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Abstract 
Climate change is expected to change all aspects of life in the ocean, from basic biological processes such as 
survival and growth to the distribution and abundance of species, and the structure and function of marine food 
webs. These changes will affect fisheries and other ecosystem services. Many fishers will need to adapt to where 
and what they fish and how large, abundant and valuable their target species and overall catch are. Many species 
will move their distribution poleward or toward deeper waters. Some polar and tropical species may become 
extinct. This will lead to a restructuring of marine communities, with largely unpredictable consequences. Based 
on available climate projections, global fish production and catches are expected to decline, although with 
considerable regional variation, including increases in high and decreases in low latitudes. A large degree of 
future change, however, will depend on the development of fisheries and other human impacts. A reduction in 
fishing pressure, sustainable fisheries management and ocean governance will be necessary to maintain the 
future of fish and fisheries. The protection of marine biodiversity can thereby act as insurance in the face of 
climate and other global change. 

Introduction 
The ocean hosts thousands of species of commercial importance, provides 17% of animal protein consumed by 
humans around the world and is a source of livelihoods for millions of people (FAO 2016). Yet the warming of 
the Earth’s climate affects the physical, chemical and biological properties of the ocean that support fisheries and 
other benefits to humans. Increasing temperature and acidification, changing ocean circulation and 
stratification, melting sea ice, and rising sea level all influence the distribution, abundance, growth, and survival 
of marine life, from small plankton to large whales (Worm and Lotze 2016). Changes in individual organisms will 
affect populations, species interactions and food webs, which form the basis for the functioning of marine 
ecosystems and the services they provide to humans. Thus, understanding changes in marine life and 
biodiversity with climate change will help project the consequences for fish and fisheries in the future. 

Over evolutionary time scales, climate change is nothing new to the ocean. Massive changes, including several 
mass extinctions have shaped marine biodiversity over millions of years (Harnik et al. 2012). Most of these 
changes were caused by changing temperatures (both warming and cooling) as well as ocean circulation, 
chemistry or productivity. Today, we are living through another episode of rapid climate change, yet this is not 
the only impact on marine biodiversity. Fisheries have and continue to exert significant pressure on ocean 
ecosystems around the globe (Pauly and Zeller 2016). There has also been a dramatic rise in habitat destruction, 
pollution, invasive species, and other human stressors, particularly in the coastal ocean (Lotze et al. 2006). 
Current increases in aquaculture, energy production and mining continue this trend in coastal and increasingly 
offshore and deep-sea ecosystems (Halpern et al. 2015). These cumulative stressors have already compromised 
marine biodiversity and fisheries in many places, potentially lowering their adaptive capacity to climate change. 
On the other hand, improvements in management and conservation have helped maintain marine biodiversity 
and ecosystem functioning in some regions. Thus, recent and potential future changes in climate are 
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superimposed on a multitude of other human impacts with potentially complex interactions (Harley et al. 2006; 
Harnik et al. 2012). This is an important difference between previous and the current episode of climate change.  

Climate change in the ocean 
Climate change has a range of effects on the marine environment that affect the basic survival, growth and 
distribution of marine life (Cheung et al. 2009; Worm and Lotze 2016). The most prominent physical changes 
include warming water temperatures and changes in ocean circulation, thermal stratification, sea level, and the 
extent of sea ice. Increased climatic variability can lead to more frequent extreme events, such as hurricanes or 
heat waves. The most prominent chemical changes are the increase in carbon dioxide causing ocean acidification 
and the reduction in subsurface oxygen concentrations due to warming and altered circulation. These changes in 
the abiotic environment affect all levels of biology, from the physiology of individual organisms to the growth of 
populations, the ecology of communities and the functioning of ecosystems (Figure 1). Yet all these levels of 
biology are needed to support fisheries and other ecosystem goods and services. 

Changes in physical, chemical and biological processes can affect marine organisms and biodiversity directly or 
indirectly and act at different spatial and temporal scales (Worm and Lotze 2016). For example, when local 
temperatures exceed an individuals’ physiological tolerance, the individual may die or move away within hours 
or days. If such conditions become more common or extreme in a certain region, the population or species as a 
whole may shift its distribution over the following years or decades. Even if not directly affected by climate 
change, changes to its habitat, food availability or predator abundance can indirectly affect its growth or survival. 
All of this can alter the abundance, distribution, body size and health of species, including those important to 
commercial fisheries.  

Range shifts have been observed and are predicted for many species, including phytoplankton, seaweeds, 
invertebrates, fish, and whales (Worm and Lotze 2016). In many temperate regions, warming has led to an 
increase in warm-adapted and decrease in cold-adapted species (Figure 2). This latitudinal shift can be altered by 
regional conditions and some species have moved into colder waters deeper or further offshore (Pinksy et al. 
2013). In polar regions, warming leads to an invasion of cold-loving species, while species highly dependent on 
sea ice will suffer from melting ice sheets. In tropical regions, warming leads to the loss of species if maximum 
temperature tolerances are exceeded. On a global scale, these range shifts will result in an overall poleward shift 
of many species, with increasing species invasions into polar areas and species extinctions in tropical areas 
(Cheung et al. 2009). 

