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Polar Bear Ursus maritimus 

olar bears (Ursus manrimus) are long-lived, 
late-maturing carnivores that have relatively P low rates of reproduction and natural mortal- 

ity. Their populations are susceptible to disturbance 
from human activities, such as the exploration and 
development of mineral resources or hunting. Polar 
bear populations have been an important renewable 
resource available to coastal communities throughout 
the Arctic for thousands of years. 

BIOLOGY, LIFE HISTORY, 
AND HABITAT REQUIREMENTS 

Distribution and Movements 
Polar bears inhabit most icecovered seas of the Nor- 

thern Hemisphere. They are circumpolar in distribu- 
tion and have been reported as far north as 88'N 
latitude (Stefansson 1921, Papanin 1939). They occur 
as far south in the eastern Bering Sea as St. Matthew 
Island and the Pribilof Islands (Ray 1971), and are 
commonly found within 300 km of the Alaskan coast 
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of the Chukchi and Beaufort seas, from Bering Strait 
to the United States-Canada border (Frame 1969; 
Amstrup, unpubl. data). Polar bears in the Chukchi 
Sea make extensive north-south migrations in relation 
to the position of the southern edge of the pack ice. 

In winter and spring polar bears are commonly 
found in three distinct types of ice: shorefast ice with 
deep snow drifts along pressure ridges, the floe edge, 
and areas of moving ice with 718 or more ice cover 
(Stirling er al. 1981). In the western Canadian Arctic, 
subadult females and adult females with young cubs 
generally prefer shorefast ice, possibly because of the 
absence of large adult males in this type of habitat. 
Other classes of bears seem to prefer the floe edge 
and moving ice; 87% of all bear sightings in spring 
in the western Canadian Arctic were made on the floe 
edge and moving ice (Stirling et al. 1975). Lentfer 
er al. (1980) indicated that the pattern of distribution 
in the western Canadian Arctic may not apply off the 
coast of Alaska, where mature males tend to range far 
offshore in the early spring and move toward the coast 
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as the breeding season progresses. Off the coast of 
Alaska, Lentfer (unpubl. data) and Amstrup (unpubl. 
data) found numerous subadults and females with 
young cubs in drifting ice and along the floe edge 
and suggested that neither of these two components 
of the Alaskan population prefers shorefast ice dur- 
ing the spring. 

When ice forms in the fall, polar bears that have 
spent the summer on drifting ice north of Alaska 
move to the south. By late fall they are distributed 
seaward of the Beaufort and Chukchi seacoasts, and 
normally occur during the winter as far south as 
Bering Strait. In some years the bears range south 
of St. Lawrence Island. Polar bears are more abun- 
dant along the Alaskan coast in years when winds 
bring old ice near shore. As the ice breaks up and 
recedes north in spring and early summer, the bears 
move north. They remain on the drifting pack ice 
through the summer. Little is known of their distri- 
bution on the pack ice in Alaska during the summer 
(Lentfer 1972). 

Lentfer (1974~) hypothesized that Alaska has two 
relatively discrete polar bear populations. He pro- 
posed that a line extending northwest from Point Lay, 
Alaska, separates the western and northern popula- 
tions in Alaska. Ocean currents and movements of 
the ice may be partly responsible for this apparent 
separation (Lentfer 1971~). Bears in the northern 
population remain west of Banks Island, Canada, and 
east of a point near Point Barrow which has yet to 
be defined (Amstrup, unpubl. data). 

Information concerning the concentration of mer- 
cury residue in liver and muscle tissues from bears 
captured in the western and northern areas supports 
the hypothesis that polar bears in Alaska are not a 
single, homogeneous population (Lentfer 1987). In 
addition, the studies by Manning (1971), Lentfer 
(1974a), and Wilson (1976) on skull and body size 
of polar bears in Alaska support this interpreta- 
tion. However, this interpretation was not supported 
by information on the incidence and severity of 
Tkhinella larva infestation in polar bear masseter 
muscle, which do not vary geographically in Alaska 
(Lentfer 1976~). 

There are no physical barriers to prevent polar bears 
from moving across international boundaries. How- 
ever, information from mark-recapture studies indi- 
cates that polar bears tend to be recaptured in the 
general area where they were originally marked. 
Mark-recapture studies indicate that animals move 
between Alaska and the mainland coast of western 
Canada, but not between Alaska and the rest of Can- 
ada, Greenland, and Svalbard (Lentfer 1974U, 1983; 
Stirling et al. 1975, 1981; Amstrup et al. 1986). At 
least three instances of movements between Alaska 
and the U.S.S.R. have been reported (Lentfer 1983). 

