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Imagine you are a fish, a polar cod, living in the ocean about halfway

betweenNorway and the North Pole. In the old days, there used to be

ice on the sea all winter. In summer, the icemelted. Themelting of the

ice marked the start of a hectic period with 24h of daylight, plenty of

food, and good conditions for building up your body fat reserves. In

late fall, the sea surface froze again, very little light reached the sea,

and it was time to rest and live on the fat reserves acquired during

summer. In recent years, the sea water temperatures have risen, and

a lot of the sea ice has melted. How have these changes influenced

the polar cod and other creatures living in the oceans far north?

THE POLAR COD—A TRUE ICE BATHER

Did you know that sea water can be colder than 0◦C (32◦F) without
freezing? While freshwater freezes at 0◦C, the salt in the sea water
prevents the sea water from freezing until it reaches about −2◦C. Fish
that swim in such cold waters may, however, freeze and die. Only very
hardy fish species can live in this environment. Polar cod (called Arctic

POLAR COD

A small fish species that
lives in sea areas
around the Arctic.
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Figure 1

Figure 1

Polar cod and its
competitor, capelin.
The line shows the
scale (10 cm is ∼4
inches). Photo: Leif
Chr. Stige.

cod in America) is one such hardy species (Figure 1). Polar cod is a
relative of the better-known cod that you may have heard of or even
eaten, but is a di�erent species. To handle the cold, the polar cod
have anti-freeze chemicals in their blood, similar to the way people
in cold countries pour anti-freeze into their car engines in winter.
The warmer-water relatives of polar cod have no such anti-freeze
chemicals, so they wisely avoid very cold waters.

WHICHOCEAN AREAS AREWE TALKING ABOUT?

Polar cod is one of the most numerous fish species in the northern
Barents Sea [1]. The Barents Sea is part of the Arctic Ocean, which
is the sea area north of Europe, Asia, and America, with the North
Pole at its center (Figure 2). Sea ice covers the central parts of the
Arctic Ocean all year-round. In areas farther south, the sea ice melts
in summer and freezes again in fall. Even farther south, there is no
sea ice at all. In recent decades, the temperatures on earth have
risen due to human activities. As a result, much of the sea ice in the
Arctic Ocean hasmelted. Many areas that were previously ice-covered
year-round are now ice-free in summer, and many areas that were
previously ice-covered in winter and ice-free in summer are now
ice-free year-round [2]. One area where these changes are taking
place is the Barents Sea.

WHAT DIDWE STUDY?

The Barents Sea is the home of large populations of fish, seals,
and other animals. Many fishing boats fish in the Barents Sea. Also,
scientists regularly go into the Barents Sea on research ships, to find
out how many fish are there and how many fish can be harvested
by fishermen without depleting the populations. The research ships
go on zig-zag routes across the ocean and count the fish along the
way, using di�erent kinds of fish-catching and fish-sensing equipment.
The scientists calculate the total number of fish by assuming that fish
occur in similar numbers between the zigzag tracks as along those
tracks. The scientists also assess the living conditions of the fish: the
temperature of the water, how much ice there is, and how many
animals there are for the fish to eat (the fishes’ prey).

PREY

An organism that is
killed and eaten by
a predator.
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Figure 2

Figure 2

The location of the
Barents Sea.

Figure 3

Figure 3

Who eats whom in the
northern Barents Sea?
A simplified food web
of the Barents Sea, with
arrows pointing from
the key predators
(those who eat), in this
case capelin and polar
cod, to their prey
(those who are eaten).

In a recent study, we analyzed some of these data, from the 1980s
until now, to investigate how the changes in sea ice have a�ected the
fish and their prey. Over this timespan, there have been many years
with little sea ice, many years with lots of sea ice, and many years
with intermediate amounts of sea ice. In our study, we compared how
the numbers of individuals of di�erent species of fish and their prey
changed from 1 year to the next, depending on sea ice conditions and
the numbers of individuals of each of the species (Figure 3 shows the
food web of the organisms we studied).

WHATMAY HAPPEN TO THE POLAR COD IF THE SEA ICE

DISAPPEARS?

The young polar cod like to swim just under the ice and hide in crevices
in the ice if their predators come along. The predators are animals that

PREDATOR

An animal that kills and
eats individuals of
other species.

like to eat polar cod, and include other fish species, seals, and sea birds.
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Polar cod, in turn, are predators of smaller animals, whichwewill come
back to soon.What happenswhen the ice disappears? The young polar
codwill have nowhere to hide frompredators. Theremay also bemore
predators around, as higher temperatures allow less-hardy fish species
to move in from the south—fish species that like to eat polar cod. On
the other hand, decreased amounts of sea ice can also be good for
the polar cod, because the spring arrives earlier and the polar cod
have more time to swim around, eat, and build up body fat reserves
for the winter. It is not obvious if the good e�ects or the bad e�ects of
decreased sea ice are strongest. We were therefore curious whether
the numbers of polar cod tended to increase or decrease in years with
little sea ice. But, before revealing what we found for polar cod, let us
consider some of its competitors and prey.

