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STATUS REVIEW OF THE
POLAR BEAR (Ursus maritimus)

1. Introduction to Polar Bear Status Review

On February 16, 2005, the Center for Biological Diversity (CBD) filed a petition with the U.S.
Fish and Wildlife Service (Service) to list the polar bear (Ursus maritimus) as threatened
throughout its range, pursuant to the Endangered Species Act of 1973, as amended (16 U.S.C.
1531 et seq.) (Act). On July 5, 2005, Natural Resources Defense Council and Greenpeace, Inc.
joined CBD as petitioners.

Section 4(b)(3)(A) of the Act requires that we make a finding on whether a petition to list a
species presents substantial scientific or commercial information indicating that the petitioned
action may be warranted. To the maximum extent practicable, this finding is to be made within
90 days of receipt of the petition, and the finding is to be published promptly in the Federal
Register. On February 9, 2006, the Service published a positive 90-day finding in the Federal
Register (meaning that we determined that the petition did present substantial scientific or
commercial information that listing the polar bear under the Act may be warranted), and

promptly initiated a status review of the species as required under the Act (USFWS 2006a).

The purpose of the status review/assessment is to obtain, synthesize, and evaluate the best
available scientific and commercial data on the status of the polar bear and threats thereto.
Information in the status assessment is to form the basis for the next finding the Act requires the
Service to make, the 12-month finding that the petitioned action is either: (1) warranted; (2) not

warranted; or (3) warranted but precluded.

To ensure that the status review would be complete and based on the best available scientific and

commercial information, we solicited information from the public on the status of the polar bear



in two separate public comment periods announced in the Federal Register (USFWS 2006a,
2006b). In accordance with Office of Management and Budget and Service policy and
guidelines for peer review, we also provided a draft of this status assessment to experts in the
field of polar bear biology, climatology, toxicology, and/or, traditional ecological knowledge.
We appreciate the comments we received from the peer reviewers and have incorporated them

where appropriate.

This document constitutes the Service’s “Range-Wide Polar Bear (Ursus maritimus) Status
Review”. It is intended to be a detailed and comprehensive assessment of the status of

knowledge of the species and threats thereto.

II.  Population Ecology and Characteristics of Taxon

A. Taxonomy

Throughout the Arctic polar bears are known by a variety of common names, among them are,
nanook, nanug, ice bear, sea bear, isbjern, white bear, and eisbéar. Phipps (1774) first proposed
and described polar bear as a species distinct from other bears and provided a scientific name
Ursus maritimus. A number of alternative namings followed: Pallas (1776) Ursus marinus:
Shaw (1792) Ursus polaris: Knotterus-Meyer (1908) Thallassarctos eogroenlandicus,
Thalassarctos labrodorensis, and, Thalassacrostos jenaensis. Erdbrink (1953) and Thenius
(1953) used Ursus (Thalarctos) maritimus, since interbreeding between grizzly bears (Ursus
arctos) and polar bears had been observed in zoos. Kurt’en (1964) examined the fossil evidence
and suggested that polar bears originated from grizzly bears in Siberia during glacial ice
advances of the mid-Pleistocene period. Kurt’en (1964) and Manning (1971) agreed that
different populations of polar bears represent a single species based on morphometric data.
Kurt’en (1964) described the last Pleistocene occurrence of a subspecies, Ursus maritimus
tyrannus, which was much larger than recent fossils. Harington (1966), Manning (1971), and

Wilson (1976) subsequently promoted the use of the name Ursus maritimus, that has been used
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since. Recent genetic research has confirmed that polar bears evolved from grizzly bears
(Shields and Kocher 1991, Cronin et al. 1991, and Talbot and Shields 1996a). The polar bear is
usually considered a marine mammal since its primary habitat is the sea ice (Amstrup 2003), and
it was included in those species covered under the Marine Mammal Protection Act of 1972

(MMPA, 16 U.S.C. § 1361 et seq.).

B.  General description

Polar bears are characterized by large body size and a stocky form. Polar bears have a longer
neck and proportionally smaller head than other members of the bear family although missing
the distinct shoulder hump common to grizzly bears. Fur color varies between white, yellow,
grey, or almost brown, and is affected by oxidation, i.e. exposure to the air, light conditions, and
soiling or staining due to contact with fats obtained from prey items. The nose, lips, and skin of

polar bears are black (DeMaster and Stirling 1981, Amstrup 2003).

Polar bears are the largest of the living bear species (DeMaster and Stirling 1981). Polar bears
exhibit sexual dimorphism with female body length and skull size being considerably smaller
and body mass considerably less than that of males (Derocher et al. 2005). Adult males have
been recorded weighing 654 kg (1440 pounds) (Kolenosky et al. 1992), with some individuals
too large for the weighing equipment, estimated at 800 kg (1760 pounds) (DeMaster and Stirling
1981). Adult females weigh 181 to 317 kg (400-700 pounds). Adult males range in nose to tail
length from 230 to 285 c¢m (7.5 - 9.3 feet) and adult females range in length from 180 to 2.40 cm
(6-8 feet) (Amstrup 2003, Stirling 1988).

C. Ecological Adaptations

There is some uncertainty concerning when polar bears evolved from grizzly bears (Ursus
arctos). Based on the relatively few specimens of polar bears in the fossil history Kurten (1964)

estimated that polar bears may have evolved as recently as 70,000 to 100,000 years ago. Recent
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mtDNA information supported Kurten’s supposition of a relatively late polar bear evolution from
within the range of grizzly bear population (Yu, L. et al. 2004). It has been proposed that polar
bears are believed to have originated from a group of grizzly bears (Ursus arctos) which became
isolated during the glacial periods of the mid-Pleistocene approximately 200,000 - 250,000 years
ago (Talbot and Shields 1996b). Age models based on molecular studies of evolutionary
relationships among extant species of bears differ considerably as to the divergence time of polar
bears from grizzly bears. Wayne et al. (1991) suggested this happened 70,000 — 100,000 yrs ago
while Yu et al. (2004) concluded this might have happened 100,000 — 150,000 yrs ago. Only in
portions of northern Canada and northern Alaska do the ranges of polar bears and grizzly bears
overlap. Cross breeding of grizzly bears and polar bears in captivity has produced
reproductively viable offspring (Gray 1972). The first documented case of cross breeding in the
wild was reported in the spring of 2006. A sport hunter in the Canadian southern Beaufort Sea
region harvested a hybrid and genetic testing by Wildlife Genetics International in May 2006

confirmed breeding between a polar bear female and grizzly bear male had occurred.

Evolutionary adaptations by polar bears to life on sea ice include: a white pelage with water
repellent guard hairs and dense under-fur; a short furred snout; small ears; teeth specialized for a
carnivorous rather than an omnivorous diet; and feet with hair on the bottoms (Stirling 1988).
Polar bears have large, paddle-like feet (Stirling 1988) that probably assist in swimming and also
help to disperse weight and avoid breaking through when walking on thin ice (Stirling 1988).
Polar bear claws are shorter and more strongly curved than those of grizzly bears, and larger and
heavier than those of black bears, and appear to be well adapted to traveling over blocks of ice
and snow and to securely gripping prey animals (Amstrup 2003). Polar bear teeth have evolved
significantly from those of their grizzly bear ancestor (Amstrup 2003). Their teeth are better
suited to grab prey and eat fat from the meat and hide and less well suited for grinding grasses or

other vegetation (Amstrup 2003).

Polar bears are well adapted for thermoregulation in the extreme cold conditions of the Arctic.

Normal body temperature of a resting polar bear is 37°C (98.6° F), quite similar to other

mammals (Best 1982, Stirling 1988). Additionally a combination of fur and hide properties, and
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up to 11 centimeters (4.5 in.) of blubber all serve as excellent insulators and operate to maintain
body temperature and metabolic rate at near normal levels even at environmental temperatures of
-37° C (-34° F) (Stirling 1988). However, polar bears are susceptible to overheating (Best 1982,
Stirling 1988).

Polar bears radiate heat from their muzzle, nose, ears, footpads, and insides of the thighs, and
also, apparently, from blood vessels in the shoulder region which lie only a few millimeters
under the skin (Stirling 1988). Polar bears can also cool off by swimming, since water conducts
heat about 20 times more efficiently than air (Stirling 1988). For young cubs, however,
swimming may be dangerous if it chills their body too much (Blix and Lentfer 1979, Stirling
1988). Bears also conserve body temperature by curling into a ball when exposed to extremely
cold, windy weather, or sprawl out to keep cool on warm days (Stirling 1988). Bears in warm
areas like Hudson Bay also move very little in the summer in order to stay cool and conserve

energy (Knudsen 1978, Derocher and Stirling 1990).

Unlike other species of bears, where both sexes may hibernate, only pregnant female polar bears
hibernate through the winter (Stirling 1988, Amstrup 2000). This is specialized winter dormancy,
and not a true hibernation. It is typified by a slightly depressed heart rate and temperature,
during which time the bear does not feed and lives off its accumulated fat stores (Stirling 1988,

Amstrup 2003).

Unlike grizzly and black bears, polar bears can also enter a hibernation-like state facultatively, as
needed (Derocher et al. 2004). This allows polar bears to feed hyperphagically, both seasonally
and when an unpredictable opportunity presents itself, and then slow down their metabolism to
make their stored fat reserves last longer during periods of food shortage (Derocher et al. 1990,
Ramsay et al. 1991, Stirling and Oritsland 1995). This, combined with an ability to digest fat
with an efficiency of 98%, is probably the most important single adaptation of polar bears to the
arctic environment. This is what allows bears to fast for months on shore in Hudson Bay during

the summer.



D. Distribution

Polar bears evolved to utilize the Arctic sea-ice niche and are distributed throughout most ice-
covered seas of the Northern Hemisphere. Their range is limited to areas where the sea is ice
covered for much of the year. However, polar bears are not evenly distributed throughout areas
of ice coverage. They are most abundant near shore in shallow-water areas and in other areas
where currents and ocean upwellings increase productivity and serve to keep the ice cover from
becoming too solidified in winter (Stirling and Smith 1975, Stirling et al. 1981, Amstrup and
DeMaster1988, Stirling 1990, Stirling and Oritsland 1995, Stirling and Lunn 1997, Amstrup et
al. 2000b).

Over most of their range, polar bears remain on the sea-ice year-round or visit land for only short
periods. They occur throughout the East Siberian, Laptev, and Kara Seas of Russia, Fram Strait
and Greenland Sea, Barents Sea of northern Europe, Baffin Bay, which separates Canada and
Greenland, through most of the Canadian Arctic archipelago, and in the Chukchi and Beaufort
Seas north and west of Alaska. In most areas, pregnant females come ashore in the fall to create
a den in snow drifts in which to give birth. Earth dens are used by bears in Hudson Bay, until
sufficient snow accumulates (Richardson et al. 2005b). Following emergence from these
maternal dens female polar bears will return to the sea ice as soon as their cubs are able. In some
areas, notably the Beaufort and to a limited extent the Chukchi Seas of the polar basin, females

may den and give birth to their young on drifting pack ice (Amstrup and Gardner 1994).

The distribution of polar bears in most areas varies with the seasonal extent of sea-ice cover and
availability of prey. In Alaska in the winter, sea-ice may extend 400 km south of the Bering
Strait, and polar bears will extend their range to the southernmost proximity of the ice (Ray
1971). Sea-ice disappears from the Bering Sea and is greatly reduced in the Chukchi Sea in the
summer, and polar bears occupying these areas may migrate as much as 1000 km to stay with the
pack ice (Garner et al. 1990, 1994a). Throughout the polar basin, during the summer polar bears

generally concentrate along the edge or into the adjacent persistent pack ice. Significant
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northerly and southerly movements appear to be dependent on seasonal melting and refreezing of
ice (Amstrup et al. 2000b). In other areas, for example, Hudson Bay, James Bay, Davis Strait,
Baffin Bay, portions of the Canadian High Arctic, and some bears in the Barents Sea when the
sea-ice melts, polar bears are forced onto land for up to several months while they wait for winter
and new ice (Jonkel et al. 1976, Schweinsburg 1979, Prevett and Kolenosky 1982, Schweinsburg
and Lee 1982, Ferguson et al. 1997, Lunn et al. 1997, Mauritzen et al. 2001).

Distribution patterns for some populations during the open water and early fall seasons have
changed in recent years. In the Beaufort Sea, greater numbers of polar bears (up to 200
individuals) were found on shore during the period from 2000 to 2005 than at any previous time
(Schliebe et al. 2006a). The exact reason(s) for the change in distribution are uncertain and may
involve a number of factors, although a statistically significant relationship exists between the
number of bears using the coast and the distance the pack ice is from shore. Telemetry data and
habitat use data from the southern Beaufort Sea indicate that polar bears are shifting their activity
areas during the summer and fall (Amstrup, unpubl. data), apparently in response to ice that is
retreating further from shore than it had in previous years. Gleason et al (2006) analyzed fall
bowhead whale aerial survey data collected from 1979 to 2005 and observed an easterly and
northerly shift in distribution of polar bears in the Alaska Beaufort Sea apparently in response to
changing ice conditions. Amstrup et al. (unpublished data) also noted a significant trend of

increased use of land and water habitats by polar bears during recent years.

In Baffin Bay, Davis Strait, Western Hudson Bay and other areas of Canada, Inuit hunters are
reporting an increase in the numbers of bears present on land during summer and fall (Dowsley
and Taylor 2005, Dowsley 2005). In many instances, the hunters believe this a result of
increased population size. In an extensively studied polar bear population with a long time series
of capture data in Western Hudson Bay, data analysis indicates that this population has in fact
declined from 1,194 bears in 1987 to 935 bears in 2004 and the distribution pattern appears to be
changing (Regehr et al., in prep., Stirling and Parkinson 2006). Also the Baffin Bay (BB)
population, which is currently being over harvested by at least double the sustainable yield, is

declining as a result (Stirling and Parkinson 2006). Distribution changes in response to recently
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recorded extreme ice retractions in areas such as the Chukchi Sea and other populations are
undoubtedly occurring, yet remain unquantified by telemetry or aerial survey data. Shifts in the
distribution in the Western Hudson Bay have been noted but are restricted to shifts within the
same general area (Towns 2006). The home ranges and movement rates of polar bears in
Western Hudson Bay were shown to have declined during the 1990s and this was postulated to

be related to reduced prey intake (Parks et al., in press).

Following the IUCN classification, the Polar Bear Specialist Group (PBSG) has classified 19
polar bear populations (Figure 1) for the purposes of management. Scientists have defined these
populations worldwide based on decades of intensive scientific studies of patterns in spatial
segregation determined by telemetry data, survey and reconnaissance, marking and tagging
studies, and traditional knowledge (Stirling and Taylor 1999, Lunn et al. 2002). There is
considerable overlap in areas occupied by members of these groups, and boundaries separating
the groups have been adjusted as new data were collected. With the exception of the Arctic
Basin (AB) population, these boundaries are considered to be sufficiently discrete to be managed
independently, based on behavioral and ecological factors. Telemetry data for the Arctic Basin
population is insufficient to determine if bears occurring deep in the polar basin are residents to
the area or may simply be occasional visitors from adjacent areas nearer shore (Figure 1).
Furthermore, the overall correspondence between genetic data and the movement data among the

polar bear populations reinforces the current population designations (Paetkau et al. 1999,

Amstrup 2003).

