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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 (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. 

 

 