Not all species will move poleward at the same pace (Figure 2); thus, there will be a re-structuring of local and 
regional communities and mismatches between predator and prey populations which are often hard to predict 
(Worm and Lotze 2016).  

These changes can alter species interactions and food-web organization and create new winners and losers. 
Species thriving under the new abiotic and biotic conditions will increase, while those suffering will decline. 
Warming and reduced oxygen levels have also been shown to reduce body size of marine fishes (Sheridan and 
Bickford 2011; Cheung et al. 2013). Thus, individual body size as well as population size structure and biomass 
may be affected (Figure 2). 

At an ecosystem level, climate change may alter the amount of primary production and with that the available 
organic matter and energy for higher trophic levels, leading to changes in secondary production or potential 
catch. On a global scale, most climate models predict a long-term decline in primary production over the 21st 
century, ranging from an average of -2% under a low to -8% under a high emission scenario by 2100 (Bopp et al. 
2013). Yet there is considerable regional variation, with general increases in polar and decreases in tropical 
areas. However, global climate models don’t predict changes in the coastal ocean very well, creating considerable 
variation and uncertainties in predictions depending on which climate model is used and at which spatial scale. 
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Another important aspect of climate change is its effect on habitat availability, particularly in the coastal ocean. 
Many marine species depend on three-dimensional habitat for parts of their life cycle, including spawning, 
nursery, foraging and shelter from predation. Important habitat-providers, such as seagrasses, kelp, mangroves, 
and coral reefs are threatened by warming temperatures, sea level rise, acidification, and intense storms, with 
consequences for their associated fauna and flora (Worm and Lotze 2016). Many of these species also contribute 
to shoreline protection, nutrient cycling, carbon storage, oxygen and primary production and are thus important 
for ecosystem functions and services.  

 

 

 

Climate change impacts 

• Warming 
• Ocean circulation 
• Stratification 
• Sea-level rise 
• Melting sea ice 
• Acidification 
• Oxygen depletion 

Effects on fisheries 

Ø WHERE? 
Ø WHAT? 
Ø HOW MUCH? 
Ø HOW BIG? 
Ø HOW 

NUTRITIOUS? 
Ø HOW VALUABLE? 

Other human influences 

• Fisheries 
• Aquaculture 
• Habitat loss 
• Pollution 
• Invasive species 
• Traffic 
• Mining 
• Energy extraction 

Biological changes 

Individuals 

• Survival 
• Growth 
• Size  
• Health 
• Reproduction 

Populations 

• Distribution 
• Abundance 
• Biomass 
• Size structure 

Communities 

• Biodiversity 
• Species interactions 
• Food webs 

Ecosystems 

• Primary production 
• Habitat availability 
• Nutrient cycles 

Management and 
Governance 

• Quotas 
• Fishing gear 
• Bycatch 
• Illegal fisheries 
• Protected areas 
• Species 

conservation 
• Sustainability 

 
Figure 1. Overview on climate change impacts and other human influences on the biology of different levels of organization in 
the ocean and on fisheries as well as potential management and governance strategies to mitigate these changes.  
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Many studies focus on the effects of warming temperatures, but other climate-related factors are also important 
in influencing marine life and biodiversity on local, regional and global scales. For many open ocean animals, the 
availability of thermal fronts that concentrate food is of great importance, as is the availability of sufficient 
oxygen concentrations in deeper waters. Changing ocean circulation and currents can affect species movement 
and migration patterns, and changes in areas of high productivity and upwelling can affect food availability 
(Worm and Lotze 2016). 

Importantly, many of these changes do not occur in isolation but act cumulatively on individual organisms and 
marine ecosystems as a whole. This not only includes the effects of climate change, but all other aspects of global 
change and human impacts. By interacting with other drivers, climate change can have a number of indirect 
effects that are sometimes surprising and difficult to predict. For example, climate warming can increase the 
prevalence of infectious aquatic diseases, which can cause rapid population declines or extinctions (Harvell et al. 
2002). 