E. Movements

Data from telemetry studies show that polar bear movements are not random, nor do they
passively follow the ocean currents on the ice as previously thought (Pedersen 1945, Mauritzen
et al. 2003a). Movement data come almost exclusively from adult female polar bears because
male anatomy (their neck is larger than their skull) will not accommodate radio collars. The

movements of seven male polar bears surgically implanted with transmitters in 1996 and 1997
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were compared to movements of 104 females between 1985 and 1995 (Amstrup et al. 2001).
Males and females had similar activity areas on a monthly basis, however, males traveled farther
each month. Annual activity areas of females varied from year to year, however most females
had an area of overlap each year (Amstrup et al. 2000b). Activity areas combined over multiyear
periods could be considered as home ranges. The smaller activity areas used within the larger
home ranges vary annually possibly due to sea-ice habitat quality, which also varies annually
(Stirling and Smith 1975; Ferguson et al. 1997, Ferguson et al.1998, Ferguson et al. 2000a,
Ferguson et al. 2000b; DeMaster et al. 1980; Amstrup et al. 2000b, Taylor et al. 2001b,
Mauritzen et al. 2001, Wiig et al. 2003).

Some polar bear populations are closely associated with pack ice. For example, in the Chukchi
and Beaufort Sea areas of Alaska and northwestern Canada, only 7% of the polar bear locations
obtained were on land (Amstrup et al. 2000b, Amstrup, unpubl. data). The majority of the land
locations were locations with bears occupying maternal dens during the winter. A similar pattern
was found in East Greenland (Wiig et al. 2003). In the absence of ice during the summer season
some populations of polar bears in eastern Canada, Hudson Bay, and the Barents Sea have
developed a strategy of remaining on land for protracted periods of time until ice again forms

and provides a platform for traveling and hunting.

The home range size and the annual movements within home ranges vary among populations.
Most Canada populations are bounded and constricted by land masses of the high Arctic
Archipelago, whereas populations in Russia, Alaska, and Greenland are only bounded on the
southern periphery by land masses or in the case of the Chukchi or Barents seas populations, by
the southerly maximal position of pack ice. In some instances the size of space use patterns by
individual bears can vary greatly within geographical areas. Mauritzen et al. (2001) found that
bears in the Barent’s Sea have huge variations in home ranges that appear to be influenced by
geographical range size despite having the same land mass boundaries and the productivity of
available habitat. In other instances geographical land mass boundaries appear to have no

influence on home ranges. Space use patterns can vary within geographical areas by the

13



individual polar bear. There is a 60-fold variation in size of area utilized and it seems that this

variation may be a behavioural trait which is, perhaps, learned (Mauritzen et al. 2001).

Activity areas have not been determined for many of the populations. The following information
presents movement data collected from previous studies. The data do not reflect recent changes
in retreating ice conditions. In the Beaufort Sea, annual activity areas for individually monitored
female bears averaged 149,000 km? and ranged from 13,000 km® to 597,000 km* (Amstrup et al.
2000b). The mean activity area in the Chukchi Sea, characterized by highly dynamic ice
conditions, was 244,463 km* (Garner et al. 1990). The average annual distance moved by
Chukchi Sea female bears was 5,542 km. Schweinsburg and Lee (1982) reported smaller
activity areas of <23,000 km? in the Canadian Arctic Archipelago. Spring movements averaged
14.1 km/day to the north at a time when ice was advancing 15.5 km/day in the opposite direction
(Garner et al. 1990). In the Beaufort Sea, total annual movements averaged 3415 km and ranged
up to 6,200 km. Movement rates of >4 km/hr were sometimes sustained for long periods, and
movements of >50 km/day were observed (Amstrup et al. 2000b). Polar bears in NE Greenland
pack ice had very large home ranges of 242,00 to 468,000 km” (Born et al. 1997) and were able
to move up to 40km/day, often against the direction of movement of the pack ice (Larsen et al.
1983, Born et al. 1997, Wiig et al. 2003). Annual movement rates of the two female bears
ranged from 2205 to 4053 km (Wiig et al. 2003). Ferguson et al. (1999) also reported large-scale
movements for polar bears in highly dynamic sea-ice conditions of Davis Strait and Baffin Bay,
and smaller movements for bears in the interior of the Canadian Arctic Archipelago. The
mobility of polar bears appears to be directly related to variability in ice dynamics in specific

areas (Garner et al. 1990, Garner et al. 1994a, Gloersen et al. 1992, Messier et al. 1992).

In regard to the timing of movements, Messier et al. (1992) reported that peak movement rates of

polar bears in Viscount Melville Sound in the Canadian High Arctic archipelago occurred from

May to July. Ferguson et al. (2001) reported movement rates varied in response to season and

ice, for bears occurring between 60° N and 80° N and from 65° W to 110° W, including western

Greenland, Davis Strait, Baffin Bay, and portions of the Canadian Arctic archipelago, while

Messier et al. (1992) reported increasing mobility from January through July with peak acitivity
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occurring in May through July in a study conducted in the Viscount Melville Sound and M’Clure
Strait area of the Canadian Arctic. In the Barents Sea, movement rates varied by month with
higher levels in December — January although strong interactions with the direction of drifting
ice lead Mauritzen et al. (2003a) to conclude that the drifting sea ice functioned as a treadmill
and probably increased the energetic cost of migration. In contrast, Amstrup et al. (2000b)
reported that polar bears in the Beaufort Sea were most mobile in winter and early summer. The
lower level of winter movement of bears of Viscount Melville Sound (Messier et al. 1992) result
from the presence of multiyear ice year-round (Gloersen et al. 1992), and foraging opportunities
are restricted to particular areas which bears key in to. Also, lower rates of movement may
indicate an energy conservation mode invoked when food is scarce (Amstrup et al. 2000b,
Ferguson et al. 2000, Wiig et al. 2003). The ability to conserve energy by reducing energy
expended is an important adaptation that allows polar bears to be successful in areas such as
Hudson Bay where at the extreme southern edge of their distribution they forego feeding for long

periods of time.

The high variability of summer and autumn ice presence and characteristics could affect seal
hunting opportunities. This unpredictability may require longer movements and larger activity
areas during seasons of freeze-up and break-up. Patterns of movement to the north and south
appeared to be correlated with general patterns of ice formation and melting. (Stirling 1990,

Amstrup et al. 2000b, Mauritzen et al. 2003a).

Between May and August, the ice of the southern Beaufort Sea is degrading (Gloersen et al.
1992). October is usually the month of freeze-up in the southern Beaufort Sea and may be the
first time in months when ice is available over the more productive near-shore shallow water.
Polar bears summering on the persistent pack ice quickly move into shallow-water areas as soon
as new annual ice forms in autumn to prey on seals occupying these areas, and make easterly and

westerly movements as ice solidifies through winter.
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F.  Feeding Habits

Polar bears are carnivorous, unlike other bear species that are typically omnivores, and are an
upper level predator of the Arctic marine ecosystem. Polar bears prey heavily throughout their
range on ringed seals (Phoca hispida) and, to a lesser extent, bearded seals (Erignathus
barbatus) and in some locales, other seal species. Although seals are their primary prey, polar
bears also have been known to kill much larger animals such as walruses (Odobenus rosmarus),
narwhal (Monodon monoceros) and belugas (Delphinapterus leucas) (Stirling and Archibald
1977, Kiliaan et al. 1978, Smith 1980, 1985, Lowry et al. 1987, Calvert and Stirling 1990, Smith
and Sjare 1990). In some areas and under some conditions prey and carrion other than seals may
be quite important to polar bear sustenance. Stirling and Qritsland (1995) suggested that in areas
where ringed seal populations were reduced, other prey species were being substituted. Like
other ursids, polar bears will eat human garbage (Lunn and Stirling 1985), and when confined to
land for long periods they will consume coastal marine and terrestrial plants and other terrestrial
foods (Russell 1975, Derocher et al. 1993) but the significance of other terrestrial foods to polar
bears may be limited (Lunn and Stirling 1985, Ramsay and Hobson 1991, Derocher et al. 1993).
Lunn and Stirling (1985) found polar bears using the dump in Canada’s Churchill area did not
have increased survival or reproductive success. Although polar bears will use supplemental

food sources if available they are not necessary for their survival.

Other studies (Iverson et al. 2006) indicate that polar bears may shift feeding preferences,
presumably based on the availability of seal species. Overall, polar bears are most effective as
predators of young ringed seals, possibly because young seals are naive with regard to predator
avoidance. In spring, polar bears may concentrate on capturing new-born ringed seal pups
(Smith and Stirling 1975, Smith 1980). Predation on pups may be extensive regionally. Hammill
and Smith (1991 p. 128) estimated that polar bears annually kill up to 44% of new born seal pups
in a study located between Cornwallis Island and Prince of Whales Island, in the Barrow Strait,
Canada, Northwest Territories (NWT). Beyond the pupping season, polar bears mainly prey on
young seals from the first two year classes (Stirling et al. 1977a, Smith 1980).
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Polar bears have high digestive efficiency for protein (84%) and fat (97%) comprising an
average energy utilization of 92% of the food consumed (Best 1985, Stirling 1988). Sufficient
nutrition is critical and may be obtained and stored as fat when prey is abundant. On average an
adult polar bear needs approximately 2 kg (4.4 1bs) of seal fat per day to survive (Stirling 1988).
This nutrition must be obtained, and stored as fat, primarily during times of the year when prey is
abundant and available (Stirling 1988). They prefer the fat of seals to muscle and other tissues
and consume it first (Stirling 1974). Because over half of the calories in a whole seal carcass
may be in the fat (Stirling and McEwan 1975), a bear that quickly consumes the fat has
maximized its caloric return. Also, the digestion of fat releases water (Nelson et al. 1983) while
digestion of meat/protein requires water. By eating fat, bears maximize water intake and

minimize the energetic cost of associated with digesting ice and snow (Nelson 1981).

In the Beaufort Sea, polar bears have developed a habit of gathering at the butchering sites of
bowhead whales (Balaena mysticetus) that are killed by local native people. The value of this

alternate food is apparently great, as nearly every bear seen near whale carcasses in autumn is

large and appears to be in good condition. (Miller et al. 2006).

G. Reproduction

Polar bears are characterized by a late age of sexual maturity, small litter sizes, and extended
parental investment in raising young, factors that combine to contribute to a very low
reproductive rate. Intrinsic rates of recruitment are difficult to estimate for the species. In the
Southern Beaufort Sea the maximum rates of increase per annum was estimated as 6% (Angliss
and Lodge 2004), and for Baffin Bay, without a harvest, the maximum rate of increase was
estimated to be 5.5% per annum (Taylor et al. 2005). Reproduction in the female polar bear is
similar to that in other ursids. They enter a prolonged estrus between March and June, when
breeding occurs. Ovulation is thought to be induced by mating (Wimsatt 1963, Ramsay and
Dunbrack 1986, Derocher and Stirling 1992). Leng (1970) reported that breeding pairs were
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observed as early as 8 March and as late as 20 June. Histological evidence of testes and ovaries
indicates that breeding could last into July (Leneg 1970). Rosing-Asvid (2002) found that the
peak of mating season for polar bears in Greenland was between late March and end of May.
Implantation is delayed until autumn, and total gestation is 195-265 days (Uspenski 1977),
although during most of this time, active development of the fetus is suspended. The timing of
implantation, and therefore the timing of birth, is likely dependent on body condition of the
female, which depends on a variety of environmental factors. In East Greenland, the peak of the
mating season was apparently somewhat earlier and shorter, from late March to May, than

reported for Svalbard (Rosing-Asvid et al. 2002).

The exact timing of birth may vary across the range of polar bears. Harington (1968) reported
births as early as 30 November with a median date of 2 December. Derocher et al. (1992)
reported that births of Hudson Bay bears probably occur from mid-November through mid-
December. Messier et al. (1994) suggested that polar bears give birth by 15 December. In the
Beaufort Sea many pregnant females did not enter dens until late November or early December
(Amstrup and Gardner 1994) and a later date of birth is assumed. Newborn polar bears are
helpless, have hair, but are blind and weigh only 0.6 kg (Blix and Lentfer 1979). Cubs grow
rapidly, and may weigh 10—12 kg by the time they emerge from the den in the spring. Young
bears will stay with their mothers until weaning, which occurs most commonly in early spring
when the cubs are 2.3 years of age. Female polar bears are available to breed again after their
cubs are weaned. Therefore, in most areas, the minimum successful reproductive interval for

polar bears is 3 years.

Age of maturation in polar bear populations appears to be largely dependent on numbers and
productivity of ringed seals. For example, in the Beaufort Sea, ringed seal densities are lower
than in some areas of the Canadian High Arctic or Hudson Bay. As a possible consequence,
female polar bears in the Beaufort Sea usually do not breed for the first time until they are 5
years of age (Stirling et al. 1976, Lentfer and Hensel 1980). This means they give birth for the

first time at age 6. In contrast, in many areas of Canada females reach maturity at age 4 and
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produce their first young at age 5 (Stirling et al. 1977b, 1980, 1984, Ramsay and Stirling 1982,
1988, Furnell and Schweinsburg 1984).

Derocher et al. (1992) calculated an average age of first breeding in the Hudson Bay area of 4.1
years. Cub production, assessed by estimated pregnancy rates, remained high between 5 and 20
years of age and declined thereafter (Derocher et al. 1992). Average age of first reproduction
increased and pregnancy rates declined in the 1990s in Hudson Bay with corresponding declines

in population size (Stirling et al. 1999, Regehr et al., in prep.).

1. Litter size and production rate

Just as with age of first reproduction, litter size and litter production rate vary by geographic area
and are expected to change with population size relative to carrying capacity. Furthermore, litter
size may change in response to hunting pressure, environmental factors and other population
perturbations. Litters of two cubs are most common. Litters of three cubs are seen sporadically
across the Arctic, and most commonly reported in the Hudson Bay region (Stirling et al. 1977b,
Ramsay and Stirling 1988, Derocher and Stirling 1992). The average litter size encountered
during multiple studies throughout the range of polar bears varies from 1.4 to 1.8 cubs. Evidence
of a link between availability of seal prey and reproduction in polar bears has been documented
for areas in the northerly parts of their range. Body weights of mothers and their cubs decreased
markedly in the mid-1970s in the Beaufort Sea following a decline in ringed and bearded seal
pup production (Stirling et al. 1976, 1977b, Kingsley 1979, DeMaster et al. 1980, Stirling et al.
1982, Amstrup et al. 1986). Declines in reproductive parameters varied by region and year with
the severity of ice conditions and corresponding reduction in numbers and productivity of seals

(Amstrup et al. 1986).

In the Beaufort Sea, females produce a litter of cubs at an annual rate of 0.25 litters per adult
female (Amstrup 1995). In early years in Hudson Bay, females produced a litter of cubs at the
rate of 0.45 litters per adult female (Derocher and Stirling 1992). Annual litter production rate in
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the Hudson Bay region declined from 0.45 litters/female in the period 1965-1979 to 0.35
litters/female during 1985-1990 (Derocher and Stirling 1992).

Polar bears may “defer” reproduction in favor of survival when foraging conditions are difficult
(Derocher et al. 1992). A complete reproductive effort is energetically expensive for polar bears.
When energetically stressed, female polar bears may forgo reproduction rather than risk
incurring the energetic costs and consequent reduced physical fitness of a potentially
unsuccessful reproductive process. The reproductive cycle lends itself to convenient early
termination and may occur without extensive energetic investment on the part of the female
(Ramsay and Dunbrack 1986, Derocher and Stirling 1992). Persistent deferral of reproduction

could cause a declining population trend in populations with an intrinsically low rate of growth.

