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Sea ice is an important habitat for many organisms, from the

microscopic up to large mammals like seals and polar bears.

Small animals called zooplankton can feed directly on microscopic

plant-like sea-ice algae. Larger animals, such as fish can, in turn,

feed on zooplankton, seals feed on fish and larger zooplankton, and

polar bears hunt seals. In this way, energy is transferred from algae

all the way up the food chain to polar bears. Rising temperatures

have resulted in changes to Arctic sea-ice habitats. These changes

will a�ect top predators’ habitats for hunting, feeding, and breeding,

and will change the energy transfer from sea-ice algae up through

the food chain. By studying the fat content of algae and animals, we

found that sea-ice algae ensure the survival of many Arctic animals.

Thus, changing sea-ice habitats can result in empty stomachs for

zooplankton and, consequently, for top predators.
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SEA ICE: A COZY HOME FORMICROSCOPIC

ORGANISMS

During autumn and winter, the extremely low temperatures in the
Arctic result in the formation of sea ice that floats on the ocean surface.
Due to the presence of salt in seawater, small pockets, called brine
channels, are formed within the sea ice. These brine channels are
very important features of sea ice, because they enable plants and
animals to live in, and to move throughout, the ice. One group of
microscopic plant-like organisms growing within and underneath the
sea ice is called sea-ice algae. To grow and reproduce, sea-ice algae

SEA-ICE ALGAE

Algae that live within
the sea ice, mainly
close to the sea
ice-water interface.

require light for photosynthesis. In photosynthesis, the algae absorb
carbon dioxide (CO2) from the ocean and atmosphere and transform
it into fats and sugars, using energy from sunlight. These compounds
serve as an energy source for organisms that feed on sea-ice algae.
During Arctic winter, there is not enough light for photosynthesis, so
algae cannot grow. In spring, the light increases, and sea-ice algae
grow rapidly, which is referred to as the ice-algal bloom. The higher
temperatures in spring soften the sea ice and the bottom ice starts
to melt. Sea-ice algae in the bottom of the sea ice are then released
into the water, where they are eaten by highly specialized animals,
called grazers.

Thirty years ago, the Arctic Ocean was dominated by very old, thick
sea ice called multiyear ice. Multiyear ice is ice that has survived one
or more summer melt seasons (Figures 1a,c). Most of this multiyear
ice was 5–10 years old and reached thicknesses over 10m. Today, this
old, thick, multiyear ice has almost disappeared, and the remaining
multiyear ice is dominated by 2–4-years-old ice with 2 to 5m ice
thickness [1]. This remaining multiyear ice is now found primarily in
a small area between Canada, Greenland, and the North Pole—the
so-called Last Ice Area. As the Arctic sea-ice habitat continues to
change, the Last Ice Areamay become an important refuge for animals
that depend on sea ice for survival.

Because of its presence year-round, multiyear ice is a particularly
important habitat within the Arctic ecosystem [2]. Due to climate
change, however, multiyear ice is being replaced by thinner, younger
sea ice called first-year ice. This is sea ice that has NOT survived a
summermelt season and is thus<1 year from formation (Figures 1a,b).
Multiyear ice and first-year ice provide di�erent habitats for Arctic
animals. For example, sea-ice ridges, which form when ice floes crash
into each other (just like mountains form when tectonic plates crash
together), are unique habitat features that we know very little about.
However, we know that sea-ice ridges form more easily when the ice
is thinner, so it is likely that the number of sea-ice ridge habitats will
increase as multiyear ice is replaced by thinner first-year ice.

With our research, we try to shed some light on the importance of
di�erent sea-ice habitats for marine animals. We try to understand
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Figure 1

Figure 1

Comparison of first-year
and multiyear sea ice.
(a) Development of sea
ice and snow
accumulation, showing
the transition from
first-year to multiyear
sea ice. (b) First-year
sea ice, and (c)

multiyear sea ice have
di�erent habitat
properties. Size of
yellow arrows
corresponds to amount
of light. Green patches
are sea-ice algae.

what will be on the grazers’ menu if there is less sea-ice algae in the
future Arctic Ocean, and how that will impact top predators.

WHO EATS SEA-ICE ALGAE: THE ARCTIC FOODWEB

In the Arctic Ocean, sea-ice algae and algae that live in the open
PHYTOPLANKTON

Algae that live in the
water column, and that
are transported with
the ocean currents.

water (called phytoplankton) represent the base of the marine
food chain. These algae are called primary producers, because they
convert energy from the sun into chemicals that can be used by
the organisms higher in the food chain, called consumers. After
algae, the next trophic level in the food chain includes small animals

TROPHIC LEVEL

“Who eats whom”—the
position of an animal
within a food web.
Animals feeding on
algae are lower in the
food chain than
animals feeding on
both algae and other
animals or strictly on
other animals.

called zooplankton that feed on sea-ice algae, phytoplankton, or
both. Further up the food chain, larger zooplankton feed on smaller
zooplankton. These larger zooplankton are a tasty energy source
for fish, which are, in turn, on the menu for seals. Lastly, seals
are consumed by polar bears. Seals and polar bears are called top
predators, which means they represent the endpoints of the food
chain. In reality, the interaction of the members of the food chain is
a bit messier, because many animals have more than one food source,
which is why the who-eats-whom connections are usually called a
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Figure 2

