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%5 5EEEYS Disappearing ice and shrinking polar bears
Andrew E. Derocher, Ph.D. (Professor, University of Alberta, Edmonton, Canada)

The polar bear (Ursus maritimus) evolved from a brown bear (U. arctos) ancestor to exploit a highly
specialized ecological niche as a predator of seals. Having rapidly diverged from brown bears in less than
150,000 years, they have adapted to a highly predatory way of life on the sea ice. Their anatomy, physiology,
behaviour, and ecology reflect this shift in habitat. The colour of polar bears is an adaptation for hunting,
their sharp curved claws are for grasping prey, their hairy feet provide warmth and traction, and their
elongated skull is an adaptation to cold and for catching fleeing seals. Unlike brown bears, all polar bears
except pregnant females remain active throughout the winter.

Polar bears receive the vast majority of their energy intake from two ice-obligate seals: the ringed seal
(Pusa hispida) and the bearded seal (Erignathus barbatus). While numerous other species are used
opportunistically, but few can provide the thick fat layer needed by polar bears to survive in such a harsh
environment.

Polar bears are a species of the annual sea ice over the Arctic continental shelves and rely on these
habitats to provide access to their prey. Ringed seals females give birth to their pups in snow lairs in spring
and are particularly vulnerable to polar bear predation. Bearded seal pups are born onto the surface of the ice
and provide a larger meal but they are much less abundant. During a brief period in the spring of about 3
months, polar bears take in the majority of their energy and store massive quantities of fat that they use to
survive periods when seals are less accessible. A pregnant female can increase her body mass up to 4 times
during the spring feeding period with most of the increase stored as fat. Pregnant females are the
record-holders for fasting and can go over 8 months without eating while giving birth to and nursing their
cubs. Up to 55% of a pregnant female’s autumn body mass can be lost over-winter with some bears using
almost 1 kg of stored fat per day. Cubs are born in mid-winter and are fed rich milk that can exceed 40% fat
content. By the time cubs leave the den, they have grown from a birth weight of about 0.7 kg up to 10 kg. At
their peak weight, adult females can exceed 450 kg and adult males 800 kg.

Polar bear populations are slow to increase because late maturation, small litter sizes (normally 2 cubs),
a prolonged mother-offspring bond (normally 2.5 years), and high adult survival rates mean that population
levels are normally close to the ecological limits and population growth rates are low. Populations of polar
bears, however, can be reduced quickly and the most dramatic evidence comes from excess harvest.

Commercial hunting of polar bears became an international conservation concern in the 1960s when
global populations were greatly reduced and this set the stage for development of the International
Agreement on Polar Bears in 1973 that brought about harvest controls and a global population recovery.
Populations recovered over the next 30 years and currently, there are 20,000 — 25,000 polar bears in 19
populations worldwide. Most populations in North American and Greenland are managed for a sustainable
harvest by Inuit. The threats posed by harvest are largely well managed but a new threat emerged in the
1990s when remote sensing data revealed that sea ice in the circumpolar Arctic was disappearing.

Loss of sea ice in the Arctic can be viewed simply as habitat loss although the affects of sea ice change
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are complex. Because polar bears are reliant on sea ice as the platform from which they hunt, mate, and
travel, changes to the extent or duration of ice cover have direct and indirect effects on polar bears. The main
concern is loss of access to prey and extended fasting periods. Because the prime feeding period occurs in
spring, earlier break-up of sea ice reduces the time that bears are able to feed and thus they accumulate less
fat. The second concern is that an earlier break-up extends the period that the bears must fast. In some areas,
such as the Hudson Bay in Canada, sea ice cover has declined by 7 days per decade and has now reduced the
on-ice period by almost 30 days and correspondingly has extended the fast by the same amount. The normal
fast in Hudson Bay used to be about 120 days. The ice in Hudson Bay broke up much earlier than normal but
has the potential to extend to 165 days this year depending on freeze-up. A fast of this length is sufficient to
greatly increase mortality due to starvation for any bear with less than average body weight.

The consequences of loss of sea ice are clearly evident in several populations and follow a predictable
pattern. The first symptom of climate change on polar bears is a loss of body condition noted by lower body
weights, this in turn results in fewer pregnant females having the fat reserves to fast over-winter so
reproductive output declines. Lighter females that manage to have cubs give birth to lighter cubs that in turn
have lower survival rates. Over a number of years, the population size begins to decline due to reduced
recruitment and lower survival. Other symptoms of climate change also become apparent. With less food, the
average size of polar bears shrinks as the structural size of polar bears declines. Body lengths can decline well
over 10% in cohorts that experience reduced nutrition.