2. Reproductive maturity and senescence.

Age of maturation in mammals is often associated with attainment of a threshold body mass
(Sadleir 1969), which could be more difficult to attain as competition for resources increases or
resources diminish or become less accessible. Historically the average age for first reproduction
in adult female polar bears is 5 to 6 years (Lentfer et al. 1980, Amstrup and Durner 1996, Wiig
1998). Craighead and Mitchell (1982) reported that in grizzly bears “reproductive longevity
approximates physical longevity.” Until recently, data from long-term monitoring regarding
reproductive senescence of individual polar bears was unavailable or had not been analyzed.
Richardson et al. (2005a) analyzed data from Western Hudson Bay and found that reproductive
senescence in female began with the onset of survival senescence at about 20 years of age.
Reproductive senescence in male polar bears was determined from paternity assignments using
20 microsatellite loci and occurred at about 17 years of age (Richardson et al. 2005a).
Senescence in females resulted in reductions in litter size, cub mass, and the proportion of

females with young.

H. Survival
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Polar bears are long-lived mammals in large part not known to be susceptible to disease,
parasites, or injury. The oldest known female polar bear in the wild was 32 years of age and the
oldest known male was 28, though few polar bears in the wild live to be older than 20 (Stirling
1990). The longest lived captive bear in a zoo in London lived to be 41 years old (Stirling 1988).
Due to extremely low reproductive rates polar bears require a high rate of survival to maintain
population levels. Taylor et al. (unpubl. data) describes survival rates that vary by age class and
population which range from 35-75% for cubs-of-the-year, 63-98% for 1-4 year old bears, 95-
99% for adults age 5-20, and 72-99% for adults greater than 20 years of age (Table 2). High
survival rates are required for population growth or stability for a species with inherently low

productivity potential.

In general, survival rates increase with age up to approximatly 20 years of age. Cubs-of-the-year
have the lowest survival rates. Survival of cubs is dependent on their weight when they exit dens
(Derocher and Stirling 1992). Most cub mortality occurred early in the period after emergence
from the den (Amstrup and Durner 1995, Derocher and Stirling 1996). In the Hudson Bay region
during the 1980s, the survival rate of more than 200 cubs from spring through the ice-free period
of autumn was 44% (Derocher and Stirling 1996). In the Beaufort Sea, survival of cubs was
approximately 65% from den exit to the end of their first year of life. Survival of Hudson Bay
cubs from their first to their second autumn was 35% (Derocher and Stirling 1996). Annual
survival of yearlings ranged from 43% to 53%. Survival rates during the second year of life
improved with 86% surviving to weaning (Amstrup and Durner 1995). Derocher and Stirling
(1996) suggested that a heavy harvest accounted for much of the yearling mortality in Hudson
Bay. Elsewhere, early age mortality is thought to be associated with starvation (Derocher and

Stirling 1996).

Survival of cubs to weaning stage, generally 27-28 months, is estimated to range from 15% to
56% of births. In one Hudson Bay study only 15% of the cubs born survived through their
second autumn. This differs from a 56% survival from birth to weaning of cubs in the Beaufort

Sea. Even at the higher survival rates approximately 50% of the cubs do not survive to the sub-
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adult stage. Survival rates for sub-adults are poorly understood because collars cannot be used
on rapidly growing individuals and measuring survival by other means is problematic.
Population age structure data indicate that subadults aged 2—5 years survive at lower rates than
adults (Amstrup 1995), probably because their hunting and survival skills are not fully developed
(Stirling and Latour 1978). Eberhardt (1985) hypothesized that the survival of adult marine
mammals must be in the upper 90% range to sustain polar bear populations. Survival estimates
derived from Hudson Bay, where the intensity of marking exceeds all other study areas, have
ranged between 0.86 and 0.90 (Derocher and Stirling 1995a, Lunn et al. 1997). Recent studies
using telemetry monitoring of individual animals estimated that survival of adult females in
prime age groups may exceed 96% (Amstrup and Durner 1995), and survival estimates are a
reflection of the characteristics and qualities of an ecosystem to maintain the health of individual

bears.

Polar bears that avoid serious injury may become too old and feeble to catch food, and most are
generally believed to die of old age. Local and widespread climatic phenomena that make seals
less abundant or less available also can significantly affect polar bear populations through

survival or production (Kingsley 1979, DeMaster et al. 1980, Amstrup et al. 1986, Stirling 2002).

Injuries sustained in fights over mates or in predation attempts can lead to mortalities of polar
bears (Amstrup et al. 2006b). In an extensive review of ursid parasites, Rogers and Rogers
(1976) found that seven endoparasites had been reported in polar bears. Only Trichinella spp.,
however, had been observed in wild polar bears. Certain species of nematodes and cestodes
reported in captive polar bears have not occurred in the wild. Trichinella can be quite common in
polar bears and has been observed throughout their range. Concentrations of this parasite in some
tissues can be high, but infections are not normally fatal (Rausch 1970, Dick and Belosevic 1978,

Larsen and Kjos-Hanssen 1983, Taylor et al. 1985).

III. HABITAT CHARACTERISTICS
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A. SEAICE

Sea ice is the defining characteristic of the marine Arctic. “Approximately two-thirds of the
Arctic is ocean, including the Arctic Ocean and its shelf seas plus the Nordic, Labrador, and
Bering seas” (ACIA 2005). The two primary forms of sea ice are seasonal (or first year) ice and
perennial (or multi-year) ice. Seasonal or first-year ice is in its first winter of growth or first
summer of melt. Its thickness in undeformed floes ranges from a few tenths of a meter near the
southern margin of the ice extent to 2.5 m in the high Arctic at the end of winter. Some first-year
ice survives the summer and becomes multi-year ice. This ice develops its distinctive hummocky
appearance through thermal weathering, becoming harder and almost salt-free over several years.
In the present climate, old multi-year ice floes that have not been deformed by pressure ridges
are about 3 m thick at the end of winter. The extent area of sea ice decreases from roughly 15
million km” in March to 7 million km” in September, as much of the first-year ice melts during
the summer (Cavalieri et al. 1997, Parkinson et al. 1999). The area of multi-year sea ice, mostly
over the Arctic Ocean basins, the East Siberian Sea, and the Canadian polar shelf, is about 5
million km” (Johannessen et al. 1999). Land-fast ice (or fast ice) may be present in some areas
for up to 10 months each year depending on coastal geometry or persistence of grounded ice
ridges (stamukhi). Within the Canadian Archipelago in late winter, land-fast ice covers channels
up to 200 km wide and covers an area of 1 million km®. Some of this ice is trapped for decades
as multi-year land-fast ice (Reimnitz et al. 1995). Land-fast ice may create habitat for some
species (e.g. ringed seal birth lairs, migrating fish species in brackish under-ice waters); may
facilitate the formation of polynyas (predictable areas of open water surrounded by sea ice in

winter) in some areas; and may impede navigation in others (e.g. the Northwest Passage).

Sea ice is an important component of the climate system. It provides insulation between the
ocean and atmosphere and reflects back toward space most of the solar radiation reaching it. Its
impacts extend far south of the Arctic, perhaps globally, e.g., through impacting deepwater
formation that influences global ocean circulation. Ice flow in the Arctic often includes a

clockwise circulation of sea ice within the Canada Basin and a transpolar drift stream that carries
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sea ice from the Siberian shelves to the Barents Sea and Fram Strait. The European-most portion
of the clockwise circulation merges with the Arctic portion of the transpolar drift stream. On
average, 10% of Arctic sea ice exits through Fram Strait each year. Sea ice also leaves the Arctic
via the Canadian Archipelago, from whence it flows into Baffin Bay, joining in situ seasonal sea
ice in Baffin Bay and drifting south along the Labrador coast. The remnants reach Newfoundland
in March. At the ice edge in this location, the supply of sea ice from the north balances the loss
by melt in the warm ocean waters. Similar “conveyor belt” sea-ice regimes also exist in the
Barents and Bering Seas, where northern regions of growth export ice to temperate waters. A

small amount of ice exits the Arctic through the narrow Bering Strait.

Arctic marine ecosystems are unique in having a very high proportion of shallow water and
coastal shelves (ACIA 2005). In common with terrestrial and freshwater ecosystems in the
Arctic, they experience strong seasonality in sunlight and low temperatures and are also
influenced by freshwaters delivered mainly by the large rivers flowing into the Arctic Ocean
mainly from Siberia (ACIA 2005). Ice cover is an important physical characteristic, affecting
heat exchange between water and atmosphere, light penetration to organisms in the water below,
and providing a biological habitat above, within, and beneath the ice. The marginal ice zone, at
the edge of the pack ice, is important for plankton production and plankton-feeding fish (ACIA
2005). In general, arctic marine ecosystems are relatively simple, productivity and biodiversity

are low, and species are long-lived and slow growing (ACIA 2005).

The simplicity of arctic marine ecosystems, together with the specialization of many of its

species, makes them potentially quite sensitive to environmental changes (ACIA 2005).

1. Polar bear-ice relationships - general

Polar bears are distributed throughout the ice-covered waters of the circumpolar Arctic (Stirling
1988), and are reliant on the sea ice as their primary habitat (Amstrup 2003). Polar bears depend
on sea ice as a substrate to hunt and eat seals, seek mates and breed, make long-distance

movements to terrestrial maternity denning areas, or for maternity denning (Stirling and
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Derocher 1993). Polar bear distributions are not uniform throughout the Arctic, but depend upon
the type of sea ice and its location and extent over time, availability of prey, and reproductive
status (Durner et al. 2004). Mauritzen et al. (2003b) indicated that habitat use by female polar
bears during certain seasons may involve a trade-off between selecting habitats with abundant
prey availability versus the use of safer, retreat habitats with less prey. Their findings indicate
that population distribution may not be solely a reflection of prey availability, but instead other

factors may operate to influence distributions.

The sea ice environment is highly dynamic and follows annual patterns of expansion and
contraction. Movements of sea ice are related to winds, currents, and seasonal temperature
fluctuations that promote its formation and degradation. A number of systems exist to classify
sea ice (NOAA 2000). These systems generally categorize the stage of development, form,
concentration, and type of ice. Stirling et al. (1993) defined seven types of sea-ice habitat and
classified polar bear use of these ice types based on the presence of bears or tracks in order to
determine habitat preferences. The seven types of sea ice were: stable fast ice with drifts; stable
fast ice without drifts; floe edge ice; moving ice; continuous stable pressure ridges; coastal low
level pressure ridges; and fiords and bays. In another assessment of polar bear — habitat
relationships the authors categorized ice types/zones in Alaska as follows: pack ice; shore-fast

ice; transition zone ice; and polynyas and leads (USFWS 1995).

As reported by Stirling (1993), stable fast ice with drifts was suitable for ringed seal haul-out and
birth lairs. This habitat is most prevalent in the mouths of bays and near coastlines or offshore
islands because that is where the annual ice is most stable. Stable fast ice without drifts did not
contain habitats preferred by ringed seals for constructing birth lairs and maintaining breathing
holes with lower risk from predation. Floe edge habitat was suitable for bearded seals of all age
and sex classes and non-breeding ringed seals. Moving ice shifting constantly because of wind
and ocean currents was generally not thought to be stable enough to be suitable for ringed seal
birth lair habitat (Wiig et al. 1999), though bearded seals of all age and sex classes and non-
breeding ringed seals were generally abundant in this habitat and some ringed seals have been

observed to occupy and pup in offshore active ice environs. Continuous heavy pressure ice was
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a compressed aggregate of rough, stable ice that was generally unsuitable for seals. Coastal
pressure ridges accumulate drifted snow and they were noted as being suitable for ringed seal
haul-out and birth lairs. Fiords and bays such as in Prince Albert Sound, Victoria Island, NWT,
Canada, developed snow-drifted pressure ridges and cracks that refroze and remained flat, and
were used by ringed seals for birth lairs and breathing holes (Smith and Stirling 1975). Although
ringed seals were abundant polar bears were not commonly seen in fiords and deep bays such as
Prince Albert Sound (Stirling et al. 1993) and in East and Northwest Greenland. Fiord and large
deep bay habitat are not widespread in the Arctic. Polar bears were not evenly distributed over
these sea-ice habitats, but concentrated on the floe ice edge, on stable fast ice with drifts, areas of

moving ice (Stirling 1990, Stirling et al.1993).

As reported by USFWS (1995), pack ice consists of annual and multi-year ice that is in constant
motion caused by winds and currents. Pack ice is used by polar bears for traveling, feeding and
denning and it is the primary summer habitat for Alaska polar bears. Shore-fast ice is ice that
has become grounded near shore and may include pressure ridges caused by the movement of
pack ice against it. Shorefast ice is important in the spring for feeding on seal pups, traveling,
and occasionally denning. The transition zone is located seaward of the shore-fast ice and may
be highly dynamic depending on environmental conditions. It is characterized by lead systems
(linear openings) that open and close between the active pack ice and shore-fast ice. The
transitions zone is important in the winter and spring for feeding and travel. Leads and polynyas
(nonlinear openings) that are predictable in their location are called recurring polnyas and lead
systems. Open water at recurring leads and polynyas attract seals and other marine mammals and
are used by polar bears for feeding, especially during the winter. Ephemeral leads and polynyas

are used opportunistically by polar bears for hunting.

2. Polar bear — ice relations - specific

Stirling et al. (1993, 1998) observed a strong preference by polar bears in the Beaufort Sea for

the floe edge, fast ice with drifts, and moving ice with less than 7/8 ice cover. The preference is
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almost certainly because these areas are where seals are most accessible to polar bears for

hunting.

Polynyas a preferred habitat of polar bears, represent areas of increased biological productivity at
all trophic levels, especially when they occur over continental shelves (Stirling 1997). Recurring
polynyas may be preferred habitat for ringed seals because their location is predictable, they
afford resting areas, and may operate as a barrier to escape predation from polar bears (Stirling
1997). In the Canadian Arctic, polar bears concentrate each year at the North Water polynya in
Smith Sound and northwestern Baffin Bay, and at smaller permanent polynyas at Cardigan
Strait-Hell Gate, Penny Strait-Queens Channel, and in the eastern entrance to Fury and Hecla
Strait (Stirling 1980). Polar bears also concentrate at shore leads that may freeze and open where
seals maintain their breathing holes (Stirling 1980). Changes in wind and current patterns or ice
ablation and formation processes could alter the location and persistence of these polynyas

(ACIA 2005).

In the Viscount Melville Sound area Messier et al. (1992) and Ferguson et al. (2001) found that
ringed seals occurred at lower densities than in most other areas of polar bear habitat from
Alaska east to West Greenland (Stirling and Qritsland 1995) possibly because there is greater
proportion of multi-year ice in this area, which is less preferred by ringed seals. Ringed seals
tend to be concentrated along tidal cracks and pressure ridges that parallel the island coastlines
(Kingsley et al. 1985). By contrast, in the southern Beaufort Sea, the annual ice that
predominates is more dynamic and allows a greater amount of sunlight into the water column to
support primary productivity. Consequently the Southern Beaufort Sea has more variable ice
habitats and supports higher densities and numbers of ringed seals and polar bears (Stirling et al.

1982, Kingsley et al. 1985, Stirling and Qritsland 1995).