At present there is insufficient information to deter- 
mine the significance of such movements. 

Stirling et al. (1977~) reported that the only re- 
covery of a significant number of bears in Alaska that 
had been marked in Canada followed unusual weather 
conditions in the springs of 1974 and 1975, when ice 
conditions were such that the numbers of ringed seals 
and bearded seals in the Beaufort Sea were severely 
reduced. Lentfer (1983) reported that bears marked 
in Alaska were recovered in Canada in 1973 and 1976, 
but not in 1974 and 1975. Population esthates for 
polar bears in the Beaufort Sea were found to be 
significantly lower between March 1974 and March 
1975 than in the previous or subsequent 3 years 
(DeMaster et al. 1980). DeMaster et al. suggested that 
the change in numbers of bears was related to relative 
abundance of ringed seals and bearded seals. These 
data suggest that the distribution and abundance of 
polar bears in the Beaufort Sea are influenced by the 
number and availability of seals. 

Recent radio-tracking studies indicate considerably 
more movement of animals within the Beaufort Sea 
than did previous studies (Amstrup 1986). Polar bears 
radio-tagged off the coast of Alaska between Point 
Barrow and Barter Island were later located as far east 
in the Canadian Beaufort Sea as Cape Bathurst, Nor- 
thwest Territories. Movements of radio-tagged bears 
also occurred in the opposite direction, from the 
Canadian Beaufort to Point Barrow. The explanation 
for the apparent difference in the results of mark- 
recapture studies and radio-tracking studies is most 
likely related to the ability to follow a bear’s move- 
ments between seasons as opposed to obtaining data 
mainly in the spring of each year. 

In summary, the available evidence indicates that 
polar bears off the coast of Alaska are not part of a 
single, well-mixed population. Polar bears between 
the vicinity of Point Barrow and Cape Bathurst seem 
to constitute a single management unit. Polar bears 
found west of Point Barrow constitute at least one 
additional management unit. Some movements, doc- 
umented by tag returns and radio-tracking, have been 
reported between the western Beaufort Sea and the 
Chukchi Sea, and between the U.S.S.R. and Alaska. 
However, such movements appear to be the excep- 
tion rather than the rule. Amstrup (unpubl. data) 
hypothesized that atypical movement of Beaufort 
Sea bears to points west of Point Barrow during the 
winter of 1985-86 was related to ice conditions and 
prevailing currents that carried bears west of their 
former ranges. 

Population Size 
Sound estimates of the abundance of polar bears 

in Alaska or trends in population levels currently do 
not exist. This is related to a number of factors. As 
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stated previously, the degree to which local popula- 
tions are discrete is not fully understood. In addi- 
tion, the probability of sighting a bear is related to 
habitat type, and even under ideal sighting conditions 
many bears are not seen (Stirling et al. 1975). For 
example, it is much easier to detect a bear along the 
floe edge than in heavily ridged pack ice. At present 
there is no way a priori to stratify a survey to account 
for differences in ice type in different areas. Finally, 
the density of polar bears is low enough that logistic 
constraints generally preclude surveying at a level of 
effort that will provide meaningful population esti- 
mates or indices of abundance (see Eberhardt 1978). 

In spite of these difficulties, progress has been made 
in estimating abundance or population trends. Initial 
efforts involved strip surveys with fured-wing aircraft. 
Tovey and Scott (1957) reported that trophy hunters 
in 1956 and 1957 sighted 255 bears while searching 
26,5 15 km2, or an average sighting rate of 1 bear per 
104 km2. Searches were conducted from the villages 
of Point Hope, Wales, Lisburne, and Point Barrow. 
Working from a slightly larger data base for 1956-58, 
Scott et al. (1959) reported that polar bear trophy 
hunters saw 1 bear per 138 km2. These density esti- 
mates were based on an average aircraft speed of 
167 kmhour and a 0.40-km strip width. From 1959 
through 1969, airborne hunters saw 1 bear per 
147 km2 (Amstrup et al. 1986) during flights similar 
in pattern to those reported by Tovey and Scott 
(1957). Amstrup et al. (1986) recognized that many 
bears were probably missed and that coverage was 
not random. 

