
Physiological responses of South African high-latitude coral communities to global 

warming 

Tanja Hanekom*, Sean N. Porter, Michael H. Schleyer 

Oceanographic Research Institute, PO Box 10712, Marine Parade, 4056, KwaZulu-Natal, 
South Africa; thanekom@ori.org.za; sporter@ori.org.za; michael@schleyer.co.za 

* Presenting author 

 

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. 
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