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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 
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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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