From a density of 1 bear per 104 km2 and available 
habitat along the Alaskan coastline of 208,000 kmz, 
Tovey and Scott (1957) estimated that there were 
roughly 2,000 polar bears in Alaska. The estimate 
of available habitat was based on the average distance 
from the coastline (121 km) of bear sightings by hunt- 
ing guides in aircraft. Radiotelemetry studies by 
Amstrup (1986) indicate that polar bears occupy a 
strip 280 km wide along the coast of Alaska; using 
this figure and an average density of 1 bear per 104 
km2 results in a total population estimate of 4,600 
animals. Amstrup's estimate of the average width of 
area used by polar bears off the coast of Alaska is 
likely to be low, because it is based primarily on the 
distribution of females in the Beaufort Sea. Lentfer 
(pers. commun.) reported hdmg a signifcant number 
of polar bears in the Chukchi Sea beyond 280 km 
from the coast. 

During 3,096 hours of flying in Alaska between 
1966 and 1984, Amstrup et al. (1 986) recorded 1,147 
polar bear observations. Following the procedure of 
Scott et  al. (1959), the approximate density of bears 
was 1 bear per 150 km? Amstrup et al. (1986) esti- 

mated polar bear densities in the Chukchi Sea to be 
I bear per 75-211 km? 

Amstrup et al. (1986) provided a comprehensive 
rwiew of polar bear sighting and mark-recapture data. 
From multiyear mark-recapture data they estimated 
a mean of 1,776 animals (SE = 274) for the Beaufort 
Sea population of Alaska and Canada between 1972 
and 1983. Estimates ranged from 1,186 to 3,527, 
depending on the survival rate assumed. The esti- 
mated standard e m r  was calculated as the square mot 
of the sum of variances for each population estimate 
divided by the square of the sample size (Amstrup 
et al. 1986: table 1). The estimated density of bears 
in this area was 1 bear per 197 km? DeMaster et 01. 
(1980) estimated a population size of 1,170-1,800 
polar bears in the western Canadian Arctic, in a study 
area of roughly 172,000 kmz, using a multiyear mark- 
recapture technique. These data give a density esti- 
mate of 1 bear per 96-147 km2. Because such estima- 
tion procedures are sensitive to changes in adult 
survival, they may yield less accurate estimates than 
it appears. Gilbert (1985) and Lentfer et al. (1980) 
reported that population estimates based on multiyear 
mark-recapture programs in Alaska were not reliable 
because it was not possible to assume that once 
animals left the study area they would not return (see 
Seber 1973:204). 

Amstrup et al. (1986) reviewed the results of five 
single-season mark-recapture estimates of population 
size. In the first of these, Gilbert (1976,1985) attemp- 
ted to estimate numbers of polar bears in a 111-km 
by 11 I-km area north of Point Barrow. The density 
of bears was estimated over a 5-week period (17 March 
to 28 April). The Schnabel method produced an esti- 
mate of 320 bears or 250 groups (u., an adult female 
with cubs is counted as one group). The Jolly-Seber 
method produced an estimate of 17 to 150 individuals 
or 13 to 45 groups. Using these estimates gives a den- 
sity range of 1 bead38 km2 to 1 bead725 km? Other 
single-season estimates ranged from 1 bead129 km2 
to 1 bear1211 km2 (Amstrup et al. 1986). 

Amstrup et al. (1986) suggested that densities of 
polar bears in the Chukchi Sea are similar to those 
in the Beaufort Sea. At present, the most accepted 
estimate for the total population of polar bears in 
Alaska is 3,000-5,000 animals. The density of bears 
has probably never exceeded 1 bear per 137-240 km? 

The only published estimates of Alaskan polar bear 
population trends are in Lentfer et al. (1980) and 
Amstrup et al. (1986). Lentfer et al. indicated that 
the population of polar bears around Point Barrow 
between 1967 and 1976 was increasing. This deter- 
mination was based on a comparison of survival rates 
from a cohort of animals and from a composite age 
structure. Neither the variance of the survival rates 
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nor the level of significance between the two estimates 
was given. In  addition, the authors reported that the 
results of a population simulation based on the ob- 
served rates of reproduction and survival indicated 
that the population was increasing between 1967 and 
1976. (See sections on Reproduction and Survival for 
a review of these data.) The rate of increase was not 
reported. 

Amstrup et al. (1986) suggested that the numbers 
of polar bears in Alaska in 1956 and 1984 were similar. 
However, they indicated that the population may have 
declined in the late 1950s and early 1960s in response 
to hunting pressure, recovered during the mid- and 
late 1970s, and has been stable since then. Amsuup 
et al. (1986) discussed numerous possible biases and 
shortcomings in existing data. Disproportionate 
sampling of some sex and age groups and radical 
annual variations in small sample sizes required 
lumping of data in ways which could be misleading. 
The fact that populations in Alaska were not stable 
during the sampling period was also a source of possi- 
ble error. Eberhardt (unpubl. data) suggested some 
of these problems could be reduced if only adult 
animals were considered. However, that approach 
would require a greater sampling intensity. 