Given the differences in ringed seal densities, polar bears in the Beaufort Sea may spend more
time in winter actively foraging, and those in the Viscount Melville Sound area may spend more
time resting and conserving energy. Messier et al. (1992) reported that long periods of
“sheltering” were common among bears wintering in Viscount Melville Sound, and attributed
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this behavior to the poor foraging conditions there. Another factor may be the greater
predictability of the foraging conditions in the stable ice of the High Arctic. With less change in
the character of the sea-ice after freeze-up, polar bears may be able to determine where the best
hunting areas will be in early winter. Predictable sea-ice conditions could help bears minimize
midwinter searching for good hunting areas and maximize benefits of sheltering (Ferguson et al.
2001). The fluctuating sea-ice condition in regions like the Beaufort Sea or Baffin Bay,
however, may require modifications of foraging strategy from month to month or even day to
day during break-up, freeze-up, or periods of strong winds (Ferguson et al. 2001). Polar bears
are adaptable enough to modify their foraging patterns for the extreme range of sea-ice scenarios

(Ferguson et al. 2001).

Polar bears must move throughout the year to adjust to the changing distribution of sea ice and
seals (Stirling 1988, USFWS 1995). In some areas, like Hudson Bay and James Bay, bears
remain on land when the sea ice retreats in the spring, where they must fast for several months
(up to eight months for pregnant females) before freeze-up again in the fall (Stirling 1988,
Derocher et al. 2004). Other populations unconstrained by land masses, such as those in the
Barents, Chukchi and Beaufort Seas, spend each summer on the multiyear ice of the polar basin
(Derocher et al. 2004). In island areas such as the Canadian Arctic archipelago or Svalbard and
Franz Josef Land archipelagos, bears stay with the ice most of the time, but in some years they
may spend up to a few months on land (Mauritzen et al. 2001). Most populations use terrestrial
habitat partially or exclusively for maternity denning, therefore, females must adjust their

movements in order to access land at the appropriate time (Stirling 1988, Derocher et al. 2004).

Polar bears appear to have good navigational ability and are able to return to previously used
areas after long distances of active and passive transport (Mauritzen et al. 2003a, Amstrup 2003).
As radiotelemetry studies have shown, female polar bears show only general fidelity to seasonal
feeding areas (Ferguson et al. 1997, Amstrup et al. 2000b). A quantitative analysis of the
movements of female polar bears over a multi-year period in the Beaufort Sea has made it
possible to develop models to predict polar bear distribution (Durner et al. 2004). These models
may be useful in making short-term predictions of polar bear distribution and abundance and
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assist in predicting and responding to initial impacts from threats such as oil spills, and longer

term changes associated with ice regime changes (Durner et al. 2004).

3. Variations in sea ice and polar bear

Yearly sea ice changes in response to environmental factors may in turn have consequences on
the distribution and productivity of polar bears as well as their prey. In the southern Beaufort
Sea heavy ice conditions in the mid-1970s and mid-1980s caused significant declines in
productivity of ringed seals (Stirling 2002). Each event lasted approximately three years and
caused similar declines in the natality of polar bears and survival of subadults, after which
reproductive success and survival of both species increased again. The changes in the sea ice
environment, and their consequent effects on polar bears, are demonstrable in parallel

fluctuations in the mean ages of polar bears killed each year by Inuit hunters (Stirling 2002).

Telemetry data from radio-collared female polar bears confirm that individuals occupy home
ranges (or “multi-annual activity areas’) which they seldom leave (Amstrup 2003). The size of a
polar bear’s home range is determined, at least in part, by the annual pattern of freeze-up and
break-up of the sea ice, and therefore by the distance a bear must travel to obtain access to prey
(Stirling 1988, Durner et al. 2004). A bear that has consistent access to ice, leads, and seals may
have a small home range, while bears in areas such as the Barents, Greenland, Chukchi, Bering,
or Baffin seas may have to move many hundreds of kilometers each year to remain in contact
with sea ice from which they can hunt (Born et al. 1997, Mauritzen et al. 2001, Ferguson et al.
2001, Amstrup 2003, Wiig et al. 2003). Figure 1 depicts population boundaries based on

differing movement patterns.

B. Maternal Denning Habitat

Throughout their range, most pregnant female polar bears excavate dens in snow located on land

in the fall- early winter period (Harington 1968, Lentfer and Hensel 1980, Ramsay and Stirling
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1990, Amstrup and Gardner 1994). The only known exceptions are in Western and Southern
Hudson Bay where polar bears excavate earthen dens and later reposition into adjacent snow
drifts (Jonkel et al 1972, Richardson et al. 2005b), and in the southern Beaufort Sea where a
portion of the population dens in snow caves located on pack and shorefast ice. Successful
denning by polar bears requires accumulation of sufficient snow for den construction and
maintenance. Adequate and timely snowfall combined with winds to cause snow accumulation
leeward of topographic features create denning habitat (Harington 1968). Polar bears give birth
in the dens during midwinter (Kostyan 1954, Harington 1968, Ramsay and Dunbrack 1986).
Survival and growth of cubs depends on the warmth and stable environment within the maternal
den (Blix and Lentfer 1979). Family groups emerge from dens in March and April when cubs

are approximately three months old.

Distribution of Denning. Most polar bear dens occur on land in “core areas” of each
populations’ range (Harington 1968). Large numbers of pregnant female polar bears repeatedly
and predictably concentrate their denning within these relatively small geographic regions. The
location of these “core” denning areas are well known and include particular islands of the
Svalbard Archipelago north of Norway (Leneg 1970, Larsen 1985), Franz Josef Land, Novaya
Zemlya, and Wrangel Island and Herald Island in Russia (Uspenski and Chernyavski 1965,
Uspenski and Kistchinski 1972), and the west coast of Hudson Bay, (Harington 1968, Jonkel et
al. 1975, Stirling et al. 1977b, Ramsay and Andriashek 1986, Ramsay and Stirling 1990). In
portions of their range, polar bears den in a more diffuse pattern with dens scattered over large
areas at low density (Lentfer and Hensel 1980, Stirling and Andriashek 1992, Amstrup 1993,
Amstrup and Gardner 1994, Messier et al. 1994, Born 1995, Ferguson et al. 2000a, Durner et al.
2001, 2003). Areas of known low density denning occur on the north slope of Alaska (Lentfer
and Hensel 1980, Amstrup 1993, Amstrup and Gardner 1994, Durner et al. 2001, 2003),
Chutotka Peninsula of Russia (Stishov 1991b, Stishov et al. 1991, Stishov 1998), East and
Northwest Greenland (Born 1995), and Banks Island, Simpson Peninsula, eastern Southhampton
Island, eastern Baffin Island and other less definable areas in Canada (Messier et al. 1994, Born

1995, Ferguson et al. 2000a).
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Habitat characteristics of denning areas vary and include the rugged mountains and fiord lands of
the Svalbard archipelago, or the large islands north of the Russian coast (Uspenski and
Chernyavski 1965, Lene 1970, Uspenski and Kistchinski 1972, Larsen 1985), low relief
topography characterized by tundra with riverine banks and coastal bluffs of Hudson Bay
(Ramsay and Andriashek 1986, Ramsay and Stirling 1990) and North Slope of Alaska (Amstrup
1993, Amstrup and Gardner 1994, Durner et al. 2001, 2003), and offshore pack ice pressure
ridge habitat. The common characteristic of all denning habitat is topographic features that catch
snow in the autumn and early winter (Durner et al. 2003). The northern Alaskan coast gets
minimal snowfall. However, the landscape is so flat and snow is blown continuously throughout
the winter creating drifts in areas of relief. Most polar bear dens occur relatively near the coast
with the exception of Western Hudson Bay, where females regularly den 29 to 118 km inland to

traditional denning areas (Kolenosky and Prevett 1983, Stirling and Ramsay 1986).

Fidelity to Denning Locales. Amstrup and Garner (1994) followed 27 females for up to four
maternity dens. Bears that denned once on pack ice were more likely to den on pack ice than on
land in subsequent years, and vice versa. Similarly, bears were faithful to general geographic
areas. Those that denned once in the eastern half of the Alaskan coast were more likely to den
there than to the west in subsequent years. When all years were considered, denning polar bears
preferred some areas, but no areas were used by collared bears in all years. Weather, ice
conditions, and prey availability, all of which varied annually, probably determined where bears
denned. Those annual variations and the long-distance movements of polar bears (Amstrup et al.
1986, Amstrup et al. 2000b; Garner et al.1990) make seasonal recurrence at exactly the same

location unlikely.

The only other region where data are available on fidelity to denning areas is Hudson Bay.
There, pregnant females initiate their over winter denning period in earthen dens they occupy in
summer. During winter, they burrow into adjacent snow drifts (Watts and Hansen 1987). There
was greater fidelity to local areas than in the Beaufort Sea, but site-specific philopatry was not
apparent (Ramsay and Stirling 1990).
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Despite general fidelity to local areas, the overall distribution of denning along the west coast of
Hudson Bay shifted inland over a 20-year period (Ramsay and Stirling 1990). Because bears are
able to return to the same area, the reason for the shift is not clear but may be related to adult
males occupying the areas nearest the coast and precluding use by females. A similar shift
appears to be occurring in the Beaufort Sea region as well. In the southern Beaufort Sea a trend
of decreasing use of pack ice for denning has been detected (Fischbach et al., in prep.). Analysis
of satellite telemetry data revealed that from 1985-1994, 63.8% of known dens were located on
sea ice, compared to 36.4% of dens from 1995-2004. The potential reasons for the change in
distribution included reductions in hunting pressure on land; availability of bowhead whale
carcasses in the fall on land; climate induced changes in sea ice characteristics; availability of
prey; and/or other unidentified ecological factors. Harington (1968), Larsen (1985), and Lene
(1970) concluded that variation in the local pattern of sea-ice movements during the preceding
summer and autumn accounts for annual changes in the distribution of winter dens. Multiple-

year trends in changing sea-ice patterns clearly could alter denning and other behavioral patterns.

Denning Chronology. Pregnant female polar bears enter their dens in the autumn (September to
November) after drifts large enough to excavate a snow cave are formed. The annually variable
snow and ice conditions determine when and where bears enter their dens each autumn. Polar
bears depart dens in the spring (February-April) when their cubs are able to survive in the outside

climate (Blix and Lentfer 1979, Amstrup 1995).

Polar bears are largely food deprived while on land in the ice-free period. During this time, they
survive by mobilizing stored fat. Pregnant females that spend the late summer on land and then
go right into dens may not feed for 8 months (Watts and Hansen 1987, Ramsay and Stirling
1988). This may be the longest period of food deprivation of any mammal, and it occurs at a time

when the female must give birth and nourishment to her new cubs.

Satellite telemetry data confirm that the chronology of denning varies somewhat between
populations. In the Beaufort Sea, mean dates of den entry were 11 and 22 November for land (n
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= 20) and pack-ice (n = 16) dens, respectively (Amstrup and Gardner 1994). Female bears
continued foraging right up to the time of den entry, and then they denned nearby. The mean
date of emergence was 26 March for pack ice dens (n = 10) and 5 April for land dens (n = 18).
Messier et al. (1994) reported the mean date of entry and exit varied somewhat among years
depending on sea-ice, snow, and weather conditions. Messier et al. (1994) reported the mean
entry into maternal dens in the Canadian Arctic was 17 September and mean emergence was 21
March. Females and their cubs remained near dens for a mean 13 (SE=3) days in the spring
before leaving the denning area. This may indicate an earlier and more protracted denning period
at higher latitudes than in the Beaufort Sea. Ferguson et al. (2000a) observed that bears denning
at higher latitudes entered their dens a bit later than those to the south, but that exit times did not
differ by latitude. They reported a mean den entry of 15 September (1 September—7 October), a
mean exit of 20 March (15-28 March), and a mean 180 days in dens (163-200 days). As noted
earlier, initiation of denning depends on sufficient snow accumulation to allow excavation of a
den cavity. For bears denning on sea-ice or moving from sea-ice to land denning habitat, timing
of sea ice consolidation can alter the onset of denning. Sea-ice dens must be in ice stable enough
to stay intact for up to 164 days while possibly being moved hundreds of kilometers by currents

(Amstrup 2003, Wiig 1998).

Scott and Stirling (2002) examined the chronology of terrestrial den use by polar bears in
Western Hudson Bay as indicated by tree growth ring anomalies associated with disturbance
from den construction in the area of the root mass. Tree growth rings were evaluated in the black
spruce (Picea mariana) around and above 31 den sites. Trees sampled at these den sites ranged
in age from 46 to 236 years (n = 83, mean = 136). Some individual den sites dated back at least
200 years. Increased denning activity in the area was correlated with reductions in disturbance
due to humans at theYork Factory. Mark-recapture studies undertaken from 1970 to 2000
indicate that female polar bears in the Western Hudson Bay population have a long-term fidelity
to this specific area for maternity denning, and the area has used for denning area for several

hundred years (Scott and Stirling 2002).
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IV. Population Status and Trend (excerpted from the PBSG 14™ Working
Group Proceedings)

A. Distinct Population Segments

Just as the labile nature of the sea-ice results in annual variability in the distribution of suitable
habitat for polar bears, it also eliminates any benefit to polar bears of defending territories. The
location of resources is less predictable than resources on which terrestrial predators depend.
Seals tend to be distributed over very large areas at low densities (Stirling and Oritsland 1995).
Furthermore, their distribution, density, and productivity are extremely variable among years
(DeMaster et al. 1980, Stirling et al. 1982, Stirling and Oritsland 1995). Absence of strict
fidelity, especially during breeding and denning seasons (Garner et al. 1994b, Amstrup and
Gardner 1994), essentially prohibits defendable territories. Males similarly must be free of the
need to defend territories if they are to maximize their potential for finding mates each year
(Ramsay and Stirling 1986). Although there may be limited spatial segregation among individual
polar bears, telemetry studies have demonstrated spatial segregation among groups or stocks of
polar bears in different regions (Schweinsburg and Lee 1982, Amstrup et al. 1986, 2000b, Garner
etal. 1990, 1994, Messier et al. 1992, Amstrup and Gardner 1994, Wiig 1995, Bethke et al.1996,
Ferguson et al. 1999, Mauritzen et al. 2002).

B. Status and distribution

The total number of polar bears worldwide is estimated to be 20,000-25,000. Polar bears are not
evenly distributed throughout the Arctic, nor do they comprise a single nomadic cosmopolitan
population, but rather occur in 19 relatively discrete populations (Figure 1). The following
population summaries are the result of discussions of the IUCN/SSC Polar Bear Specialist Group
held in Seattle, Washington in June 2005, and have been updated with results that became

available as of June 2006. The information on each population is based on the status reports and
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revisions given by each nation. Population sizes and associated uncertainty in estimates, historic
and predicted human-caused mortality, population trends, and rationale for determinations of
status are presented. Where data allowed, or the approach was deemed appropriate for a
jurisdiction, results of stochastic population viability analyses (PVA) to estimate the likelihood

of future population decline are presented.

Status Table Structure

Population Size

Table 1 presents population sizes and uncertainty in the estimates as + 2 standard errors of the
mean (SE), or ranges. These estimates are based on scientific research using mark and recapture
analysis or aerial surveys and the years in which data were collected is presented to give an
indication of the current reliability of population estimates. For some populations, scientific data
were not available and population estimates were extrapolated from density estimates and/or
local traditional ecological knowledge (TEK). In some cases this also includes simulations based
on the minimum size necessary to support local knowledge of population trends. Although these
data are presented in addition to, or in some cases as an alternative to, dated scientific estimates,
methods other than mark and recapture analysis or aerial surveys have unknown margins of error

and in most cases, inestimable errors.