Finally, species faced with significant climate change may be able to adapt and show evolutionary responses that 
may alter their temperature tolerance or other preferences. There is increasing evidence for both short-term 
acclimatory and long-term adaptive acquisition of climate resistance in some species (Worm and Lotze 2016). 
However, larger species with slower life histories, such as many commercial fish, are likely to adapt more slowly 
to changing conditions than fast-growing species (Perry et al. 2005). This has important implications for 
fisheries, as species with slower life histories are already more vulnerable to overexploitation and potentially less 
able to compensate for climate change effect.  
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Figure 2. Summary of expected changes in fish communities with climate change: some tropical and ice-dependent species will 
likely go extinct, cold-adapted species will shift their distribution poleward or into deeper or more offshore waters, warm-adapted 
species will expand their distribution, and some species may become smaller. In a distinct ocean region (red box) the species- and 
size composition may therefore completely change with consequences for local fisheries (after Cheung et al. 2013).  
 



2018 Fisheries Centre Research Reports 26(2) 

 9 

Impacts on marine fisheries 
Climate variability has affected fish and fisheries for most of history. Yet, over past decades, the effect of fisheries 
exploitation itself has been the major driver for changes in stock abundance and catches, far outweighing the 
effect of climate variability (Worm et al. 2009). Driven by rising human populations and increasing effort and 
efficiency, global catches have rapidly increased from 1950 to 1990 and stabilized or slightly declined since then, 
while fishing effort continues to increase (Figure 3a; Pauly and Zeller 2016). Thereby, reconstructed catches 
including discards, unreported catches, artisanal, subsistence, and recreational fisheries are much higher than 
those reported officially. The high fishing pressure has led to strong declines in fish biomass in the global ocean, 
particularly since the 1970s, and today one to two thirds of fished stocks are considered overfished (Figure 3b; 
Worm et al. 2009; Froese et al. 2012; Christensen et al. 2014; FAO 2016). Yet increased monitoring, assessments 
and more effective fisheries management and conservation have helped rebuilding stocks in some regions 
(Worm et al. 2009). What will happen to fish and fisheries in the future partly depends on the development of 
fisheries and their management and partly on changes in climate and other human impacts.  

As reviewed above, climate change will alter the distribution, abundance and body size of species important to 
commercial fisheries. This will affect their spatial and temporal availability and the amount and value of their 
potential catch. In terms of fished species and places there will be winners and losers, and fisheries will need to 
adapt to where and when they can fish which species, how much they can catch, and how large and valuable 
those species are. 

There are increasing efforts to project future changes in fish abundance and potential catches using various 
modelling approaches. The results highly depend on the choice of climate model, the choice of ecosystem model, 
the spatial and temporal scale and resolution, and the different warming or fisheries scenarios incorporated. 
Every model is essentially wrong and only an approximation of reality. Yet with more studies becoming available, 
we gain a better idea of expected trends. Already the climate models can vary substantially in their predictions of 
warming and primary production (Bopp et al. 2013), which in turn influence predictions of fish production and 
catch. In the following figure, we highlight a few studies that specifically aimed to model changes in fish 
abundance and potential catch.  

 

 

 

 

 

 

 

 

 

 

 

 

Based on a species-distribution model, the predicted poleward shift of many species will lead to a large-scale 
redistribution of global catches, with a 30–70% increase in catch potential in high latitudes and an up to 40% 
decrease in the tropics under a high-emission scenario (Abb. 4.13-4; Cheung et al. 2010).  

Stronger declines in catch potential are predicted in the coastal ocean, where most of the actual fisheries catch 
occurs, and increases in the open ocean if species migrate deeper and further offshore. Maximum body weight is 
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expected to decrease by 14-24% globally from 2000-2050 due to changes in the distribution and abundance and 
part to changes in physiology (Abb. 2), with stronger declines in tropical than polar areas (Cheung et al. 2013). 

Focusing more on coastal and shelf regions, a study using a food-web model based on size structure, not 
individual species, projects a 30-60% decline in potential fish production by 2050 across some important 
tropical shelf and upwelling areas compared to a 28-89% increase in some high latitude shelf areas (Blanchard et 
al. 2012). Another study, using a comparable size-structured model but accounting for food-web interactions, 
also predicts increased fish productivity at high latitudes and decreased productivity at low and mid latitudes, 
with considerable regional variations (Barange et al. 2014). With some exceptions, increases and decreases in 
fish production by 2050 were estimated to be <10% from present yields. These results are broadly comparable to 
the above (Cheung et al. 2010) albeit based on different approaches. In all cases, the future fish production or 
catch potential strongly depended on the predicted primary production, which in turn depends on the choice of 
climate model (Bopp et al. 2013). Thus, our predictions are strongly dependent on the quality of both climate 
and ecosystem models.  

 

 

Management and governance  
The future of fish and fisheries will only in part depend on climate change. Over the past decades, the effect of 
fisheries themselves was much stronger than the effect of climate on fish biomass and catches, and a lot will 
depend on the future of fisheries management and ocean governance. If we follow a ‘business-as-usual’ approach 
and continue to increase fishing effort, efficiency and destructiveness we will likely see a further decline in global 
fish biomass and catches. Yet if we follow a path to more sustainable resource use, rebuilding of depleted stocks 
and conservation of marine biodiversity and ecosystems, we may be able to halt or even reverse the decline 
(Worm et al. 2009). However, similar to regional variation in climate change, there are considerable regional 
differences in the level of stock assessments and monitoring, management effectiveness, and conservation 
initiatives across the world’s oceans. 