Ttophic Ecology 
Seals are the primary prey of polar bears through- 

out their range, although other marine mammals, 
birds, and vegetative foods may also be consumed 
(Lono 1970, Freeman 1973, Russell 1975, Stirling 
and Smith 1975, Heyland and Hay 1976, Stirling and 
Archibald 1977). Polar bears in the Alaskan Arctic 
prey primarily on ringed seals (Phoca hzspida) and 
to a lesser extent on bearded seals (Erigraathus bar- 
batus). Eley (unpubl. data) examined the remains of 
71 pinnipeds killed by polar bears in Alaskan waters; 
65 (93%) were ringed seals, 5 (6%) were bearded 
seals, and 1 was a walrus (Odobenus mrmarus). 
Bearded seals constituted 11-19% of the identifiible 
prey in the western Canadian Arctic (Stirling and 
Archibald 1977, Smith 1980). Walruses are not con- 
sidered to be an important component of the polar 
bear diet (Kiliaan and Stirling 1978; Fay 1982; Eley, 
unpubl. data). Instances of polar bears killing beluga 
whales (Delphinapterus leucas) have been reported 
(DegerbZI and Freuchen 1935, Kleinenberg et al. 
1964, Freeman 1973, Heyland and Hay 1976), but 
belugas are not considered an important component 
of the polar bear diet. 

Stirling and Archibald (1977) reported that over 
50% of ringed seals taken by polar bears on fast ice 
in the western Canadian Arctic and the High Arctic 
during periods of high ringed seal productivity were 
young-of-the-year. In years of low ringed seal p d u c -  
tivity in the western Arctic, young-of-the-year ringed 

seals were not taken by polar bears. In addition, con- 
sumption of carcasses differed between the two study 
areas. The difference was thought to be related to the 
relative availability and productivity of ringed seals. 
Similar studies have not been done in Alaska. 

Age-specific differences in hunting success rates 
have been reported by Stirling and Latour (1978) for 
the central Canadian High Arctic. Cubs of any age 
were not observed to be successful at taking seals in 
the spring of the year. During the summer the suc- 
cess rate of 2-year-olds was similar to that of adults. 
Young-of-the-year and yearlings were less successful 
than adults. The authors suggested that the poor 
hunting ability of cubs in the spring is related to 
their inability to break through the layer of snow that 
covers birth lairs and breathing holes at that time. 
They also suggested that cubs abandoned prior to the 
normal weaning age of 2.5 years would likely not 
survive. 

The energetics of polar bear predation on ringed 
seals was discussed by Stirling and McEwan (1975), 
Best (1977), and Hurst et al. (1982). Stirling and 
McEwan estimated that in the Canadian Arctic 80% 
of ringed seals taken by polar bears are less than 2 
years old. Similar studies have not been reported for 
Alaska. A young-of-the-year ringed seal is worth about 
60,000 kcal to a polar bear. Over 70% of these calories 
are in fat deposits. These authors reasoned that, when 
seals are readily available, polar bears may eat only 
the skin and blubber of their prey because, at least 
for subadults and females with cubs, smaller animals 
may be interrupted at kills by larger animals. This 
places a premium on getting as many calories as quick- 
ly as possible from a kill. Best (1977) determined that 
most polar bears could consume up to 20% of their 
own body weight in less than 30 minutes and that, 
on average, a polar bear would need to kill a ringed 
seal every 6.4 days to maintain its body weight. 

Polar bears have few natural enemies; however, 
walruses and wolves (Canis lupus) have been observed 
to kill polar bears. Reports of polar bears being killed 
by walruses are generally related to polar bears being 
injured, and subsequently dying, while making an 
unsuccessful attempt to take a walrus (Kiliaan and 
Stirling 1978). Wolves have been observed to take 
polar bear cubs in the Hudson Bay area (Ramsay and 
Stirling 1984), but this is thought to be uncommon 
in other areas because the ranges of these species 
generally do not overlap. , 

Denning 
Female polar bears enter maternity dens, which 

they excavate in snow, by late November; the young 
are born in late December or early January (Haring- 
ton 1968). In most areas of the Arctic, family groups 
leave the dens in late March or early April. Female 
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polar bears are quite sensitive to outside disturbances 
during this period (Belikov 1976, Lentfer and Hensel 
1980, Amstrup 1986). Movement of bears from dens 
before cubs are able to walk or withstand ambient 
temperatures results in loss of cubs. Similarly, the 
successful rearing of polar bears in captivity requires 
a relatively undisturbed denning environment. 