Human-Caused Mortality

For most populations, particularly those in North America, harvesting polar bears is a regulated
activity. In many cases, harvesting is the major cause of mortality for bears. In most jurisdictions
the total numbers of bears killed by humans in pursuit of sport and subsistence hunting, accident,
and in defense-of-life or property are documented. Where data allow, the 5-year mean of known
human-caused mortality (removals) for each population is presented. Also, the anticipated
removal rate of polar bears in each jurisdiction based on known increases in hunting quotas

and/or the average removal rate of polar bears by jurisdiction over the past 5 years is presented.

Trend and Status
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Qualitative categories of trend and status are presented for each polar bear population (Table 1).
Categories of trend include an assessment of whether the population is currently increasing,
stable, or declining, or if insufficient data is available to estimate trend (data deficient).
Categories of status include our assessment of whether populations are not reduced, reduced, or
severely reduced from historic levels of abundance, or if insufficient data is available to estimate

status (data deficient).

Population Viability Analysis

For some populations, recent quantitative estimates of abundance and parameters of survival and
reproduction are available to determine likelihoods of future population decline using PVA. The
PV A model RISKMAN (Taylor et al. 2001a) is used to estimate risks of future declines in polar
bear populations given demographic parameters and uncertainty in data. However, commentors
noted that RISKMAN continues to be a work in progress and, although a useful tool, RISKMAN
is an extremely complicated model which has not been thoroughly subjected to peer review. The
model and documentation detailing the model’s structure are available at
http://www.nrdpfc.ca/riskman/riskman.htm. Publications based on the RISKMAN model include
Eastridge and Clark (2001), McLoughlin et al. (2003), and Taylor et al. (2002).

RISKMAN can incorporate stochasticity into its population model at several levels, including
sampling error in initial population size, variance about vital rates due to sample size and annual
environmental variation (survival, reproduction, sex ratio), and demographic stochasticity.
RISKMAN uses Monte Carlo techniques to generate a distribution of results, and then uses this
distribution to estimate population size at a future time, population growth rate, and proportion of
runs that result in a population decline set at a predetermined level by the user. The latter

approach was adopted to estimate persistence probability.

The approach to variance in this simulation was to pool sampling and environmental variances
for survival and reproduction. The approach was chosen because: 1) variances for reproductive
parameters often did not lend themselves to separating the sampling component of variance from

environmental variance, and 2) it allows the risks of population decline including all sources of
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uncertainty in the data (i.e. pooling sampling error with environmental error presents more

conservative outcomes of population persistence) to be quantified.

For each population model, the frequency of occurrence of population declines and/or increases
after 10 years was reported as the cumulative proportion of total simulation runs (2,500
simulations). Model projections using these criteria were chosen because: 1) the population
inventory cycle for most areas is planned to be 10—15 years in duration, and 2) we do not
advocate using PVA over long time periods in view of potential significant changes to habitat
resulting from Arctic climate change. In individual runs populations could recover from
‘depletion’, but not from a condition where all males or all females or both were lost. Required
population parameter estimates and standard error inputs included annual natural survival rate
(stratified by age and sex as supported by the data), age of first reproduction, age-specific litter
production rates for females available to have cubs (i.e. females with no cubs and females with
2-year-olds), litter size, the sex ratio of cubs, initial population size, and the sex, age, and family

status distribution of the harvest. Input data are shown in Tables 1-3.

The standing age distribution measured from captured bears was always female-biased, likely
due to long-term harvesting of males in populations for which simulations were performed
(Table 1). Because we wished to err on the side of caution, for all simulations we used the stable
age distribution expected for the population at the anticipated annual removal rate as the initial
age/sex distribution (i.e. initializing the population at the stable age distribution produced more
conservative outcomes compared to that of the existing standing age distribution). The harvest
selectivity and vulnerability array was identified by comparing the standing age distribution of
the historical harvest of populations to the total mortality, stable age distribution. Harvest was
stratified by sex, age (cubs and yearlings, age 2—5, age 6—19, and age >20) and family status
(alone, with cubs and yearlings, or with 2-year-olds). We ran harvest simulations using natural
survival rates (without harvest), upon which anticipated annual removal rates (i.e. human-caused

mortality from all sources) were added.

C. Population Summary
37



1. East Greenland (EG)

No inventories have been conducted in recent years to determine the size of the polar bear
population in eastern Greenland. Satellite-telemetry has indicated that polar bears range widely
along the coast of eastern Greenland and in the pack ice in the Greenland Sea and Fram Strait
(Born et al. 1997, Wiig et al. 2003). However, various studies have indicated that more or less
resident groups of bears may occur within this range (Born 1995, Sandell et al. 2001). Although
there is little evidence of a genetic difference between populations in the eastern Greenland and
Svalbard — Franz Josef Land regions (Paetkau et al. 1999), satellite telemetry and movement of
marked animals indicate that the exchange between these populations is minimal (Wiig 1995,

Born et al. 1997, Wiig et al. 2003).

During 1999-2003, the annual catch in eastern and southwestern Greenland averaged 70 bears
(range, 56-84 bears per year) (Born and Sonne 2005). The catch of polar bears taken in
southwestern Greenland, south of 62° N, must be added to the catch statistics from eastern
Greenland because polar bears arrive in the southwestern region with the drift ice that comes
around the southern tip from eastern Greenland (Sandell et al. 2001). During 1993 (first year of
instituting a new catch recording system) and 2003 there was no significant trend in the catch of
polar bears in eastern and southwestern Greenland (Born and Sonne 2006). Greenland introduced
polar bear quotas taking effect on 1 January 2006. The total quota for 2006 is 50 polar bears for
the two East Greenland municipalities Ittoqqortoormiit (30) and Ammassalik (20). The
maximum quota for those municipalities in Southwest Greenland that hunt bears coming from

the East Greenland population is 7 for 2006.

Despite an increasing practice by hunters from Scoresby Sound in central East Greenland to go
further north to take polar bears during spring, there is no information to indicate an overall
increase in hunting by East Greenlanders (Sandell et al. 2001). Based on harvest sampling from
109 polar bears in Scoresby Sound during 1999-2001, the proportion of adult (=<independent)

female polar bears in the catch in eastern Greenland is estimated at 0.43 (Danish National
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Environmental Research Institute, unpubl. data).

Given the estimates of the proportion of adult females in the catch and an annual catch of about
70 bears (i.e. eastern and southwestern Greenland combined), a minimum population of about
2000 individuals would be needed to sustain this take. However, the actual number of animals in

the exploited population is unknown.

During the last decades, the ice in the East Greenland area has diminished both in extent
(Parkinson et al. 1999, Parkinson 2000b) and thickness (ACIA 2004, Yu, Y. et al. 2004). It has
been predicted that this trend will continue in this century (Rysgaard et al. 2003). Furthermore,
polar bears in East Greenland have relatively high body burdens of organic pollutants (Norstrom
et al. 1998, Dietz et al. 2004) and levels of these pollutants seem to have increased between 1990
and 1999-2001 (Dietz et al. 2004). Several studies indicate that organic pollutants may have

negatively affected polar bears in this region (overveiw in Born and Sonne 2006).

The effects of Arctic warming on East Greenland polar bears have not been documented.
However, considering the effects of climate change in other parts of the Arctic (e.g.Western
Hudson Bay), these environmental changes may also be in effect and cause concern about how

polar bears in East Greenland may be negatively affected.

2. Barents Sea (BS)

The size of the BS population was estimated to be about 3000 in August 2004 (Aars et al. 2006)
which suggests that earlier estimates based on den counts and ship surveys (Larsen 1986) were
too high. This suggestion is further supported by ecological data that indicate the population
grew steadily the first decade after protection from hunting in 1973, and then either continued to
grow or stabilized after that. Denning occurs on several islands both on Franz Josef Land
(Belikov and Matveev 1983) and Svalbard (Larsen 1985). Studies on individual movement and
population ecology using telemetry data and mark-recapture methods have been conducted in the
Svalbard area since the early 1970s (Larsen 1972, 1986, Wiig 1995, Mauritzen et al. 2001,
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2002). Studies on movements using telemetry data show that some polar bears associated with
Svalbard are very restricted in their movements but bears from the Barents Sea range widely
between Svalbard and Franz Josef Land (Wiig 1995, Mauritzen et al. 2001). Population
boundaries based on satellite telemetry data indicate that the Barents Sea is a natural population
unit, albeit with some overlap to the east with the Kara Sea population (Mauritzen et al. 2002).
Although overlap between the Barents Sea and East Greenland may be limited (Born et al.
1997), low levels of genetic structure among all these populations indicates substantial gene flow
(Paetkau et al. 1999). The BS population is currently unharvested with the exception of bears
killed in defense of life and property (Gjertz and Persen 1987, Gjertz et al. 1993, Gjertz and
Scheie 1998). The population was depleted by over-harvest but a total ban on hunting in 1973 in
Norway and in 1956 in Russia allowed it to increase (Larsen 1986, Prestrud and Stirling 1994).
High levels of PCBs have been detected in samples of polar bears from this area which raises
concern about the effects of pollutants on polar bear survival and reproduction (Skaare et al.
1994, Bernhoft et al. 1997, Norstrom et al. 1998, Andersen et al. 2001, Derocher et al. 2003).
Recent studies suggest a decline and levelling of some pollutants (Henriksen et al. 2001) while
new pollutants have been discovered (Wolkers et al. 2004). Oil exploration in polar bear habitat
may increase in the near future (Isaksen et al. 1998). The natural history of this population is

described by Leng (1970), and Derocher (2005).

3. Kara Sea (KS)

This population includes the Kara Sea and overlaps in the west with the BS population in the
area of Franz Josef Land and Novaya Zemlya archipelagos. Data for the Kara and Barents Seas,
in the vicinity of Franz Josef Land and Novaya Zemlya, are mainly based on aerial surveys and
den counts (Parovshikov 1965, Belikov and Matveev 1983, Uspenski 1989, Belikov et al. 1991,
Belikov and Gorbunov 1991, Belikov 1993). Telemetry studies of movements have been done
throughout the area but data to define the eastern boundary are incomplete (Belikov et al. 1998,
Mauritzen et al. 2002). The population size estimate is unknown. Reported harvest activities
have been limited to defense kills and an unknown number of illegal kills; these are not thought

to be having an impact on the size of the population. However, contaminant levels in rivers
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flowing into this area and recent information on nuclear and industrial waste disposal raise
concerns about the possibility of environmental damage. Recent studies show that polar bears
from the Kara Sea have some of the highest organochlorine pollution levels in the Arctic

(Andersen et al. 2001, Lie et al. 2003).

4. Laptev Sea (LV)

The LV population area includes the western half of the East Siberian Sea and most of the
Laptev Sea, including the Novosibirsk and possibly Severnaya Zemlya islands (Belikov et al.
1998). The estimate of population size for the Laptev Sea (800-1200) is based on aerial counts of
dens on the Severnaya Zemlya in 1982 (Belikov and Randala 1987) and on anecdotal data
collected from 1960 through the 1980s on the number of females coming to dens on Novosibirsk
Islands and on the mainland coast (Kistchinski 1969, Uspenski 1989). This estimate should
therefore be regarded as preliminary. Reported harvest activities in this population are limited to
defense kills and an apparently small but unknown number of illegal kills. The current levels of
harvest are not thought to be having a detrimental impact on the population (Belikov et al. 2002,

Aars et al. 2005).

5. Chukchi Sea (CS)

Cooperative studies between the U.S. and Russia have revealed that polar bears in this area, also
known as the Alaska-Chukotka population, are widely distributed on the pack ice of the northern
Bering, Chukchi, and eastern portions of the East Siberian seas (Garner et al. 1990, Garner et al.
1994a, Garner et al. 1995). Based upon these telemetry studies, the western boundary of the
population was set near Chaunskaya Bay in northeastern Russia. The eastern boundary was set at
Icy Cape, Alaska, which also is the previous western boundary of the southern Beaufort Sea (SB)
population (Amstrup et al. 1986, Amstrup and DeMaster 1988, Garner et al. 1990, Amstrup
1995, Amstrup et al. 2004, Amstrup et al. 2005). This eastern boundary constitutes a large

overlap zone with bears in the SB population.
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Estimates of the size of the population have been derived from observations of dens, and aerial
surveys (Chelintsev 1977, Stishov 1991a, Stishov 19915, Stishov et al. 1991). However, these
estimates have wide ranges (ca. 200-500) and are considered to be of little value for
management. Reliable estimates of population size based upon mark and recapture are not
available for this region, although recent studies provide data for analyses using new spatial
modelling techniques, as reported in the SB population section. Probabilistic distribution
information for zones of overlap between the CS and BS populations is now available. This
information can be used to more accurately describe sustainable harvest levels once defensible
estimates of abundance are developed (Amstrup et al. 2004, Amstrup et al. 2005). The
approximate boundaries of this population for illustration purposes are as described above and as

reported previously (Lunn et al. 2002a).

The status of the CS population, which was believed to have increased after the level of harvest
was reduced in 1972, is now thought to be uncertain or declining (Aars et al. 2006). Measuring
the population size remains a research challenge (Evans et al. 2003) and recent reports of
substantial levels of illegal harvest in Russia are cause for concern. Legal harvesting activities
are currently restricted to Inuit in western Alaska. In Alaska, average annual harvest levels
declined by approximately 50% between the 1980s and the 1990s (Schliebe et al. 1998) and have
remained at low levels in recent years. There are several factors potentially affecting the harvest
level in western Alaska. The factor of greatest direct relevance is the substantial illegal harvest in
Chukotka. In addition, other factors such as climatic change and its effects on pack ice
distribution, as well as changing demographics and hunting effort in native communities
(Schliebe et al. 2002) could influence the declining take. Recent measures undertaken by
regional authorities in Chukotka may have reduced the illegal hunt (Kochnev, Kavry pers.
comm.). The unknown rate of illegal take makes the stable designation uncertain and tentative

and as a precaution the Chukchi population is designated as declining.

Implementation of the United States-Russia Agreement on the Conservation and Management of
Polar Bear is designed to ensure that a scientifically-based, sustainable management program is

instituted. Management will include active involvement of Native hunters’ organizations from
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Alaska and Chukotka. On December 9, 2006 the United States Congress passed the “United
States-Russia Polar Bear Conservation and Management Act of 2006.” This Act provides the

authorities in the U.S. to fully implement the Agreement noted earlier.

As with the Beaufort Sea population, the primary concerns for this region are the impacts of
climate change, human activities including industrial development within the near-shore
environment, increases in the atmospheric and oceanic transport of contaminants into the region,

and possible over-harvest of a stressed or declining population.

