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Arctic Ecosystems and Forage Fish

The Arctic may not be the first place that 
springs to mind when thinking about 
prolific and diverse species of animals. 
Nonetheless, the cold waters of the 
Arctic Sea play host to large and varied 
populations of fish and other marine 
animals. One of the indicators for the 
health of a marine ecosystem is the 
population of forage fish. Forage fish 
are species that consume small marine 
organisms such as copepods and krill 
and are, in turn, food for predatory fish, 
seabirds, and marine mammals. As 
such, they are important for the transfer 
of energy and nutrients up the food 
chain. 

The most common forage fish in Arctic 
waters is Arctic cod. Arctic cod has a 
circumpolar distribution, occurring 
essentially everywhere there is seasonal 
or multiyear sea ice. The Arctic cod 
population is, therefore, a good 
indicator of how climate change affects 
other species and how the ecosystem 
might respond to changing conditions. 

To get a good picture of the impact 
climate change will have on a species, 
researchers must take a broad look 
at the locations the species is found 
in at different stages of its lifecycle. Dr 
Caroline Bouchard at the Greenland 
Climate Research Centre and her 
colleagues are working to understand 
how climate change affects the different 
habitats around the Arctic, and how 
changes in those habitats will affect 
future Arctic cod populations.

Arctic Cod in Hot Water

Together with an international team 
of Arctic cod experts, Dr Bouchard 
recently published a review of the 
effects of climate change on Arctic 
cod. The review divides the life cycle 
of the species into five distinct stages. 
Each stage has distinct preferences in 
habitat and food sources, which results 
in different vulnerabilities and strengths 
when exposed to changing conditions.

In the first stage of the cycle, we have 
eggs. Arctic cod spawn between 
September and April and lay their 
eggs directly into the water, where 
they float to the surface. Dr Bouchard 
says that ideally, the temperature 
should be about 0°C and a sharp drop 
in successful hatchings is seen if the 
temperature rises above 2°C. Arctic 
cod generally spawn in ice-covered 
areas, which protects the eggs from 
rough wave motion, winds, ultraviolet 
radiation and predators.

The eggs hatch after between 79 and 
29 days in a temperature range of -1.5 
to 3.8 °C. The larvae feed on small 
plankton living under sea ice or in 
open water. The larvae are euryhaline, 
which means they can survive rapidly 
changing levels of salt in the water, 
making them well-adapted to areas 
with high levels of ice melt and river 
discharge. These inputs of fresh water 
carry nutrients into the ocean for 
plankton to feed on, and provide a 
thermal refuge for the larvae, where 
they can avoid extremes of temperature 
(above ~6°C and below -1°C). 

WHY UNDERSTANDING HOW 
CLIMATE CHANGE IMPACTS 
ARCTIC COD POPULATIONS 
MATTERS 
Our polar seas are particularly vulnerable to climate change, and 
melting ice and increasing temperatures could have a devastating 
impact on the endemic biodiversity of the region. One of the most 
abundant species in the Arctic Ocean is the Arctic cod (Boreogadus 
saida, also called polar cod), making it an ideal candidate to study 
the effects of climate change on prey fish populations, and the 
impact this will have on wider marine ecosystems. This is the focus 
of important research from Dr Caroline Bouchard at the Greenland 
Climate Research Centre and her collaborators.
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The juvenile stage has the largest temperature resilience range 
and can survive between -1˚C and 12°C (although waters above 
9°C cause their growth rate to slow down). As they are larger 
and better developed than the larvae, juveniles can feed on 
a greater variety of organisms and can survive a wider variety 
of habitats. Juvenile Arctic cod can descend further than the 
larvae but are still often sympagic, that is, living beneath sea 
ice. 

Immature Arctic cod are more than a year or two but have not 
yet sexually matured. Dr Bouchard reports that waters warmer 
than around 6°C will negatively impact the development of the 
immature Arctic cod. Immature individuals have a much wider 
range of feeding areas than the early life stages and are not as 
reliant on sea ice as juveniles for food and protection. 
Adult cod have the widest range of habitats, being found in 
deeper waters both offshore, in coastal waters, and in fjords. Dr 
Bouchard says that, unlike in the earlier stages of development, 
sea ice does not play such an important role for the adult 
Arctic cod. Adult Arctic cod can be found in water reaching up 
to 13.5°C, but they prefer waters in the range of 3–10°C. Adult 
Arctic cod have multiple spawning cycles over their 6-year 
life span, but those in warmer waters tend to have lower egg 
counts and are smaller than Arctic cod spawning in colder 
climes. 

A Changing World for Arctic Cod

The newly published review identifies several major areas in 
which climate change will likely affect the Arctic environment. 
Many of the Arctic cod’s life cycle stages are negatively 
impacted by temperatures above 6°C, and several studies have 
shown that changing ocean temperatures are causing a general 
retreat northward. As temperatures become too warm, Arctic 
cod will seek to move further north to thrive. However, as the 
areas of warm water creep northwards, the Arctic cod will be 
confined to an increasingly smaller area. 

Changing temperatures will also affect the amount and type 
of various species the Arctic cod prey upon. Larvae are most 
likely to be negatively affected by this, as they have much 
lower energy reserves and are limited in the prey they can 
consume. Additionally, as temperatures rise, the Arctic cod will 
see greater competition and predation from species migrating 
from warmer waters. Arctic cod larvae have an advantage here 
as they hatch earlier than many other fish species, but from the 
juvenile stage onwards, the species will be in direct competition 
with other fish species for food. Dr Bouchard notes that it is 
much less easy to determine the impact that new predatory 
species will have on Arctic cod, as new prey species will arrive 
at the same time that existing ones move northwards.

Other than population movement, increasing temperatures will 
also cause more physical changes to the environment. Reduced 
sea ice coverage is likely to reduce the population of Arctic cod 
that survive to adulthood because it protects the eggs and 
provides nursery and feeding grounds for the early life stages. 
Warmer temperatures and changing weather patterns change 
river and meltwater input into the coastal regions of the Arctic, 
causing changes in water temperatures and also the nutrients 
available. 

Dr Bouchard stresses that this research is far from complete, 
and there are many questions that still need to be answered. 
Questions about the Arctic cod’s migratory habits and 
spawning locations still require answers, and the exact 
relationships between young Arctic cod and sea ice coverage 
need to be determined. However, it is clear that climate change 
will have a detrimental effect on the populations of Arctic cod 
around the Arctic. This newly published review gives us further 
warning that the impacts of climate change are likely to be 
far-reaching and highly disruptive unless critical action is taken 
now.

Arctic cod eggs and larvae are particularly vulnerable to climatic changes such as warming water and declining sea ice.  
Reproduced with permission from Dr Morgan Bender (https://www.morganbender.com/)
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