The density of maternity dens varies geographically 
(see Behavior section in DeMaster and Stirling 1981). 
The largest concentrations of dens are found on 
Vrangel Island in the Soviet Union (Uspenskii and 
Kistchinskii 1972), on some of the islands of the 
Svalbard Archipelago north of the Norwegian main- 
land (Larsen 1985), and near the west coast of Hud- 
son Bay in Canada (Jonkel et al. 1972; Stirling et al. 
19776). Several other areas where bears consistently 
den have also been identified; e.g., west coast of Banks 
Island (Stirling et al. 1975) and on Gateshead Island 
(Schweinsburg et aZ. 1984), both in Canada. In Alaska 
and along the western edge of Banks Island, maternity 
dens are thought to be sparsely distributed along the 
coast (Stirling et al. 1975, Lentfer 1976b, Lentfer and 
Hensel 1980). Lentfer and Hensel (1980) reported 
more dens on land and shorefast ice between the 
Colville River and the Canadian border than else- 
where. They suggested that this may be related to the 
onset of ice formation along the north coast of Alaska, 
which often first occurs near the Canadian border and 
progresses westerly. It is also probably related to the 
greater topographic relief found along this section of 
the coast. Polar bears need deep, compacted snow 
drifts from which they can excavate snow dens, and 
suitable drifts are less common on the flatter terrain 
of the western Arctic coast of Alaska. 

Lentfer (1975) reported the fust confmed instance 
of polar bears denning on drifting sea ice of the Beau- 
fort Sea. A den yias found approximately 165 km from 
the coast in multiyear pack ice. Lentfer and Hensel 
(1980) reported locations on drifting ice north of 
Alaska of 93 litters of young-of-the-year recently out 
of dens. The mean distance from the coast was 77 km 
and the range was 7-278 km. Many had emerged from 
the dens so recently and were so far offshore that their 
dens most likely had been on the drifting ice. How- 
ever, Lentfer (1975) and Lentfer and Hensel(l980) 
suggested several reasons why denning by polar bears 
on the sea ice may not be as successful as denning 
on land. Recent radio-tracking studies indicate that 
denning in multiyear pack ice in the Alaskan Beaufort 
Sea may be the rule and not the exception (Amstrup 
1986). In the winters of 1983 and 1984, 26 radio- 
tagged bears were followed to maternity den sites. 
Only four of these sites were on land. One of the den 
sites was not pinpointed; the remaining 2 1 dens were 
on pack ice. In addition, several other radio-tagged 
bears assumed to be pregnant were last seen moving 

in a northerly and westerly direction in the late sum- 
mer toward the multiyear pack ice. In 1985, 21 of 
23 polar bears were followed to maternity den sites 
on pack ice (Amstrup, unpubl. data). Larsen et al. 
(1980) reported that 90% of all polar bear tracks 
observed in the vicinity of the FRAM I expedition 
(about 83ON latitude) were those of females with small 
cubs. Given the distance from land, it is likely that 
these females had also denned on multiyear pack ice. 

For the 3 years 1983-86,83% of the maternity dens 
found in the Alaskan Beaufort Sea were on pack ice. 
However, it is not clear if this was always the case 
or if human disturbance has altered the distribution 
of denning in Alaska. Stirling et al. (1975) suggested 
that Native hunters along the mainland coast of the 
western Canadian Arctic may have displaced polar 
bears from denning in this area. Leffmgwell (1919) 
documented the removal of many bears from mater- 
nity dens along the north coast of Alaska in the 
early 1900s. 

Reproduction 
Geographical differences in litter size, litter pro- 

duction, and the onset of maturity seem to exist, 
especially between Hudson Bay and all other popula- 
tions (Stirling et aZ. 19773). Therefore, estimates of 
these parameters from populations other than those 
in the Chukchi or Beaufort seas may not be reliable. 

