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Climate change is accelerating ocean warming 

globally, and heat waves are becoming more 

frequent and intense. This is of great concern as heat 

is a deadly threat to aquatic animals. But the extent 

of danger depends – some fish species are more 

heat-tolerant than others. For example, Antarctic 

icefishes can’t tolerate 6°C ‘hot’ water, while the 

desert pupfish survives until 45°C. These species-

dependent heat tolerances are a consequence of 

physiological adaptations that evolved over long 

periods.  

 

Beyond the differences across species, heat 

tolerance changes over developmental stages in life. 

A fish’s capacity to absorb oxygen from the water for 

producing energy is a crucial physiological feature. 

As water temperatures rise, metabolism accelerates 

and oxygen demand increases. At some point, the 

fish can no longer meet the heat-related oxygen 

demand, which ultimately leads to death. 

Accordingly, heat tolerance is related to oxygen 

supply capacity, relying on the efficiency of certain 

organs (i.e., gills and cardiovascular system) 

associated with the body mass. The oxygen supply 

capacity that differs over developmental and 

morphological changes in a fish’s life makes certain 

life stages more sensitive to heat than others. 

 

We set out the study to identify the most heat-

vulnerable phase in fish life cycles and assess their 

vulnerability in response to future global warming. 

For this purpose, we analyzed available rich data on 
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Accelerating ocean warming is threatening marine ecosystems, and aquatic animals increasingly suffer from 
brutal heat waves. A new study reveals that fish’s heat-tolerance changes over developmental stages, 
highlighting their mating phase as deadly heat vulnerable. This discovery warns about the conservation of 
our beloved fish and sustainability in fisheries.   

doi.org/10.25250/thescbr.brk565 



 

 

2 
TheScienceBreaker | Science meets Society 

the temperature preferences and tolerance limits of 

marine and freshwater fish, which had been 

produced in earlier studies over the past 100 years.  

 

We found that eggs are much less heat-tolerant than 

larvae and adults. This is in line with an increase in 

oxygen supply capacity (and thus heat tolerance) 

together with the development of major organs 

through the larval phase into adulthood. Heat 

tolerance decreases again during the spawning 

phase, when male and female fish must meet 

additional oxygen demands for sexual maturation. In 

fact, this also happens in humans – the additional 

oxygen and energy required by the embryo cause 

pregnant women to be particularly heat-sensitive.  

 

Reduced heat tolerance during the spawning phase 

suggests that reproduction becomes a bottleneck in 

fish life cycles under global warming. We analyzed 

694 different fish species to estimate the effects of 

climate change on their reproduction. Using the IPCC 

climate models, we simulated how much warming 

each fish species will probably experience by the end 

of the 21st century in their local living environments. 

The results showed that, if the current global 

warming scenario is in effect, around 60% of those 

fish species would not be able to reproduce at their 

today’s home. This suggests that commercially 

important fish such as tuna and cod will disappear in 

some of their current living environments.  

 

Field studies support our findings that were made 

based on simulations. For example, recent 

heatwaves in the North Pacific have caused mass 

mortality among fish offspring and other sea 

creatures. Such extreme events represent a preview 

of what the future holds for many important fish 

stocks globally, if we fail to limit the temperature rise 

below 1.5°C according to the Paris Climate 

Agreement. Importantly, our results suggest that the 

number of threatened aquatic species would decline 

to about 10% by meeting the 1.5°C goal. 

 

Fish may adapt to global warming by either 

evolutionarily acquiring beneficial features in heat 

tolerance or migrating into cooler regions. The latter 

option is more likely because the speed of evolution 

is usually ‘too slow’. However, moving to another 

area could be problematic for some fish species. For 

instance, polar fish are stuck in a geographical dead 

end, while some other species rely on specific living 

environments including currents and prey that may 

not be available elsewhere. Such special habitat 

requirements can be even more strict while 

reproduction – when parents become particularly 

vulnerable to heat.  

 

In addition to mitigating climate change, it is 

therefore an urgent task to identify endangered fish 

species and protect them from upcoming ‘heat 

shocks’. 

 
 