The sea ice is a dynamic habitat and it has always been so but climate change is affecting the
predictability of the resources that polar bears need. Changes in the location of sea ice can result in unusual
mortality events. While a few polar bears have always died by drowning, as the ice moves further offshore in
summer it means that bears have to swim farther to reach the ice. More open water also means that storms
have the room to develop large waves. While polar bears can swim great distances (well over 150 km), when
storms occur in summer, increased drowning can result. Vulnerability to drowning varies in a population and
the effects of sea ice loss are more acute for young and old bears. A large fat adult male can swim much
farther than an adult female with young cubs. Hypothermia is a serious risk for small polar bears forced to
swim in cold water. In the first months of life, a young polar bear cannot survive more than 10-15 minutes in
the frigid waters of the Arctic.

All bear species overlap in their ecological roles with humans and polar bears are similar to terrestrial
bears in this aspect. As the sea ice has changed, the distribution of polar bears has changed and this has
resulted in shifting population boundaries. Another aspect of changing distribution is that more polar bears
are being seen in unusual locations far from their normal range. It seems that some bears lose contact with
the sea ice in summer and start wandering and many come in conflict with human settlements; some wander
hundreds of kilometres from the sea ice. Increasing human-bear conflicts is a major concern throughout the
Arctic and many communities are poorly prepared to deal with an invasion of polar bears.

Changing sea ice distribution also results in increased energetic costs to polar bears and increased home
ranges are one consequence. The sea ice can be thought of as a treadmill and thinner ice with more open

water moves more freely and the bears either drift with the ice or have to work against the drift. Drifting too
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far is dangerous because in many parts of the Arctic, the drift will take the bears into the open oceans and
away from their prey. Large increases in home range size in the Beaufort Sea suggest that the bears are
moving great distances to find better sea ice habitat. Declines in body condition and survival rates in this
population suggest that the population is in overall decline. If a bear uses more energy to walk then this
energy is not available for growth, storage, and reproduction.

As the sea ice changes, we are seeing shifts in the prey of polar bears. In some areas, ringed seals, the
main prey species, are declining and the bearded seal which prefers open water is increasing. In southern
areas, we are seeing more harbour seals, a temperate species, in the diet of polar bears but harbour seals
(Phoca vitulina) are not as abundant and cannot replace the extremely abundant ringed seals as the primary
prey. Other more southern marine mammal species are moving northward. We are seeing more harp seals
in the Arctic and in areas where the sea ice is declining very fast, killer whales (Orcinus orca) are increasing.
Killer whales are a direct competitor for seals but they are only found where the sea ice is very open. The
edges of the Arctic marine ecosystem are already shifting towards the species found in the north Pacific and
Atlantic oceans. New species also bring potential disease and parasites.

Other changes in polar bear populations are more difficult to assess. Increasingly, we are observing
more infanticide and cannibalism in polar bears. Infanticide and cannibalism occurs in all bear species but it
is often used by adult males as a mating tactic. In polar bears, such events are usually associated with skinny
adult males that are in poor condition and they eat their victims. It is difficult to tie such observations
directly to climate change but nutritionally stressed animals do desperate things. Several adult females have
been killed and increased mortality from cannibalism is an added pressure to a population.

There are additional factors that stress polar bears. Pollution from industrial and agricultural activities
in the south is transported to the north where they enter the marine food web. The high fat diet and top
predator role of polar bears means many pollutants are reaching alarming levels in polar bears. We know
that hormone regulation, development, and the immune system of polar bears are negatively affected by
pollution. When polar bears are stressed by lack of food, we are concerned that we may see increased
pollution effects.

Ultimately, the biggest concern for polar bears is the decline of both population size and the distribution
of the species. Predictions for population declines range from 30% to 66% by mid-century and we will lose up
to 12 of the 19 global populations. We have already documented declines in some areas and many other
populations appear poised to decline as well.

The Arctic is seeing massive changes in sea ice cover and with this, exploration for oil, gas, gold and
diamonds is rapidly increasing. With development, new stressors on polar bears are additional concerns for
their long-term conservation. While polar bears are still abundant at this time, as the sea ice disappears,
polar bears are shrinking in body size, and abundance.

The future does not look promising although polar bears should survive to the end of this century in the
very north in Canada and Greenland. Controlling human caused climate change by reducing greenhouse

gasses is the only real conservation response for polar bears.
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