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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 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 
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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. 
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