6. Southern Beaufort Sea (SB)

The SB polar bear population is shared between Canada and Alaska. During the early 1980s,
radio-collared polar bears were followed from the Canadian Beaufort Sea into the eastern
Chukchi Sea of Alaska (Amstrup et al. 1986, Amstrup and DeMaster 1988). Radio-telemetry
data, combined with earlier tag returns from harvested bears, suggested that the SB region
comprised a single population with a western boundary near Icy Cape, Alaska, and an eastern
boundary near Pearce Point, NWT, Canada (Amstrup et al. 1986, Amstrup and DeMaster 1988,
Stirling et al. 1988). Recognition that the polar bears within this region were shared by Canada
and Alaska prompted development of the “Polar Bear Management Agreement for the Southern
Beaufort Sea” (Agreement) between the Inuvialuit Game Council (IGC) of Canada, and the
North Slope Borough (NSB) of Alaska. The Agreement was ratified by both parties in 1988. The
text of the Agreement included provisions to protect bears in dens and females with cubs, and
stated that the annual sustainable harvest from the SB polar bear population would be shared
between the two jurisdictions. Harvest levels also were to be reviewed annually in light of the
best scientific information available (Treseder and Carpenter 1989, Nageak et al. 1991). An
evaluation of the effectiveness of the Agreement during the first 10 years (Brower et al. 2002)
concluded that the Agreement had been successful in ensuring that the total harvest, and the
proportion of the harvest comprised of adult females, remained within sustainable limits. The
evaluation also noted that increased monitoring efforts and continued restraint in harvesting

females were necessary to ensure continued compliance with the provisions of the Agreement.
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Early estimates suggested the size of the SB population was approximately 1800 polar bears,
although uneven sampling was known to compromise the accuracy of that estimate (Amstrup et
al. 1986, Amstrup and DeMaster 1988, Amstrup 1995). New population estimation techniques
are emerging and continue to be refined (Amstrup et al. 2001, Amstrup et al. 2005, McDonald
and Amstrup 2001). The field work for an intensive capture-recapture effort in the SB region,
coordinated between the U.S. and Canada, was completed in spring 2006 and a final population
analysis and report will be available by summer 2007. The preliminary analysis of the joint data
was completed in June 2006. That analysis indicated the population of the region between Icy
Cape and Pearce Point is now approximately 1500 polar bears (95% confidence intervals
approximately 1000 - 2000). Further analyses are likely to tighten the confidence intervals, but
not likely to change the point estimate appreciably. Although the confidence intervals of the
current population estimate overlap the previous population estimate of 1,800, other statistical
and ecological evidence (e.g. high recapture rates encountered in the field) suggest that the
current population is actually smaller than has been estimated for this area in the past.
Observations of changes in polar bear body condition and unusual hunting behaviors in polar
bears (e.g. cannibalism, digging through solid ice to find seals) suggest foraging success may
have declined (Amstrup et al. 2006b). These observations parallel those made in western Hudson
Bay (see below), where changes in sea ice, caused by warmer temperatures, have caused a
population reduction (Stirling and Parkinson 2006). Although the new SB population estimate is

preliminary, we believe it should be used for current status assessments.

Stirling (2002) reviewed the ecology of polar bears and seals in the Canadian sector of the
Beaufort Sea from 1970 through 2000. Research incorporating the collection and analysis of
radio-telemetry data in the SB region has continued on a nearly annual basis through present
time. Recent analyses of radio-telemetry data using new spatial modelling techniques suggest
realignment of the boundaries of the SB area (Amstrup et al. 2004, Amstrup et al. 2005). We
now know that nearly all bears in the central coastal region of the Beaufort Sea are from the SB
population, and that proportional representation of SB bears decreases to both the west and east.
For example, only 50% of the bears occurring in Barrow, Alaska and Tuktoyaktuk, NWT are SB
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bears, with the remainder being from the CS and northern Beaufort Sea (NB) populations,
respectively. The recent radio-telemetry data indicate that bears from the SB population seldom
reach Pearce Point, which is currently on the eastern management boundary for the SB

population.

Historically, a principal assumption of the Agreement was that polar bears harvested within the
SB region came from a single population. However, our improved understanding of the spatio-
temporal use patterns of bears in the SB region provides the foundation for improved harvest
management, based on the geographic probability of bears occurring in specific areas at specific
times of the year (Amstrup et al. 2005). Assignment of new boundaries based upon this
information will probably necessitate a readjustment of the total size of the SB population, to
correspond with a smaller geographic area. This adjustment is likely to reduce the estimated size
of the SB population because some polar bears formerly assigned to the SB will be re-assigned to
the NB and CS populations. For purposes of this report, however, we continue to use the
previously-published boundaries for the SB population. This population is assessed using the

sustainable yield criteria previously reported.

The primary management and conservation concerns for the SB population are: 1) climate
warming, which continues to increase both the expanse and duration of open water in summer
and fall; 2) human activities, including hydrocarbon exploration and development occurring
within the near-shore environment; 3) changing atmospheric and oceanic transport of
contaminants into the region; and 4) possible inadvertent over-harvest of the SB population, if it
becomes increasingly nutritionally-stressed or declines due to some combination of the afore-

mentioned threats.

7. Northern Beaufort Sea (NB)

Studies of movements and population estimates of polar bears in the eastern Beaufort Sea have

been conducted using telemetry and mark-recapture at intervals since the early 1970s (Stirling et

al. 1975, 1988, DeMaster et al. 1980, Lunn et al. 1995). As a result, it was recognized that there
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were separate populations in the North and South Beaufort Sea areas and not a single population
as was suspected initially (Stirling et al. 1988, Amstrup 1995, Taylor and Lee 1995, Bethke et al.
1996). The density of polar bears using the multi-year ice north of the main study area was lower
than it was further south. The estimate of 1,200 polar bears (Stirling et al. 1988) for the NB
population was believed to be unbiased at the time but the northwestern coast of Banks Island
was not completely surveyed because of perceived conflicts with guided sport hunters in the area
at that time. A coordinated, intensive mark and recapture study covering the whole of the
Beaufort Sea and Amundsen Gulf was completed in 2006 and a final analysis and report will
follow. Until this new estimate is available, the previous estimate and quota will continue to be
used for management purposes. The harvest is being closely monitored and appears to be

sustainable (Stirling, pers. comm.)

Recent analyses, using data from satellite tracking of female polar bears and new spatial
modelling techniques, indicate the boundary between NB and the SB populations needs to be
adjusted, probably expanding the area occupied by bears from NB and retracting that of SB
(Amstrup et al. 2004, Amstrup et al. 2005).

The primary concerns for this population are from climate warming that continues to expand
both the expanse and duration of open water in summer and fall, changing characteristics of
atmospheric and oceanic transport of contaminants into the region, and possible inadvertent

over-harvest of a population stressed or declining as a result of the previous threats.

8. Viscount Melville Sound (VM)

A 5-year study of movements and size of the VM population, using telemetry and mark-
recapture, was completed in 1992 (Messier et al. 1992, 1994, Taylor et al. 2002). Population
boundaries are based on observed movements of female polar bears with satellite radio-collars
and movements of bears tagged in and out of the study area (Bethke et al. 1996, Taylor et al.
2001b). The current population estimate of 215 was based on population data collected prior to
1993 (Taylor et al. 2002). When quotas were originally allocated in the 1970s, the size and
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productivity of the population was thought to be greater because they occurred in such a large
geographic area. However, this area is characterized by heavy multi-year ice and low densities of
ringed seals (Kingsley et al. 1985), and the productivity and density of polar bears was lower
than initially expected. Consequently, quotas were reduced and a 5-year moratorium on hunting

began in 1994/95. Hunting resumed in 1999/2000 with an annual quota of 4 bears.

In 1999, the former Northwest Territories was divided into two new territories: NWT and
Nunavut, and resulted in the VM population being shared between the two jurisdictions. In
2004/2005 the annual quota was increased to 7 bears (NWT — 4, Nunavut — 3). The population is

regarded as severely reduced in relation to historic population size (Aars et al. 2006).

9. Norwegian Bay (NW)

The NW polar bear population is bounded by heavy multi-year ice to the west, islands to the
north, east, and west, and polynyas to the south (Stirling 1980, 1997, Taylor et al. 2001b, unpubl.
data). From data collected during mark-recapture studies, and from satellite radio-tracking of
adult female polar bears, it appears that most of the polar bears in this population are
concentrated along the coastal tide cracks and ridges along the north, east, and southern
boundaries (Taylor et al. 2001b). The preponderance of heavy multi-year ice through most of the
central and western areas has resulted in low densities of ringed seals (Kingsley et al. 1985) and,
consequently, low densities of polar bears. Based on preliminary data, the current estimate for
this population based on data collected during 1993-1997 is 190 bears (Taylor et al., unpubl.
data). Survival rate estimates for the NW population were derived from pooled Lancaster Sound
(LS) and NW data because the populations are adjacent, and because the number of bears
captured in Lancaster Sound was too small for reliable survival estimates. Recruitment estimates
were derived from the standing age distribution (Taylor et al. 2000). The harvest quota for the
NW population was reduced to 4 bears (3 males and 1 female) in 1996. This population is
reported as declining (Aars et al. 2006).

10. Lancaster Sound (LS)
47



The central and western portion of the LS population region is characterized by high biological
productivity and high densities of ringed seals and polar bears (Schweinsburg et al. 1982, Stirling
et al. 1984, Kingsley et al. 1985, Welch et al. 1992). The western third of this region (eastern
Viscount Melville Sound) is dominated by heavy, multi-year ice and apparently low biological
productivity, as evidenced by low densities of ringed seals (Kingsley et al. 1985). In the spring
and summer, densities of polar bears in the western third of the area are low, however, as break-
up occurs, polar bears move west to summer on the multi-year pack-ice. Recent information on
the movements of adult female polar bears monitored by satellite radio-collars, and mark-
recapture data from past years, has shown that this population is distinct from the adjoining
Viscount Melville Sound (VM), M’Clintock Channel (MC), Gulf of Boothia (GB), BB, and
Norwegian Bay (NW) populations (Taylor et al. 2001b). For PVA in this status report, survival
rates of polar bears in the NW and LS populations were pooled to minimize sampling errors. The
current population estimate of 2,541 bears is based on an analysis of both historical and current
mark-recapture data to 1997 (Taylor et al., unpubl. data). This estimate is considerably larger
than a previous estimate of 1,675 that included Norwegian Bay (Stirling et al. 1984), and was
considered to be conservative. Taylor et al. (unpubl. data) also estimate a suite of survival and
recruitment parameters (Table 2) that suggest this population has a lower recruitment rate than

previously estimated.

11. M'Clintock Channel (MC)

The current population boundaries for the MC population of polar bears are based on recovery of
tagged bears and movements of adult females with satellite telemetry collars in adjacent areas
(Taylor and Lee 1995, Taylor et al. 2001b). These boundaries appear to be a consequence of
large islands to the east and west, the mainland to the south, and the heavy multi-year ice in
Viscount Melville Sound to the north. A six-year mark-recapture study covered most of this area
in the mid-1970s (Furnell and Schweinsburg 1984). An estimate of 900 bears was derived from
the data collected within the boundaries of the MC population, as part of a study conducted over

a larger area of the Central Arctic (Furnell and Schweinsburg 1984). More recently, local hunters
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suggested 900 might be too high, so the Canadian Polar Bear Technical Committee accepted a

recommendation to reduce the estimate to 700.

Following the completion of a mark-recapture inventory in spring 2000, the population estimate
was 284 (Taylor et al., in press). Natural survival and recruitment rates (Table 2) were also
estimated at values lower than previous standardized estimates (Taylor et al. 1987). The
Government of Nunavut implemented a moratorium on hunting for the 2001/2002 and
2002/2003 hunting seasons. The current annual quota for MC is 3 bears. The population is
regarded as to be severely reduced (Aars et al. 2006).

12. Gulf of Boothia (GB)

The boundaries of the GB polar bear population are based on genetic studies (Paetkau et al.
1999), movements of tagged bears (Stirling et al. 1978, Taylor and Lee 1995), movements of
adult females with satellite radio-collars in the Gulf of Boothia and adjacent areas (Taylor et al.
2001b), and interpretations by local Inuit hunters of how local conditions influence the
movements of polar bears in the area. An initial population estimate of 333 bears was derived
from data collected as part of a study conducted over a larger area of the Central Arctic (Furnell
and Schweinsburg 1984). Although population data from Gulf of Boothia were limited, local
hunters reported that the population was stable or had increased since the time of the Central
Arctic polar bear survey. Based on Inuit knowledge, recognition of sampling deficiencies, and
polar bear densities in other areas, in the 1990s an interim estimate of 900 for the GB population

was established.

Following the completion of a mark-recapture inventory in spring 2000, the population was
estimated to number 1,523 bears (Taylor et al., unpubl. data). Natural survival and recruitment
rates (Table 2) were estimated at values higher than the previous standardized estimates (Taylor

et al. 1987).

13. Foxe Basin (FB)
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Based on 12 years of mark-recapture studies, tracking of female bears with conventional radios,
and satellite tracking of adult females in Western Hudson Bay and southern Hudson Bay, the FB
population of polar bears appears to occur in Foxe Basin, northern Hudson Bay, and the western
end of Hudson Strait (Taylor and Lee 1995). During the ice-free season, polar bears are
concentrated on Southampton Island and along the Wager Bay coast and significant numbers of
bears are also encountered on the islands and coastal regions throughout the Foxe Basin area. A
total population estimate of 2,119 bears was developed in 1996 (Taylor, unpubl. data) from a
mark-recapture analysis based on tetracycline biomarkers (Taylor and Lee 1994). The marking
effort was conducted during the ice-free season and distributed throughout the entire area. The
population estimate is believed to be accurate, but dated. Simulation studies suggest that the
harvest prior to 1996 reduced the population from about 3,000 bears in the early 1970s to about
2,100 bears in 1996. Harvest levels were reduced in 1996 to permit slow recovery of this

population, provided that the kill in Québec did not increase.

In December 2004, TEK indicated that the population had increased. After consultations with
native communities, Nunavut increased the harvest quota to a level consistent with a population
level of 2,300 bears. Co-management discussions with Québec are ongoing. Survival and
recruitment rates used for risk assessment are based on the rates obtained for the adjacent BB

population (Taylor et al. 2005).

14. Western Hudson Bay (WH)

The distribution, abundance, and population boundaries of the WH polar bear population have
been the subject of research programs since the late 1960s (Stirling et al. 1977b, Stirling et al.
1999, Derocher and Stirling 1995a ,Derocher and Stirling 1995b, Taylor and Lee 1995, Lunn et
al. 1997). Over 80% of the adult population is marked, and there are extensive records from
capture-recapture studies and tag returns from polar bears killed by Inuit hunters. During the
open water season, the WH population appears to be geographically segregated from the
Southern Hudson Bay (SH) population to the east and the FB population to the north. During the
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winter and spring, the 3 populations mix extensively on the sea ice covering Hudson Bay
(Stirling et al. 1977b, Derocher and Stirling 1990, Stirling and Derocher 1993, Taylor and Lee
1995). The size of the WH population was estimated to be 1,200 bears in autumn, in 1988 and
1995 (Derocher and Stirling 1995a, Lunn et al. 1997). At that time, the size of the WH

population appeared to be stable, and the harvest was believed to be sustainable.

Over the past three decades, there have been significant declines in the body condition of adult
male and female polar bears, and in the proportion of independent yearlings captured during the
open water season in Western Hudson Bay (Derocher and Stirling 1992, 19955, Stirling and
Lunn 1997, Stirling et al. 1999, Lunn and Stirling, unpubl. data). Over the same period, the
average date of spring break-up of the sea ice in the region has advanced by three weeks (Stirling
et al. 1999, 2004), presumably due to increasing spring air temperatures. Warming rates in
Western Hudson Bay between 1971 and 2001 ranged from a minimum 0.5° C per decade at
Churchill, Manitoba, to 0.8° C per decade at Chesterfield Inlet, Nunavut (Gagnon and Gough
2005). Stirling et al. (1999) documented a significant correlation between the timing of sea ice
break-up and the body condition of adult female polar bears (i.e. early break-up was associated
with poor body condition). Stirling et al. (1999) also suggested that the declines in various life
history parameters of polar bears in Western Hudson Bay were the result of nutritional stress
associated with the trend toward earlier break-up, which in turn appears to be due to long-term

warming (Stirling and Parkinson 2006).