THE CAPELIN—A LONG-DISTANCEMIGRANT

Another fish species that visits the northern Barents Sea each summer
is capelin [1, 3]. In winter, the capelin swim to areas a bit farther

CAPELIN

Another small fish
species that competes
with polar cod for food.

south, where waters are not quite as cold as in the northern Barents
Sea and the sea surface does not freeze. In summer, the capelin
follow the retreating ice edge northwards, feeding on the plentiful
prey organisms found in the waters where the sea ice has recently
retreated. Capelin eat many of the same prey organisms that polar cod
eat; capelin and polar cod are therefore competitors [4].

We found that the capelin population tended to grow in warm years
with little sea ice, possibly because their feeding area was larger during
these years. The ups and downs in the capelin population did not
depend only on sea ice. It also depended on the numbers of prey
and predators: not surprisingly, the capelin population increased the
most in years with few predators and many prey. The main predator
a�ecting the capelin was the cod (not the polar cod, but the relative
without anti-freeze chemicals). The main prey a�ecting the capelin
was krill.

KRILL

Small shrimp-like
animals with many legs.
A key prey of capelin.

KRILL—“MINI-SHRIMPS”

Krill look somewhat like miniature shrimps. Both krill and shrimps
belong to a group of organisms called crustaceans, which have a hard
shell and many legs. Krill have ten legs, which they use for swimming.
Most krill species do not like very cold temperatures, and there are
fewer krill in the northern Barents Sea than in the warmer waters to
the south. In years with little sea ice, we found that the number of krill
tended to increase in the northern Barents Sea, most likely because
they drifted with the currents from the areas farther south.

For the krill, the benefit of a warm year with little sea ice appeared to
be only short-term. As youmay remember, the number of capelin also
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increased in warm years with little sea ice, and capelin eat krill. Hence,
more krill were eaten by capelin for several years after a year with little
sea ice, because there were more capelin around. In other words, the
short-term e�ect of little sea ice on krill in the northern Barents Sea
was good, but the long-term e�ect was bad.

WHAT HAPPENED TOOTHER PREY ORGANISMS?

We also looked into what happened to other small crustaceans that
are prey of polar cod and capelin. In short, the main prey of polar cod
were reduced in numbers during warm years with little sea ice.

BACK TO THE POLAR COD

To our surprise, we found no association between the ups and downs
in the polar cod population and the sea ice conditions. The changes
in the polar cod population also showed no relation to the numbers
of polar cod’s prey and predators. We therefore found no evidence
for e�ects of sea ice on polar cod. This lack of association may mean
that, so far, the polar cod has been tough enough to withstand the
changes in sea ice, and that other factors besides the amount of sea
ice have been more important for driving the changes in the polar cod
population. Perhaps, so far, the good and bad e�ects of decreasing
sea ice have canceled each other out? We do not know, and we plan
to investigate this question in more detail in future studies.

WHY ARE THESE FINDINGS IMPORTANT?

Understanding how climate influences ecosystems is important
for protecting species that are threatened by climate change and
for adjusting human activities, such as fishing. For example, fish
populations that grow and survive better in a warmer climate may
tolerate more fishing in the future than today. Other fish populations
may tolerate less fishing and become over depleted unless we reduce
the fishing pressure.

By investigating the changes in all these species, we separated the
direct and the indirect e�ects of sea ice changes on each species.
By direct e�ects, we here mean the short-term e�ects, such as how
a decreased amount of sea ice was good for krill in the short term
because more krill drifted in from the south. By indirect e�ects, we
mean the longer-term e�ects that happen through other species, such
as how a decreased amount of sea ice was bad for the krill in the
long-term, because the number of capelin increased. In fact, we found
that the indirect e�ects were just as important as the direct e�ects. A
take-home lesson from our study is that the indirect e�ects of climate
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change through other species may be just as important or even more
important than the direct e�ects on species, such as polar cod.

The long-term fate of the polar cod in a warmer climate remains
uncertain. The polar cod probably need sea ice to protect their
young, which may force them to move northwards as the ocean
temperature rises [5]. Whether the polar cod will thrive in the areas
farther north depends not only on the sea ice, but also on what
happens to their prey, competitors, and predators. By understanding
these relationships, our research can help to protect the polar cod,
and possibly other fish species, as the earth’s climate continues
to change.
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