In Alaska the mean litter size of young-of-the-year, 
yearlings, and 2-year-olds between March and April 
was 1.68, 1.66, and 1.51, mpectively (Lentfer 1976b). 
The litter size at birth is not known. Lentfer et al. 
(1980) reported no significant difference in litter size 
with age of the cubs and an average litter size of 1.63 
cubs per litter (N = 115, SE = 0.05); data on 2-year- 
olds were not included. Given the discrete riature of 
the data and the current low level of sampling, it is 
unlikely that differences in litter size with age of less 
than 10% will ever be detected. The authors indicated 
that litter size may increase with the age of the fe- 
male, but the age-specific sample sizes were small. 
Dehlaster and Stirling (1983) suggested that young- 
of-the-year litters are not randomly sampled, because 
these litters are generally, and illogically, reported to 
be smaller than yearling litters. Lentfer et al. (1980) 
reported that females with young-of-the-year may have 
been undersampled because field studies started each 
year before emergence of females and cubs from dens. 
DeMaster and Stirling (1983) speculated that the 
average litter s e  at birth in Alaska is probably 
very close to 2.0. The median and modal litter size 
in Alaska, and for most populations of polar bears 
(excluding Hudson Bay), is 2.0. The average size in 
the fall for young-of-the-year litters in Alaska has 
not been reported, but in Canada is 1.53 (Ramsay 
and Stirling 1982). 

-. .. . . .. . - .. 
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The probability of parturition (defined as the pro- 
portion of mature females that are accompanied by 
young-of-the-year; Furnell and Schweinsburg 1984) 
in Alaska is 0.13 (Lentfer et al. 1980; referred to as 
“fraction which successfully bred”). This rate is 
the lowest reported litter production rate for polar 
bears and is likely an artifact of undersampling adult 
females with young-of-the-year. A similar bias seems 
to exist for the western Canadian Arctic, where the 
parturition rate for females 5 years old and older was 
0.19 (Stirling et al. 1975: table 4). In both areas 
more yearling litters were observed than young-of- 
the-year litters. The parturition rate for polar bears 
5 years old and older in the central Canadian Arctic 
was 0.31 (Furnell and Schweinsburg 1984) and in 
western Hudson Bay was 0.56 (Ramsay and Srirling 
1982). In both of these areas the number of young- 
of-the-year litters was greater than the number of 
yearling litters. 

Adult female polar bears in most areas are “avail- 
able” for breeding in the spring if they are not accom- 
panied by young-of-the-year or yearlings. Therefore, 
the fraction that bred successfully the preceding year 
can be estimated as the number of adult females with 
young-of-the-year divided by the number of adult 
females without yearlings or 2-year-olds. The resulting 
estimate of breeding success for polar bears 8 years 
old and older in Alaska is 0.34 (Lentfer et al. 1980: 
table 5); in the western Canadian Arctic, 0.61 (Stirl- 
ing et al. 1975: table 4); and in the central Canadian 
Arctic, 0.67 (Furnell and Schweinsburg 1984: table 
3). Breeding success of 5-, 6-, and 7-year-olds in 
Alaska was 0.04,0.28, and 0.29, respectively (Lentfer 
et al. 1980); and in the central Canadian Arctic was 
0.27,0.43, and 0.58, respectively. These data are con- 
sistent with the hypothesis that females with young 
cubs were undersampled in the Alaskan study. 

Because females with young-of-the-year are gen- 
erally undersampled, age-specific estimates of the 
parturition rate are usually based on the number 
of x-year-old females with young-of-the-year and 
x + 1-year-old females with yearlings (see Stirling et 
al. 1975 and Lentfer et al. 1980). Because estimates 
made in this manner assume that survival of cubs is 
near unity, which it probably is not, and the age 
distribution is stationary, the estimates are likely to 
be low. Therefore, where possible, the parturition rate 
should be estimated from the proportion of mature 
females with young-of-the-year litters (see Fumell and 
Schweinsburg 1984). Ramsay and Stirling (1988) 
discussed use of data on yearlings in estimating rates 
of reproduction. 

A number of authors have used the reciprocal of 
the average number of years between breeding as an 
independent estimate of the rate of parturition. 
Lentfer (19766) and Lentfer et al. (1980) estimated 

an average reproductive interval of 3.1 years (N = 8) 
and 3.6 years ( N  = 8), respectively, for polar bears 
in Alaska. Ramsay and Stirling (1982) reported an 
average reproductive interval of 3.2 years (N = 11) for 
Hudson Bay. Taylor (pers. commun.) pointed out that 
using the average reproductive interval underestimates 
the average probability of parturition over all age 
classes because primaparous females are “available” 
for breeding at a higher rate than older females. (See 
Goodman [1984:167] for formula for an unbiased 
estimator.) However, because the fraction of females 
that successfully breed is an increasing function of 
age, the significance of the bias toward underestima- 
tion should be minimal. 

