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SEA-ICE ORGANISMS FACE HUMAN THREATS
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Sea ice, frozen seawater, is more than a “white desert” in the

Earth’s polar regions. The solid part of sea ice is mostly pure

ice, similar to what you could make by putting tap water in a

freezer. It also contains an intricate network of pores, pockets, and

channels—known as a brine network—which develops each season.

The brine network is filled with a very salty solution that contains

nutrients that ice-associated organisms (bacteria, algae, and small

animals) use as food. Algae are especially important because they

remove carbon dioxide from the atmosphere and provide someof the

oxygen we breathe every day. However, ice organisms are witnessing

the consequences of human pollution and climate change. Although

the polar regions are located far from human areas, the ocean
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circulation carries pollutants to the poles. This article examines

what is happening in the seemingly inhospitable but crowded brine

network, including the latest observations on the accumulation of

human pollution.

SEA-ICE: A CONSTANTLY CHANGING ENVIRONMENT

During Antarctic wintertime, a large part of the Southern Ocean
is covered with a white “blanket”, called sea ice. Sea ice is frozen
seawater, containing so little salt that you would hardly notice if you
tasted it. When water freezes, most of the salt from seawater does not
become part of the ice itself, but ends up inside channels and pockets
within the ice, called a brine network. Brine is the name for waterBRINE NETWORK

Highway within the ice
characterized by cold
and salty water, and
hosting nutrients,
dissolved gases,
and organisms.

with a lot of salt dissolved in it, and the saltier the brine, the lower the
temperature required to freeze it. Saltiness is the reason why seawater
freezes at −1.8◦C, while pure water freezes at 0◦C.

Temperature varies within sea ice, and so does the structure of the
brine network. Small brine pockets are stable in winter, when ice can
get as cold as −30◦C due to very low air temperatures. In spring, sea
ice warms up, reaching approximately 0◦C, and pockets open into
channels [1]. The resulting structure has tree-like branches (Figure 1a).
While sea ice is growing during autumn and winter, these channels
exist in the 10–20cm of ice closest to the water [2]. It is relatively
warm in this bottom layer because the seawater below the ice can
usually only get as cold as −1.8◦C [3]. When the upper parts of the sea
ice warm up in spring, channels can extend from the top of the ice all
the way to the bottom. The channels grow from the top of the ice to
the bottom due to saltiness: salt is heavier than water, which means
that brine is heavier than both ice and seawater. As the ice warms,
brine melts it and moves downwards due to gravity. Some seawater
can move upward to replace the downward moving brine, bringing
nutrients, dissolved gases, and small organisms, into the ice. Sea ice is
thus a very active, constantly changing environment (Figure 1b).

Figure 1

Figure 1

(a) A piece of sea
ice, called an ice floe,
with brine channels
(the string-like
structure) and pockets
(any enlargement along
the channels) near the
bottom. (b) A zoomed
image shows two
copepods moving
across a brine channel,
reaching other
organisms in a brine
pocket. Sizes do not
represent the real
dimensions of the
organisms—they are
actually extremely tiny.

kids.frontiersin.org March 2024 | Volume 12 | Article 1043659 | 2

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1043659
https://kids.frontiersin.org/article/10.3389/frym.2024.1043659
https://kids.frontiersin.org/article/10.3389/frym.2024.1043659


Genovese et al.

WHO LIVES INSIDE SEA ICE?

Each season, the cycle of freezing and melting and the formation
of the brine network means that only tiny organisms that are very
flexible to changes in temperature, salinity, and light can grow in

SALINITY

Quantity (mass) of salts
in a given volume of
water.

sea-ice channels. Since the temperature in sea ice is very low,
organisms produce anti-freeze compounds to prevent their cells from
freezing—the same compounds we use to soften ice cream! Other
organisms produce substances that help them cope with changing
salinity. But why would any organism want to live in sea ice? Well,
the brine pockets are very small and larger organisms cannot get
in, so they can provide shelter for tiny organisms. The community
within brine pockets consists of invertebrates, such as very tiny
copepods, or worm-like organisms known as nematodes. We also

