
Thermal tolerance and the potential effects of climate change on coastal and estuarine
organisms in the Kariega Estuary and adjacent intertidal coastline

Kerry-Ann  van  der  Walt  (K.  vanderWalt@saiab.ac.za)  1,  Dr.  Nicola  James
(N.James@saiab.ac.za)  1,  Prof.  Warren  Potts  (W.Potts@ru.ac.za)  2,  Dr.  Francesca  Porri
(F.Porri@saiab.ac.za) 1

Affiliations:

1) South African Institute for Aquatic Biodiversity, Private Bag 1015, Grahamstown, 6140,
South Africa

2)  Department  of  Ichthyology  and  Fisheries  Science,  Rhodes,  University,  PO  Box  94,
Grahamstown 6140, South Africa

Presenting Author: Kerry-Ann van der Walt (PhD candidate/Post doc)

Type of presentation: Oral

Topics/submission  themes:  Environmental  and  Climate  vulnerability,  resilience  and
adaptation

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, 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 1 ºC/hour until an
organisms reached its endpoint, which was indicated by a loss of equilibrium (fish) or a loss
of righting response (invertebrates).
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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 31.6 ºC (Chaetodon marleyi) to
37.8 ºC (Kuhlia mugil) in summer and 32.3 ºC (Rhabdosargus holubi) to 37.1 ºC (K. mugil)
in winter. For the invertebrates, average CTmax ranged from 31.3 ºC (Parechinus angulosus)
to 38.9 ºC (Perna perna) in summer and 27 ºC (P. angulosus) to 39.2 ºC (Parasesarma
catenata) in winter. The average CTmin obtained for all species ranged from 4.3 ºC (P. perna)
to 11.2 ºC (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 6.5 ºC in winter as opposed to 8 ºC
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