Figure 2

(a) Simplified structure
of the Arctic food web.
Energy is transferred
from the lowest trophic
levels to the top
predators. (b) Benjamin
A. Lange takes sea-ice
cores (in the
background: German
icebreaker Polarstern).
(c) Surface and
under-ice trawl (SUIT)
for sampling organisms
living directly
underneath the ice. (d)
An example of a large
zooplankton,
Gammarus wilkitzkii,
that is a sympagic
amphipod. (e) Polar
cod Boreogadus saida

feed on copepods and
amphipods.

foodweb (Figure 2a).Within themarine foodweb, energy is transferred
from one trophic level to another in the form of carbon, which is an
important component of energy-containingmolecules. Top predators

ZOOPLANKTON

Small marine animals
that drift with the
ocean current. They are
an important link
between algae and
higher trophic levels by
transferring energy
along the marine
food chain.

are indirectly dependent on sea-ice algae and phytoplankton because
the carbon produced by these algae ends up in the top predators’
bodies. Almost all processes within the food web are connected to
each other. That means, if something changes at the base of the
food web, there can be a domino e�ect all the way up to seals and
polar bears.

HOWDOWE KNOWWHATWE KNOW?

Polar researchers use ice corers, long tubes with sharp blades at their
ends (Figure 2b), to drill holes into the ice to extract sea-ice cores
for study. Since sea ice can be several meters thick, drilling ice cores
is very time-consuming and labor-intensive! To collect zooplankton
and fish, we use nets that are lowered into the water. Some animals
live at the sea ice-water interface, directly underneath the ice. These
animals can be caught by scuba divers or with special nets that can
move directly underneath the ice (Figure 2c). Other zooplankton are
pelagic, whichmeans they spendmost of their time in the open ocean

PELAGIC

Lifestyle of animals that
spend most of their
lives in deep water.
Pelagic animals feed on
phytoplankton and can
also use sea-ice algae
as a food source.

(NOT near sea ice) at di�erent water depths. To obtain samples from
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seals or polar bears, researchers work closely with local Inuit hunters,
who can provide muscle, blubber, and organ samples.

Next, in the lab, we investigate the lipid content in the algae and
animals we collect, which can tell us about where the carbon in the
animals’ bodies originated from. Lipids are fats, and they are made
of large carbon-containing molecules called fatty acids. Ice algae
and other primary producers make certain fatty acids called marker
fatty acids, which are transferred unchanged to animals when the
algae are eaten, all the way up to seals and polar bears. Sea-ice
algae and phytoplankton can each produce their own set of marker
fatty acids. This gives us the great opportunity to distinguish the
origin of the carbon in the consumers, meaning we can tell if the
organism of interest prefers to eat sea-ice algae or phytoplankton, or
a combination of both.

MANY ARCTIC ANIMALS NEED SEA-ICE ALGAE FOR THEIR

SURVIVAL

Most animals have mixed diets and receive their energy from
both sea-ice algae and phytoplankton. However, some zooplankton,
including small crustaceans called amphipods (Figure 2d), spend most
of their lives in close association with sea ice (called a sympagic

SYMPAGIC

Lifestyle of animals that
live in close association
to sea ice. Sympagic
animals can use sea ice
as shelter from
predators and/or as a
feeding habitat. Some
animals switch
between pelagic and
sympagic lifestyles
during di�erent times
of the year.

lifestyle). Sympagic organisms use the sea ice as a place to live,
feed, and hide from predators. We found that the carbon consumed
by the sympagic amphipod Apherusa glacialis was almost entirely
from sea-ice algae [3] (Figure 3). In other words, those animals are
almost 100% dependent on sea-ice algae for their survival! Polar cod
(Figure 2e) is an important fish species in the Arctic Ocean, because
it is a popular food source for seals and birds. Polar cod can feed
on sympagic amphipods, which means this species is also highly
dependent on sea-ice algae [4]. Even higher up the food chain, sea-ice
algae can be important in the diets of di�erent seals and polar bears
[5, 6].

WHAT HAPPENSWHEN THE SEA ICE MELTS AND SEA-ICE

ALGAE ARE SCARCE?

Currently, it is a bit tricky to predict how ongoing climate warming
will a�ect the future of marine animals. For many Arctic animals, our
knowledge of what, when, and howmuch they eat is still rather limited.
We know that some species are more sensitive to climate change
than others, for example sympagic animals. From our results, we can
assume that the survival of these ice-associated animals, including
those of low and high trophic levels, will be threatened when the sea
ice disappears. However, another possibility, and one we can hope for,
is that these animals will find a way to cope with the environmental
changes, by finding alternative food sources or seeking refuge in
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Figure 3

Figure 3

Maximum percentage
of carbon produced by
sea-ice algae in the
bodies of various Arctic
animals. The amount of
carbon was identified
using several laboratory
methods [3, 4].
Sympagic amphipods
are sea ice-associated
crustaceans. Pelagic
copepods, and other
amphipods spend most
of their lifecycles at
greater depths.

unique sea-ice habitats, such as sea-ice ridges. Studies like ours can
help to provide a better overview of the lifestyles of Arctic animals.
Our results can be linked to other studies to investigate possible
changes specific to a certain region or season. To fully understand
the challenges the Arctic food web will face, more information about
diets and lifestyles of Arctic animals and their vulnerability regarding
environmental changes needs to be collected in future studies.
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