An updated analysis of capture-recapture data from the WH population was completed in 2005
(Regehr et al., in prep.). Between 1987 and 2004, the estimated number of polar bears in the WH
population declined from 1,194 to 935, a reduction of about 22%. This decline appears to have
been initiated by progressive declines in the body condition and survival of cubs, subadults, and
bears 20 years of age and older, caused by the earlier break-up of spring sea ice. Once the
population began to decline because of changing environmental conditions, the existing harvest
was no longer sustainable, and the additive effects of climate change and over-harvest most

likely accelerated the decline in abundance between 1987 and 2004. The harvest sex ratio of 2
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males per female has resulted in skewed sex ratio within the population of 65% female and 35%

male polar bears (Regehr et al., unpubl. data).

Concurrent with the recent re-assessment of the size of the WH population, an increased number
of polar bears have been reported in and around human settlements along the coast of Western
Hudson Bay. In some communities, this increase in polar bear sightings has been interpreted as
evidence that the size of the WH population is increasing. Based on this perception, the
government of Nunavut in December 2004 increased its quota for the number of polar bears that
could be harvested from the WH population from 55 to 64 polar bears. In order to sustain this
increased level of harvest, Nunavut estimated that the size of the WH population would have to
be at least 1,400 bears which is the population estimate currently used by Nunavut for
management purposes. An alternate explanation for the apparent increase in polar bears in the
vicinity of human settlements and hunting camps is that, because of declines in body condition
associated with the earlier sea ice break-up, polar bears in Western Hudson Bay have less time to
accumulate the fat reserves that they depend on during the open water season. As polar bears
deplete their fat reserves toward the end of the open water season, they are more likely to seek
alternative food sources around human settlements to sustain themselves until freeze-up (Stirling

and Parkinson 2006).

15. Southern Hudson Bay (SH)

Boundaries of the SH polar bear population are based on movements of marked bears and
telemetry studies (Jonkel et al. 1976, Kolenosky and Prevett 1983, Kolenosky et al. 1992, Taylor
and Lee 1995). Recently completed research using satellite telemetry collared bears was aimed at
refining the boundaries of this population and estimating the population size and rates of birth
and death (Obbard et al., unpubl. data). The current estimate of the size of the population comes
from a 3-year (1984—1986) mark-recapture study, conducted mainly along the Ontario coastline
(Kolenosky et al. 1992). This study and the more recent telemetry data have documented
seasonal fidelity to the Ontario coast during the ice-free season, and some intermixing with the
WH and FB populations during months when the bay is frozen over. In 1988, the results of a
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modelling workshop included an increase in the population estimate from 900 to 1,000 bears
because portions of the eastern and western coastal areas were not included during original
sampling. Additionally, the area away from the coast may have been under-sampled due to
difficulties in detecting polar bears inland in treed habitat (i.e. below the tree line). Thus, some
classes of bears, especially pregnant females, may have been under-sampled. The estimate of
1,000 bears in this status report is considered dated. The final year of a mark-recapture inventory

was completed in fall 2005 and a new population estimate should be available soon.

Based on the estimate of 1,000 bears, the total harvest by Nunavut, Ontario, and Québec appears
to be sustainable. Recent analysis of coastal survey data (Stirling et al. 2004) suggests that polar
bear numbers in SH have remained unchanged in recent years. A pattern of decline in body
condition was documented for the SH population when comparing bears captured in 1984-86
with those captured in 2000-04 (Obbard et al, 2006); however, it is unknown whether changes in
demographic parameters like those described by Stirling et al. (1999) and Derocher et al. (2004)

have occurred.

16. Kane Basin (KB)

Based on the movements of adult females with satellite telemetry collars and recaptures of
tagged animals, the boundaries of the KB polar bear population include the North Water Polynya
(to the south of KB), and Greenland and Ellesmere Island to the west, north, and east (Taylor et
al. 2001b). Polar bears in Kane Basin do not differ genetically from those in Baffin Bay (Paetkau
et al. 1999). Prior to 1997, this population was essentially unharvested in Canadian territory
because of its distance from Grise Fiord, the closest Canadian community, and because
conditions for travel in the region are typically difficult. However, this population has
occasionally been harvested by hunters from Grise Fiord since 1997, and continues to be
harvested on the Greenland side of Kane Basin. In some years, Greenland hunters have also
harvested polar bears in western Kane Basin and Smith Sound (Rosing-Asvid and Born 1990,

1995).
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Few polar bears were encountered by researchers along the Greenland coast from 1994 through
1997, possibly because of previously intense harvest pressure by Greenland hunters. The current
estimate of the KB population is 164 (Taylor, unpubl. data) and the best estimate of the
Greenland kill is 10 bears per year during 1999-2003 (Born 2005b, Born and Sonne 2005).
However, the actual number being taken by Greenland hunters is uncertain (Born 2001, Born and
Sonne 2005) and must be validated. The Canadian quota for this population is 5 and if Canadian
Inuit continue to harvest from this area, over-harvest and population depletion could occur. The
annual combined Canadian and Greenlandic take of 10-15 from the KB population is
unsustainable (Table 1). This population is classified as declining by the PBSG (Aars et al.
2006). Although the habitat appears suitable for polar bears on both the Greenland and Canadian
sides of Kane Basin, the densities of polar bears on the Greenland side were much lower than on
the Canadian side, suggesting that this population may have been larger in past years, and could
be managed for population increase. Co-management discussions between Greenland and
Canada are continuing. Greenland has decided to move to a quota system taking effect on 1
January 2006 (Lenstrup 2005). The total 2006 quota is 30 bears for the municipality of Qaanaaq
(NW Greenland) that harvest polar bears in Kane Basin. However, it has not been specifically

stated how many of the 30 bears can be taken in Kane Basin.

17. Baffin Bay (BB)

Based on the movements of adult females with satellite collars and recaptures of tagged animals,
the area in which the BB population occurs is bounded by the North Water Polynya to the north,
Greenland to the east and Baffin Island to the west (Taylor and Lee 1995, Taylor et al. 2001b). A
relatively distinct southern boundary at Cape Dyer, Baffin Island, is evident from the movements
of tagged bears (Stirling et al. 1980) and recent movement data from polar bears monitored by
satellite telemetry (Taylor et al. 2001b). A study of microsatellite variation did not reveal any
genetic differences between polar bears in Baffin Bay and Kane Basin, although Baffin Bay
bears differed significantly from Davis Strait and Lancaster Sound bears (Paetkau et al. 1999).

An initial population estimate of 300—600 bears was based on mark-recapture data collected in
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spring 1984—1989 in which the capture effort was restricted to shore-fast ice and the floe edge
off northeast Baffin Island (Schweinsburg and Lee, unpubl. data). However, recent work has
shown that an unknown proportion of the population is typically offshore during the spring and,
therefore, unavailable for capture. A second study was carried out annually during the months of
September and October 1993—1997, when all polar bears were ashore in summer retreat areas on
Bylot and Baffin islands (Taylor et al. 2005). Based on those data Taylor et al. (2005) estimated

the number of polar bears at 2,074 bears.

The BB population is shared with Greenland, which until January 1, 2006 did not limit the
number of polar bears harvested. Using mark-recapture, Taylor et al. (2005) estimated the
Greenland annual removal at 18-35 bears for the period of 1993—-1997. However, Born (2002)
had reported that the estimated Greenland average annual catch of polar bears from the BB
population was 73 in1993-1998. More recently, Born and Sonne (2006) indicated the BB
average annual kill from 1999-2003 for Greenland was 115 (range: 68-206 bears per year) with
an increasing trend. In December 2004, based on reports from Inuit hunters that polar bear
numbers in BB had grown substantially, Nunavut increased its BB polar bear quota from 64 to

105 bears.

The BB population appears to be substantially over-harvested and is classified as declining by
the PBSG (Aars et al. 2006, Stirling and Parkinson 2006). The current (2004) estimate of
population size is less than 1,600 bears based on simulations using the pooled Canadian and
Greenland harvest records (Table 1). Co-management discussions between Greenland and
Canada are ongoing. Greenland introduced polar bear quotas taking effect on January 1, 2006. If
the total 2006-quota for those municipalities in NW and W Greenland that catch bears from the
BB populations (i.e. Qaanaaq to Sisimiut) is summed, a total of 97 polar bears can be taken in
Greenland from BB (assuming that 20 of a quota of 30 in Qaanaaq are taken from BB; see Kane

Basin).

18. Davis Strait (DS)
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Based on the movements made by tagged animals and, more recently, of adult females with
satellite telemetry, the DS population includes polar bears in the Labrador Sea, eastern Hudson
Strait, Davis Strait south of Cape Dyer, and along the eastern edge of the Davis Strait-southern
Baffin Bay pack ice. When bears occur in the latter area they are subject to catch from
Greenlanders (Stirling and Kiliaan 1980, Stirling et al. 1980, Taylor and Lee 1995, Taylor et al.
2001b). A genetic study (Paetkau et al. 1999) indicated significant differences between bears
from Davis Strait and both Baffin Bay and Foxe Basin. The initial population estimate of 900
bears for the DS population (Stirling et al. 1980) was based on a subjective correction from the
original mark-recapture estimate of 726 bears, which was felt to be too low because of possible
bias in the sampling. In 1993, the Canadian Polar Bear Technical Committee increased the
estimate to 1,400 bears to account for bias in sampling created by the inability of researchers to
survey the extensive area of offshore pack ice (Stirling and Taylor, unpubl. data). Traditional
ecological knowledge also suggested that the population had increased over the last 20 years.
The principal justification for this adjustment is based on the observation that the annual harvest
has been sustained for the last 20 years and on non-quantitative observations that continue to

suggest the population has increased.

The PBSG has indicated that the DS population was either stable or perhaps declining due to
over-harvest (PBSG 1995, 1998, 2002). However, in December 2004, Nunavut increased its
polar bear quota in DS from 34 to 46 bears based on Inuit reports that the population had
increased since 1996. In order to sustain this increased level of harvest, Nunavut estimated that
the size of the DS population would have to be at least 1,650 bears; this is the population
estimate currently used by Nunavut for management purposes. A mark-recapture study is
currently underway to assess the size of the DS population. Within Canada, this population is
harvested by Inuit from Nunavut, Québec, and Labrador. The combined harvest by Canadian
jurisdictions and Greenland (ca. 1 per year in Greenland during 1999-2003, Born and Sonne
2006) totalled 65 (Table 1). Co-management discussions between Greenland and Canada are
continuing (Lenstrup 2005). Greenland introduced polar bear quotas taking effect on 1 January
2006. If the total 2006 quota for those municipalities in West Greenland (i.e. Maniitsoq and
Nuuk) that catch bears from the DS population is summed, a total of 5 polar bears can be taken
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in Greenland from the DS population. A population inventory began in summer of 2005 to
develop a scientific estimate of population numbers. Survival and recruitment rates used for risk

assessment are based on the rates obtained for the adjacent BB population (Taylor et al. 2005).

19. Arctic Basin (AB)

The AB population is a geographic catch-all to account for bears that may be resident in areas of
the circumpolar Arctic that are not clearly part of other populations. Polar bears occur at very
low densities in this region, and it is known that bears from other populations use the area
(Durner and Amstrup 1995). As climate change continues, it is anticipated that this area may
become more important for polar bears as a refugia but a large part of the area is over the deepest
waters of the Arctic Ocean and biological productivity is thought to be low (Gosselin et al.

1997).

C. PBSG Status Summary

Table 3 summarizes the current status for 18 populations (excluding the Arctic Basin) as: data
deficient (6); reduced (4); severely reduced (2); and not reduced (6). The table summarizes
observed or predicted trends for the populations as follows: data deficient (6); increasing (2);
declining (5); and stable (5). The estimated risk for population declines due to harvest within the
next 10 years was categorized as: no estimate (7); very high (3); higher (2); lower (4); and very
low (2).

For six populations, data and information were insufficient to make assessments or prediction of
status or trend. One of these populations, the Chukchi Sea, is thought to be in decline due in part
to severe overharvest during the past 10-15 years. Accurate biological data to assess status, trend
and risk to population was not available for six of the populations. Of the populations for which

data are available to assess status and trend, only two are noted to be increasing, and both of
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these populations had been severely reduced in the past and are recovering under conservative
harvest limits. The two populations that have long time series of data, Western Hudson Bay and
Southern Beaufort Sea, are both declining. Due to large confidence intervals for the earlier SB

abundance estimate a statistically significant measure of trend is, however, not possible.

Anthropogenic and natural changes in Arctic environments, as well as recognition of the
shortcomings of our knowledge of polar bear ecology, are increasing the uncertainties of polar
bear management. Higher temperatures and erratic weather fluctuations, which are symptoms of
global climate change, are increasing across the range of polar bears. Following the predictions
of climate modellers, such changes have been most prevalent in Arctic regions (Stirling and
Derocher 1993, Stirling and Lunn 1997, Stirling et al. 1999, Derocher et al. 2004), and have
already altered local and global sea-ice conditions (Gloersen and Campbell 1991, Vinnikov et al.
1999, Serreze et al. 2000, Parkinson and Cavalieri 2002, Comiso 2002a, 2003, Holland and Bitz
2003, Gough et al. 2004). Because changes in sea-ice are known to alter polar bear numbers and
productivity (Stirling and Lunn 1997, Stirling et al. 1999, Derocher et al. 2004), effects of global
climate change can only increase future uncertainty and may increase risks to the welfare of

polar bear populations.

Persistent organic pollutants, which reach Arctic regions via air and water currents, and their
potential effects, also increase uncertainty for the welfare of polar bears. Although our
understanding of polar bear population dynamics has greatly improved with increasing
development of analysis methods (Lebreton et al. 1992, Amstrup et al. 2001, McDonald and
Amstrup 2001, Manly et al. 2003, Taylor et al. 2002, Taylor et al. 2005) a need for continued
collection of accurate and timely population data in order to minimize uncertainty brought about

by environmental change.

V.  Discussion of Listing Factors

The Act identifies five factors to be considered in evaluating a species for listing: (1) The
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present or threatened destruction, modification, or curtailment of the species’ habitat or range;
(2) overutilization for commercial, recreational, scientific, or educational purposes; (3) disease or
predation; (4) the inadequacy of existing regulatory mechanisms; and (5) other natural or

manmade factors affecting the species’ continued existence.

In the context of the ESA, the term “threatened species” means any species (or subspecies) or,
for vertebrates, Distinct Population Segment (DPS) that is likely to become an endangered
species within the foreseeable future throughout all or a significant portion of its range. The
term “endangered species” means any species that is in danger of extinction throughout all or a
significant portion of its range. The principal considerations in the determination of whether or
not a species warrants listing as a threatened or an endangered species under the ESA are the
threats that now confront the species, and the probability that the species will persist in “the
foreseeable future.” The ESA does not define the term “foreseeable future.” The IUCN/Polar
Bear Specialist Group, in reassessing the status of polar bears globally in June 2005, applied the
criteria described in the [IUCN/SSC Red List process and three generations as the time span.
Generations, as defined by IUCN, are calculated as the age of sexual maturity (5 years) plus 50%
of the length of the life time reproductive period (20 years). Based on these calculations, the
projected period for 1 generation was calculated at 15 years and the projected period for 3

generations was calculated as 45 years.