COPEPODS

Tiny shrimp-like
animals, part of the
group of animals
called crustaceans.

find microorganisms such as microalgae, bacteria, or viruses (Figure
1b). While copepods are big enough to be spotted with the naked
eye, other organisms are so small that you need a microscope to
see their fascinating shapes. When a chunk of ice is tipped over, its
underside appears brown (Figure 2a). The brown color comes from
tiny ice-associated algae called diatoms. To slide through the brine

DIATOMS

One-celled organisms
that are one of the
most common types of
phytoplankton (i.e.,
tiny, “light-eating”
organisms floating in
the surface ocean).
Diatoms can be single
cells, or form chains or
small groups called
aggregates.

channels, diatoms eject slimy stu� through an opening in their shells.
Some diatoms build long chains (Figure 2b) or produce mucus around
small single cells (Figure 2c) or have shells with interesting shapes
(Figure 2d).

THE IMPORTANT ROLE OF SEA-ICE ALGAE

Algae are important because they remove carbon dioxide from the
atmosphere and provide about half of the oxygen we breathe every
day. Algae are the base of the polar foodweb. Through photosynthesis,
they “eat” sunlight, carbon dioxide, and water to produce food for
themselves—and eventually for other organisms that eat them. Algae
are eaten by small animals called zooplankton, like copepods (Figures
2e–g), and zooplankton are then eaten by fish. When there are not
enough nutrients in the brine channels, algae eventually die; bacteria
(Figure 2h) and fungi start eating the dead material, such as the slimy
stu� released by diatoms. This process is called decomposition, and
it provides fresh nutrients that can then be used again by organisms
living nearby. This e�cient recycling system within the ice is called a
microbial loop, and it is a very important way to bring carbon back

MICROBIAL LOOP

Cycle of organic
material that is
produced and
decomposed by
di�erent
microbial organisms

to other organisms in the food web. Overall, sea-ice organisms have
an important role in polar marine ecosystems as a rich food source,
forming the base of the polar food web.

MICROPLASTICS: A MAJOR THREAT FOR

MICROORGANISMS AND THE ENVIRONMENT

The sea-ice ecosystem is under threat from man-made pollution.
The polar regions are far away from cities and factories, but we

kids.frontiersin.org March 2024 | Volume 12 | Article 1043659 | 3

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1043659
https://kids.frontiersin.org/article/10.3389/frym.2024.1043659
https://kids.frontiersin.org/article/10.3389/frym.2024.1043659


Genovese et al.

Figure 2

Figure 2

(a) A flipped-over piece
of sea ice reveals a
brown color
underneath, due to
growth of sea-ice
microalgae, likely
diatoms; (b) a typical
chain-forming type of
diatom; (c) foam algae,
in which very tiny cells
live in a ball-shaped
colony; (d) a small
dinoflagellate with little
“horns”; (e, f) “baby”
copepods; (g) a
copepod eating
diatoms; and (h)

sea-ice bacteria stained
with a red dye to make
them more visible
(image credits: (a)
Mareike Bach; (b–g)
Ilka Peeken (@AWI); (h)
Eeva Eronen-Rasimus).

find pollution from other parts of the world within the ice. One
of these is plastic, recently identified as a major threat to aquatic
(water-based) ecosystems worldwide. About 40% of plastic in the
oceans is single-use plastic (bottles, cutlery, bags, etc.). The remaining
60% is mostly waste from our homes (washing), factories, or fishing
gear. Cities and coastal areas have the highest amounts of plastics;
however, rivers, groundwater, ocean currents, and currents in the
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atmosphere can carry plastics all the way to remote polar areas (Figure
3). During this travel, physical and chemical processes (sunlight, high
temperatures, wind and wave action, and microbial decomposition)
break down plastics, resulting in very small plastic fragments. When
the fragments are smaller than 0.5 cm, they are called microplastics.

MICROPLASTICS

Pieces of plastic
material smaller than
5 mm

When sea ice forms, microplastics can end up accumulating within
it [4].

