
which identified critical biodiversity area’s (CBA’s) for 
protection on the South African east coast. It focuses on 
the continental shelf and shelf edge between Richards 
Bay and Port Edward where five CBAs were identified. 
Thukela Bank is one of the three new/expanded MPAs 
proposed for the national Phakisa initiative (to achieve 
a representative (MPA) network for South Africa of 
5%). This study aims to provide biological baseline 
data on zooplankton communities in the Thukela Bank 
pelagic zone, for integration into the multi-disciplinary 
spatial layers for marine conservation planning. This is 
to support MPA expansion on the KZN coast, and to 
validate the existence of CBA’s and MPA’s and proposed 
expansions of those areas. Samples were collected in 
2016 at 18 sites at the Natal Bight area that includes the 
proposed Thukela MPA. Comparisons of zooplankton 
groups (meroplankton and holoplankton) abundance, 
biovolume and community structure) between substrate 
types (reef and sand), and between locations (inside/
outside) the proposed Thukela MPA. There was no 
significant difference in zooplankton biovolume between 
substrate types or within or outside of the proposed 
MPA. Zooplankton abundance also showed no significant 
difference between location and substrate but varied 
significantly among stations. Copepods were found to 
be the highest contributors in all stations, followed by 
larvacean, fish eggs, chaetognathas and siphonophores. 
pH had a major contribution on the zooplankton 
community structure, while chlorophyll a, temperature, 
turbidity, dissolved oxygen and salinity had minor 
contribution. This study provides baseline data on the 
zooplankton communities in the Thukela Bank pelagic 
zone that will contribute to systematic conservation 
planning on the KZN coast 
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Seamounts are considered as hotspots of biodiversity in 
the open ocean. This characteristic is hypothesised to be 
linked to a higher primary and secondary production in 
the vicinity of seamounts. To test this hypothesis, surveys 
were conducted at three shallow seamounts (less than 
300 m under the surface) in the understudied South 
West Indian Ocean (SWIO) during September 2016, 
December 2016 and April/May 2017 at La Pérouse, 
MadRidge and Walters Shoal. CTD-F equipped with 
a LADCP was deployed at 42 stations to profile the 
watercolumn and mesozooplankton was sampled with 
a Bongo net and a Hydrobios Midi MultiNet, were fitted 
with 200 µm mesh. No significant seamount effects in 
zooplankton abundance, biovolume, taxa composition or 
size composition were detected during this study. At La 
Pérouse, an apparent upstream-downstream signature 
was detected in abundance and biovolume. Any possible 
seamount effects at MadRidge were overshadowed by 
the presence of a dipole eddy during the sampling period 
and by a potential influence of the Madagascar Shelf. 
Walters Shoal had the lowest abundance, biovolume and 
size diversity of the three studied seamounts. Normalized 
Biovolume Size Spectrum slopes were steeper at La 
Pérouse and MadRidge, indicating a higher productivity 
and dominance of small organisms, compared to Walters 
Shoal where the slope was flatter. 
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