Lentfer et al. (1980) reported an average age of first 
reproduction in Alaska of 6.4 years, with a range of 
4-8 years. Stirling et al. (1975) suggested that the 
maximum litter production rate is not reached until 
age 6, but that in the western Canadian Arctic some 
4- and 5-year-olds produce litters. In both of these 
studies, the findings may be overestimates of the true 
age of first reproduction because of the undersam- 
pling of females with young cubs. The onset of litter 
production in the central Canadian Arctic, Hudson 
Bay, the High Arctic, and southeast Baffin Island 
occurs at 5 years of age (Stirling et al. 1980, 1984; 
Ramsay and Stirling 1982; Furnell and Schweinsburg 
1984). (See Ramsay and Stirling [1988] for a com- 
prehensive review of reproductive rates of polar bears 
in Canada.) 

The maximum reported age of reproduction for 
polar bears in Alaska is 18 years. The oldest bear 
captured or killed in Alaska was estimated to be 
29 years old (Schliebe, unpubl. data). The oldest 
reported female with cubs in the western Canadian 
Arctic was 19 years old. Ramsay and Stirling (1988) 
concluded that reproductive senescence occurs at 
20 years of age. 

The mean number of female cubs produced per 
female per year (hereafter referred to as the repro- 
ductive rate), assuming that the adult female survives 
from one census period to the next, has been calcu- 
lated differently by different authors. This has created 
problems in comparing rates of reproduction by area. 
Given the type of information that is available, the 
following estimate is proposed as being the most 
useful estimate of the reproductive rate [m(x)] of 
an x-year-old female in Alaska (Eberhardt, pers. 
commun.): 

m(x) = (0.5) (litter size,)/(reproductive interval,) 

A range of reproductive rates for females age 8 and 
older in Alaska can be calculated from the following: 
mean litter size, 1.63 (Lentfer et al. 1980) and 1.98 
(DeMaster and Stirling 1983); reproductive interval, 
3.1 (Lentfer 19766) and 3.6 (Lentfer et al. 1980). 
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Using these estimates gives a range of 0.23 to 0.32 
cubs per mature female per year. 

Taylor et  al. (1986) have proposed a more detailed 
model for estimating age-specific rates of reproduc- 
tion. The model 

m(x) = ("0 availablex-l) 
(litter production rate,/available) 
(litter size,), 

assumes that females that lose litters of young-of- 
the-year and yearlings will be available to breed the 
following breeding season. However, because of the 
previously mentioned sampling biases in the Alaska 
data base, this model is not recommended at this time. 
Clearly, future data collections in Alaska must be 
designed to overcome current deficiencies in estimates 
of reproductive parameters. 

Survival 
Meaningful estimates of age-specific survival of 

polar bears are not available. This is because (1) 
estimates of survival are confounded by movements 
of polar bears; (2) sample sizes from mark-recapture 
studies are typically too small to provide sound 
estimates; (3) local densities of bears can fluctuate 
greatly from year to year (Amstrup et al. 1986: table 
5) and, therefore, it is not possible to assume a stable 
age distribution or a constant population rate of 
change; and (4) in Alaska, monitoring of the Native 
harvest and collection of specimens from bears taken 
by Natives has not been consistent since 1972 and 
sample sizes have been relatively small. 

Two publications report on survivorship of polar 
bears in Alaska. Estimates of survival by Lentfer 
et a/ .  (1980) and Amstrup et al. (1986) were based 
on composite age-structure analysis @ e . ,  regression 
analysis, Chapman-Robson). Survival estimates by 
Lentfer et al. were also based on a cohort analysis. 

Lentfer et al. reported age- and sex-specific differ- 
ences in rate of survival. Survival estimates for adult 
females ranged between 0.64 and 0.84. Survival esti- 
mates for adult males were similar. Survival estimates 
for males 2-6 years old and females 2-8 years old were 
between 0.69 and 0.99. The Chapman-Robson esti- 
mates were consistently less than the regression and 
cohort estimates. The authors stated that the cohort 
estimates of survival were not biased by changes in 
population size during the study (1967-76). Accord- 
ing to Seber (1973) this is only true if the probability 
of capture is constant. If the population was increasing 
in the 1970s (Amstrup et nl. 1986) and given that the 
number of bears captured in Lentfer et al.'s study 
did not increase significantly over time (Lentfer et 
al. 1980:table l;r=0.34,slope=4.68,P <0.5),the 
probability of capture would have been decreasing 
during the study period. If the number of animals 

captured per year was constant and if the population 
was increasing, an estimate of survival based on a 
cohort analysis is biased by the factor, I/(discrete rate 
of growth). In addition, there is evidence that females 
with young-of-the-year may be undersampled (see 
Reproduction). If females aged 5 to 8 can be expected 
to have more young-of-the-year litters than any older 
age classes, then these ages would be undersampled. 