Figure 3

Figure 3

Plastics and persistent
organic pollutants can
make their way from
their production sites
to the oceans. Lots of
single-use plastic can
be found wherever
humans are found.
Breakdown produces
microplastics (colored
polygons), which meet
up with more plastics
and persistent organic
pollutants (hexagons)
that come from
industrial processes, as
well as washing and
farming. Microplastics
and persistent organic
pollutants found in
land, rivers, and
groundwater can reach
the polar ocean and
enter the ice.
Microplastics and
persistent organic
pollutants can also be
transported through
the atmosphere and
the oceans, reaching
the polar regions and
entering the ice.

The microplastic particles in sea ice are the same size as diatoms and
therefore can be eaten by very small animals, such as copepods. The
consequences can be serious: due to their small size, microplastics
can clog an organism’s internal pathways or act as food, filling the
stomach and causing the organism to starve to death. Microplastics
can harm algae so they cannot perform photosynthesis, microplastic
particles can compete for space in brine channels. Microplastics also
o�er “free rides” to species that do not belong in the polar ocean
and can compete with local species. Furthermore, plastics can release
some chemicals that are harmful to animals. A recent United Nations
report highlights that there are 51 trillion microplastic particles in the
seas, and these numbers are increasing [5]. Researchers are still trying
to understand the paths that microplastics take and the e�ects they
can have. From what we know now, it is important to use less plastic
so that less of it ends up in the environment.

OTHER DANGEROUS POLLUTANTS

Another type of life-threatening compound present in sea ice is called
persistent organic pollutants. These compounds were first produced

PERSISTENT

ORGANIC

POLLUTANTS

Substances present in
concentrations that
may harm humans,
plants, and animals.
Persistent organic
pollutants can stick to
fatty substances for a
long time.

in the 1920s and 1930s for use in industries (e.g., burning ofwaste, steel
industry, road transport) and agriculture (e.g., insecticides, pesticides).
Air and ocean circulation carry persistent organic pollutants to the
polar regions. These compounds can turn into vapor (gas) at high
temperatures (near the equator) and then turn back to liquid at low
temperatures (in polar regions). They are called “persistent” because
they can remain in soil and water for long periods, and they are very
di�cult to get rid of [6].
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Persistent organic pollutants are extremely dangerous to polar
organisms because these substances can build up in fat and polar
animals are very fatty—fat allows them to survive the long, cold
winter. Small polar organisms have a low persistent organic pollutant
content, but the concentrations found in larger organisms (e.g.,
super-predators like sharks, orcas, and even humans), which feed
on smaller contaminated organisms, can be up to 200,000 times
the ocean concentration! This process of increasing concentration
along the food chain is called biomagnification, and it is very

BIOMAGNIFICATION

Increase in
concentration of a
pollutant along the
trophic chain.

dangerous. Eating fatty tissues containing persistent organic pollutants
can cause problems with the immune system, reproductive system,
and nervous system, as well as behavioral abnormalities. As climate
change and melting of Antarctic glaciers seems to be increasing the
concentrations of these pollutants [6], 91 countries and the European
community signed the Stockholm Convention in 2001, agreeing to
reduce or eliminate the production of 12 key persistent organic
pollutants. Although the number of pollutants in the agreement
increased to 24 by 2017, developing countries are still producing
these compounds for the rest of the world, so the problem is
not solved.

CONCLUSION

Although sea ice is a very extreme habitat, many organisms are
specifically adapted to live in this environment. Their ability to
make homes in the tree-like structure of the sea-ice brine network
is endangered, due to the accumulation of man-made pollution
such as microplastics and persistent organic pollutants, as well as
climate warming. Within sea ice, microplastics and persistent organic
pollutants accumulatewith as-yet unknown consequences for sea-ice
organisms, which are an important food source in the Southern
Ocean ecosystem. International agreements are trying to reduce the
production of plastics and change industrial processes that produce
dangerous pollutants. But people still act very carelessly—these
pollutants and plastics are still accumulating in rivers and oceans.
More “green” actions are needed, no matter where we live, to raise
awareness of these threats and protect the sea ice and the organisms
that live there.
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