For other species evaluated for listing as threatened, such as the Yellowstone cutthroat trout
(Oncorhynchus clarki bouvieri), the status assessment report (May et al. 2003) considered the
“foreseeable future” to be 4 to 10 generations, depending on the productivity of the environment.
For the greater sage grouse (Centrocercus urophasianus) the status review agreed by consensus
that given all of the uncertainties, a reasonable timeframe for “foreseeable future” for the
threatened definition was approximately 30 to 100 years [approximately 10 greater sage-grouse
generations or 2 sagebrush habitat regeneration cycles(70 FR 2244)]. These time frames were
considered reasonable and appropriate for each status review as the time frame is long enough to
take into account multi-generational dynamics of life-history and ecological adaptation, yet short

enough to incorporate social and political change that affects species management.
59



In this status review we have adopted the three generation limit from the [IUCN Red List criteria
for analysis. Given the IUCN criteria, the life-history and population dynamics of polar bears,
documented changes to date in both multi-year and annual sea ice, and the direction of projected

rates of change of sea ice in future decades, we chose 45 years as the “foreseeable future”.

We examined each of the listing factors in the context of present-day distribution of polar bear.
We incorporate by reference published information on each of the listing factors. The evaluation

of the five factors with respect to polar bear populations is presented below.

A.  Present or Threatened Destruction, Modification, or Curtailment of the

Species’ Habitat or Range

1. Arctic Climate Change- Overview

Recently, two comprehensive reports prepared by panels of leading scientists have been
published that describe the current state of climate change globally and the impact on the Arctic
specifically. The first report, the Intergovernmental Panel on Climate Changes, Climate Change
2001: The Scientific Basis (IPCC 2001), is a detailed assessment of current and predicted future
climates around the globe. The Intergovernmental Panel on Climate Change (IPCC) was
established by World Meterological Organization and United Nations Environment Programme
to assess scientific, technical and socio-economic information relevant for the understanding of
climate change, its potential impacts and options for adaptation and mitigation. The other
document, Arctic Climate Impact Assessment (ACIA 2005), addresses the changes that will
likely occur in the Arctic and their consequences. The ACIA report was an international project
of the Arctic Council and the International Arctic Science Committee (IASC), to evaluate and
synthesize knowledge on climate variability, climate change, and increased ultraviolet radiation

and their consequences. This assessment was prepared over a period of five years by an
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international team of over 300 scientists, other experts, and knowledgeable members of the
indigenous communities. Shorter overview of observational evidence of Arctic change, in
addition to changes in sea ice including shrinking glaciers, thawing permafrost, and Arctic
greening, are given by Morison et al. (2000), Sturm et al. (2003) and by Comiso and Parkinson
(2004), and Parkinson (in press).

Observed Changes in Arctic Sea Ice

Sea ice is the defining characteristic of the marine Arctic (ACIA 2005). It is the primary method
through which the Arctic exerts leverage on global climate, by mediating the exchange of
radiation, sensible heat, and momentum between the atmosphere and the ocean (ACIA 2005).

This section describes observed changes in Arctic sea ice over the past several decades.

Sea ice extent and thickness. Sea-ice extent in the Arctic has a strong seasonal cycle. It is

typically at its maximum [14—15 million square kilometers (sq km)] in March and minimum (67
million sq km) in September (Parkinson et al. 1999). There is considerable interannual
variability both in the maximum and minimum extent of sea ice. In addition, there are decadal
and inter-decadal fluctuations in the areal sea-ice extent due to changes in atmospheric pressure
patterns and their associated winds, continental discharge, and influx of Atlantic and Pacific
waters (Gloersen 1995, Mysak and Manak 1989, Kwok 2000, Parkinson 2000b, Polyakov et al.
2003, Rigor et al. 2002, Zakharov 1994).

Observations have shown a decline in late summer Arctic sea ice extent of 7.7 % per decade and
in the perennial sea ice area of 9.8 % per decade (Stroeve et al. 2005, Comiso 2006), a lesser
decline of 2.7 % per decade in yearly averaged sea ice extents (Parkinson and Cavalieri 2002).
The estimated rate of decrease in late summer sea ice coverage has increased as the satellite data
record has lengthened: From 1978 through 2001 the trend was -6.5 % per decade, through 2002
it increased to -7.3 % per decade, and through 2004 it was -7.8 % per decade. Record low

minimum extents in the ice cover during the last four years (2002-2005) caused an acceleration
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of the negative trend in the extent of the perennial ice cover (i.e. summer ice minima) from -

6.5% per decade to -8.5% per decade (Stroeve et al., in press, Comiso 2006).

Observations have likewise shown a thinning of the Arctic sea ice of 32 % from the 1960s and
1970s to the 1990s in some local areas (Rothrock et al. 1999, Yu, Y. et al. 2004), with an overall
thinning of about 2.5-3.75 % per decade (ACIA 2005). Lindsay and Zhang (2005) suggest that
feedback mechanisms caused a tipping point in Arctic sea ice thinning in the late 1980s,
sustaining the continual decline in the sea ice cover. Zhang and Walsh (2006) investigated the
reproduction of the sea ice state in the IPCC models and found generally consistent results and
an amplified seasonal cycle in sea ice area. They found that the model predicts multiyear ice
area shrinks more rapidly than the total sea ice area, which is consistent with observational
studies (Johannessen et al. 1999, Comiso 2002b). As multiyear ice is generally much thicker

than first-year ice, a decline in the multiyear ice amplifies the seasonal melting of the sea ice.

The predominant reasons for amplified decreases in the extent of sea ice are: (a) the sea ice
albedo feedback (i.e. less sea ice cover, which has a high reflectivity, causes more absorption of
solar radiation in the ocean and hence more heat storage in the ocean, and a warmer ocean
further delays formation of new sea ice cover in the fall); (b) the thinning of the sea ice
(including the reduction in perennial ice (Comiso 2002b), which leads to more rapid melting of
sea ice; (¢) an increase in melt season length (Stroeve et al., in press, Comiso 2006) which
enhances the ice albedo feedback, and decrease in ice season length (Parkinson 2000b), which
limits the winter ice extent and the average thickness of ice during the season; and (d) the recent

transport of multiyear ice out of the Arctic Ocean (Lindsay and Zhang 2005, Kwok et al. 2005).

In addition to these direct sea ice processes, oceanic circulation plays an important role. Pierce et
al. (2006) compared ocean temperature observations with results from two climate models that
include anthropogenic forcing and found close agreement. Both model and observation show the
largest increase in ocean temperature in the North Atlantic. Similarly, Polyakov et al. (2005)
analyzed ocean observations of the Atlantic Water (a water mass that enters the Arctic Ocean

and Barents Sea via the Norwegian Sea) and concluded that the Arctic Ocean is in transition
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towards a warmer state, which has implications for the Arctic sea ice cover. The variability in
both the temperature and velocity of the inflow of Atlantic waters in the Barents Sea appears to

drive changes in the Arctic surface air temperature (Goose and Holland 2005).

Melt period. The length of melt period is considered an important factor affecting sea ice cover,
especially ice thickness (Hakkinen and Mellor 1990, Laxon et al. 2003). An accumulating body
of observations points to an earlier melt onset in spring and lengthening of the melt season,
favoring less total ice cover at summer’s end (Stroeve et al. 2005). Comiso (2003) examined
trends from 1981 to 2001 using satellite thermal infrared (AVHRR) data on surface
temperatures, and calculated an increase in the melt season of 10-17 days per decade.
Subsequently, Comiso (2005) evaluated 1981-2003 AVHRR data and determined that the length
of the sea ice melt season is increasing at a rate of approximately 13.1 days per decade. This
result is different from Comiso’s (2003) previous estimates for sea ice in that ocean areas that
become ice-free in spring and summer are included in the analysis. Comiso (2005) states that the
relatively high value is probably an important reason for the current rapid decline of the
perennial ice cover. Note that a longer melt period means a shorter ice growth season which also

means less extent and thickness of the ice cover.

Further support for extended melt periods comes from Belchansky and Douglas (2004) based on
passive microwave satellite retrievals (SSM/I) (Stroeve et al. 2005). Belchansky and Douglas
(2004) found that “consecutive year changes (1994-2001) in January multiyear ice volume were

significantly correlated with duration of the intervening melt season.”

In 2005, NSIDC reported that for 2002-2005, melt began earlier on average in all four years, and
was most widespread in 2002 and 2005 (NSIDC 2005). The 2005 melt season arrived the
earliest, occurring approximately 17 days before the mean melt onset date (NSIDC 2005).

Early onset of melt can have other consequences as well. For example, according to Derocher et
al. (2004), in the Western Hudson Bay, break-up of the annual ice is now occurring
approximately 2.5 weeks earlier than it did 30 years ago (Stirling et al. 1999, Stirling and
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Parkinson 2006. Stirling and Lunn, unpubl. data). An advanced date of ice break-up in recent

years may also be inferred from qualitave evaluation of satellite data for the Arctic.

The longer melt season is linked to a shorter ice season throughout much of the seasonal sea ice
region. Maps of the trend in ice-season length from 1979 through 1996 as determined from
satellite data show the ice season decreasing by as much as 8 days per year in the eastern Barents

Sea and by lesser amounts throughout much of the rest of the Arctic (Parkinson 2000a).

Land-fast ice. Fast ice grows seaward from a coast and remains in place throughout the winter.
Typically, it is stabilized by grounded pressure ridges at its outer edge, and therefore extends to
the draft limit of such ridges, usually about 20 to 30 m. Fast ice is found along the coasts of
Siberia, the White Sea, northern of Greenland, the Canadian Archipelago, Hudson Bay, and

western and northern Alaska.

Polynyas. Polynyas are semi-permanent open water regions ranging in area up to thousands of
square kilometers. Flaw leads occur at the border of fast ice when offshore winds separate the
drift ice from the fast ice. Polynyas and flaw leads are environmentally important for several
reasons (AMAP 1998):

* they are areas of high heat loss to the atmosphere;

* they typically form the locus of sea-ice breakup in spring;

» they are often locations of intense biological activity; and

* they are regions of deep-water formation.

Other Observed Changes in Arctic Climate

Observed recent trends for various snow and ice parameters of the Arctic cryosphere (taken

largely from Table 18.3 of ACIA 2005) are briefly summarized as follows:

Snow cover Snow-cover extent in the Northern Hemisphere has decreased by 5
to 10% since 1972; trends of such magnitude are rare in Global
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Glaciers

Permafrost

River discharge

Breakup and freeze-up

Sea-level rise

Precipitation

Climate Model (GCM) simulations.

Glaciers throughout the Northern Hemisphere have shrunk
dramatically over the past few decades (Dyurgerov and Meier
1997), contributing about 0.15 to 0.30 mm/yr to the average rate of
sea-level rise in the 1990s.

Permafrost temperatures in most of the Arctic and subarctic have
increased by several tenths of a degree to as much as 2 to 3 °C
(depending on location) since the early 1970s. Permafrost thawing
has accompanied the warming.

River discharge has increased over much of the Arctic during the
past few decades and the spring discharge pulse is occurring earlier.

Earlier breakup and later freeze-up of rivers and lakes across much
of the Arctic have lengthened the ice-free season by 1 to 3 weeks.

Global average sea level rose between 10 and 20 cm during the 20th
century (IPCC 2001). This change was amplified or moderated in
particular regions by tectonic motion or isostatic rebound.

Observations suggest that precipitation has increased by
approximately 8 % across the Arctic over the past 100 years,
although measurement uncertainties and the sparseness of data from
certain regions limit confidence in these results . In addition to the
overall increase, changes in the characteristics of precipitation have
also been observed. Much of the precipitation increase appears to
be coming as rain, mostly in winter and to a lesser extent in autumn
and spring. The increasing winter rains, which fall on top of
existing snow, cause faster snowmelt. Rain-on-snow events have
increased significantly across much of the Arctic. For example,
over the past 50 years in western Russia, rain-on-snow events have
increased by 50 %.

Projected Changes in Arctic Climate

Background. To assess future climate change impacts on ecosystems, possible changes in

physical climate parameters must first be projected (ACIA 2005). Physical climate change

projections must, in turn, be calculated from changes in external factors that can affect the

physical climate (ACIA 2005). Physically-based climate models are used to obtain climate
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scenarios — plausible representations of future climate that are consistent with assumptions about
future emissions of greenhouse gases and other pollutants (i.e. emissions scenarios) and with
present understanding of the effects of increased atmospheric concentrations of these
components on the climate (ACIA 2005). In its Third Assessment Report, the IPCC (2001)
produced a Special Report on Emissions Scenarios (SRES) to project a variety of future
emissions scenarios that encompass a range of possible futures based on how societies,
economies, and energy technologies are likely to evolve, and can be used to estimate the likely

range of future emissions that affect the climate (ACIA 2005).

Of the various types of climate models, global coupled atmosphere-ocean general circulation
models (AOGCMs) are widely acknowledged as the principal, and most promising rapidly
developing tools for simulating the response of the global climate system to increasing green
house gas (GHG) concentrations. In its Third Assessment Report, the IPCC (2001) concluded
that state-of-the-art AOGCMs in existence at the turn of the century provided “credible
simulations of climate, at least down to subcontinental scales and over temporal scales from
seasonal to decadal”, and as a class were “suitable tools to provide useful projections of the

future climate” (McAvaney et al. 2001).

Projected temperature and sea level changes. The IPCC report states that the “global average

temperature and sea level are projected to rise under all [IPCC SRES scenarios.” The globally
averaged surface temperature is projected to increase by somewhere between 1.4 and 5.8° C over
the period 1990 to 2100 depending on model parameters and the assumptions made on future
CO, emissions. The projected rate of warming is much larger than the observed changes during
the 20th century and is very likely to be without precedent during at least the last 10,000 years.
Specifically for the Arctic, models suggest that global warming is amplified in high northern
latitudes (Holland and Bitz 2003). A comparison of results from 15 models has shown that the
range of simulated polar warming in the Arctic is from 1.7 to 4.3 times the global mean warming
(Holland and Bitz 2003). Furthermore, the IPCC reports says “There is new and stronger
evidence that most of the warming observed over the last 50 years is attributable to human

activities” and “human influences will continue to change atmospheric composition throughout
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the 21* century”. Hansen et al. (2005) suggest that the warming trend would change

considerably if actions were taken soon enough to keep the atmospheric gases from increasing.

Projected changes in sea ice cover. For the future, all evidence points to the likelihood of

continued Arctic warming and continued decreases in the Arctic sea ice cover in the 21% century
(Comiso 2006), due to increasing global temperatures despite a large degree of uncertainty of the
actual increase. The anthropogenic climate change impact on sea ice cover is implicated in
Vinnikov et al. (1999) and Johannessen et al. (2004) who have shown that the observed decrease
in Arctic sea ice extent cannot be explained by natural climate variations. Although there is a
large degree of uncertainty regarding the actual increase in global temperature, because of the
long residence time of CO, in the atmosphere, even a rapid reduction in CO, emissions would
not stop an increase in global temperature unless the countering cooling effects of aerosols or
other factors are stronger than currently thought. Extrapolation of linear trends into the future
and different model assumptions, results in large uncertainties about the future of the Arctic sea
ice. Gregory et al. (2002) used four IPCC Special Report on Emission Scenarios (SRES) to
model the future of the Arctic sea ice, including extreme scenarios for global temperatures
increases of (a) 1.9K and (b) 4.2K between 1990 and 2090. For scenario (a) the September sea
ice area is projected to decrease from its current value of 4 million sq km in September to less
than 2 million sq km by 2100. For scenario (b), however, the Arctic is projected to be sea ice free
in summer by 2080. Using results from 12 IPCC 4™ Assessment models, the analysis of Zhang
and Walsh (2006) projects a transition towards a seasonal sea ice cover particularly in SRES
scenarios. They also note that natural variability does not appear to have a significant impact on
the trends. With the amplification of global warming in the Arctic region, there is a strong
likelihood of no sea ice cover during summer in the Arctic Ocean by th