Several studies have explored the interactions between different climate change and management scenarios. For 
example, in the North Atlantic, four contrasting economic scenarios based on fishing fleets and industries were 
designed to reflect alternative regional management and governance structures until 2040 (Mullon et al. 2016). 
Overall, the level of fisheries regulation was the most important factor for the long-term fisheries development, 
and the effects of governance and trade decisions were more important than the effects of climate change. 
However, the predicted poleward shift of many species will have implications for fishing patterns, as well as the 
interplay between wild fisheries and aquaculture. This study demonstrates the potentially complex interactions 
between different components of the social–ecological system. 

Figure 4. Projected changes in maximum catch potential from 2005 to 2050 (10-year average) under climate change scenarios 
SRES A1B (after Cheung et al. 2010). 
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Another study was done in the Baltic Sea, which has already experienced intensive fishing, eutrophication and 
warming in the 20th century and faces accelerated climate change in the 21st century (Niiranen et al. 2013). A 
multi-model approach exploring the interactions of these multiple human impacts suggests that regional 
management of fishing intensity and nutrient loading play the most important roles for the future of the Baltic 
Sea ecosystem. 

One important issue in the social-ecological responses to climate change is time lags, with species range shifts 
moving poleward faster than their respective fisheries (Pinsky and Fogarty 2012). This may allow fish stocks to 
increase at their northern edge due to lower exploitation while placing too much fishing pressure on declining 
stocks at their southern edge. Fisheries management would need to adjust fishing mortality spatially for species 
known to move poleward or offshore. Also, lower-trophic level species and highly exploited stocks may be more 
affected by climate change because they are highly dependent on new recruitment, which is strongly influenced 
by temperature and primary production (Britten et al. 2016). In most fisheries, fishing pressure is too high and 
individuals get caught before they reach maturity and are able to reproduce. This effectively truncates the age- 
and size-structure of stocks (Froese et al. 2016) and the fishery then becomes increasingly dependent on new 
recruitment, which increases the susceptibility of both the stock and fishery to climate change (Brander 2007). 
Reducing fishing mortality and optimizing the targeted size classes may help rebuilding stocks and mitigate the 
impacts of climate change. 

Currently, there are several global initiatives that will influence the future of fisheries management and ocean 
governance on a regional and global scale, including the 2030 Agenda for Sustainable Development, the 
Sustainable Development Goals, and the Paris Agreement of the Conference of the Parties of the United Nations 
Framework Convention on Climate Change (FAO 2016). The Food and Agriculture Organization’s Blue Growth 
Initiative helps countries to implement the new global agenda and promotes the Code of Conduct for 
Responsible Fisheries and the Ecosystem Approach to Fisheries and Aquaculture. It particularly assists 
vulnerable coastal communities where marine ecosystems are already under stress from pollution, habitat 
degradation, overfishing and harmful practices (FAO 2016). The future of fish and fisheries will strongly depend 
on the implementation of these initiatives. 

Biodiversity as insurance 
Marine biodiversity may not only be altered by but also provide resilience against climate change. An increasing 
number of studies shows that higher genetic, species, and habitat diversity enhance the variety of possible 
ecological responses and adaptive capacity in the face of climate change (Worm and Lotze 2016). For example, 
higher genetic and species diversity have been linked to faster recovery of damaged habitats and depleted fish 
stocks, and higher species richness or fish stock diversity has been linked to higher ecosystem productivity and 
stability (Worm et al. 2006). This is analogous to a ‘portfolio effect’ in finances and an important insurance 
against climate-driven fluctuation in marine ecosystems and exploited fish stocks. Maintaining population, 
species, and habitat diversity is now generally seen of critical importance in stabilizing ecosystem structure, 
functions and services and protect their capacity to adapt in a variable and changing world (Worm and Lotze 
2016).  

This has implications for marine conservation planning. Tropical regions are predicted to suffer most from 
species loss due to climate change and are hotspots of multiple increasing human pressures (Cheung et al. 2009, 
Halpern et al. 2015). Yet at the same time, they often lack resources and capacity for mitigation and adaptation 
and experience low management capacity (McClanahan et al. 2008). This combination of multiple and 
intensifying threats with a low management capacity, yet high reliance on seafood and other ocean services 
requires a strong conservation focus on tropical areas. On the other hand, polar ecosystems experience rapid 
climate change, possible extinction of polar specialist and ice-dependent species, and growing pressures from 
human development (Michel et al. 2012), thus also requiring strong conservation action to protect its integrity 
and functions. 
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