Amstrup et al. (1986) reported a mean rate of 
survival for bears 1 year old and older of 0.88 
(range = 0.87-0.89), which is close to estimates of the 
survival rate for bears in the western Canadian Arctic 
(DeMaster et al. 1980) and the central Canadian 
Arctic (Furnell and Schweinsburg 1984). The esti- 
mated mortality rate, 0.12, includes both natural 
mortality and hunting-related mortality. It is necessary 
to assume that the population size was constant in 
using a regression analysis or the Chapman-Robson 
method. If, as was stated previously, the population 
was increasing, then the estimates of survival reported 
by Amstrup et al. are negatively biased. 

Survival estimates for yearlings ranged between 0.70 
and 0.75 (DeMaster and Stirling 1983). This estimate 
was based on the change in litter size from litters of 
yearlings to 2-year-olds. The data were from Alaska, 
the western Canadian Arctic, the central Canadian 
Arctic, and Baffin Island. 

The average annual polar bear harvest in Alaska 
has declined since passage of the Marine Mammal 
Protection Act of 1972, although there may have been 
a relative increase in the number of cubs and females 
with cubs that are taken. Between 1925 and 1953 the 
mean reported number of polar bear hides shipped 
from Alaska was 117 (Amstrup et al. 1986). In 
1954, 1955, and 1956 the estimated annual kill was 
100, 128, and 135, respectively, and 128, 250, and 
162 bears were reported killed in 1958, 1959, and 
1960, respectively (Amstrup et al. 1986). 

Between 1961 and 1972 the number of polar bears 
taken annually in Alaska ranged from 148 to 405 
and averaged 260 (Lentfer 1973, Amstrup et al. 
1986). Seventy-five percent of these animals were 
males. During these years cubs and females with cubs 
were protected, hides and skulls had to be presented 
to an Alaska Department of Fish and Game agent 
within 30 days of the date of kill, and bag limits for 
sport hunters were enforced. Residents were allowed 
to take bears for food at any time without a permit 
and without limit provided aircraft were not used 
(Lentfer 19716). 

The Marine Mammal Protection Act of 1972 pro- 
hibited the hunting of polar bears in Alaska except 
by Alaska Natives for subsistence purposes. Under 
the Act the Native take was not restricted by age, sex, 
or number of animals, except that the take must be 
in a nonwasteful manner. From 1973 to 1976 an 
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average of 45 female bears were harvested per year 
(Amstrup et ul. 1986). For the years 1980-85 the 
reported polar bear take ranged from 89 to 292 and 
averaged 135 (Schliebe 1986). The harvest composi- 
tion was 54% males, 30% females, and 16% unknown 
sex. The ratio of males to females was 64:36. The 
average age of the unknown-sex bears was substan- 
tially below that of animals of known sex, possibly 
indicating a hunter tendency to forget the sex of 
younger (dependent) animals. Females with cubs and 
their cubs comprised 16% of the harvest. Annual 
harvests avenged 38 animals (28%) from the Beaufort 
Sea and 97 animals (72%) from the Chukchi and 
Bering seas. The annual average age ranged from 6.2 
to 10.4 for females and from 4.6 to 7.0 for males. 

At present it is not possible to determine what pro- 
portion of the total mortality rate $e., 12%) is caused 
by hunting. Reliable estimates of the population size 
and the percentage of males in the population are not 
available for 1960-72 when reliable information on 
the harvest exists. More recently, although reliable 
estimates of the Beaufort Sea population exist, esti- 
mates of the Native take are not exact. If the number 
of bears in the mainland Beaufort Sea population is 
2,OOO (Amstrup et ul. 1986), and if the current harvest 
in this region is approximately 50 bears per year 
(Schliebe 1986), then harvest currently accounts for 
21% of the total mortality. Losses due to crippling 
are thought to be low but have not been determined, 
and the degree to which hunting mortality and ~ t ~ r a l  
mortality are compensatory is unknown. New infor- 
mation and a more thorough analysis of the existing 
information are required to adequately understand 
the influence of hunting on polar bears in Alaska. 

MANAGEMENT 

Some historical accounts suggest that Yankee 
whalers and subsistence hunters may have extirpated 
local populations of polar bears in Alaska. Prior to 
1900, polar bears occupied St. Matthew Island. 
Unlike most of Alaska’s polar bears, many of these 
individuals spent the summer on land instead of re- 
maining with the sea ice as it retreated to the north. 
Polar bears in Hudson Bay and some parts of the 
Canadian Arctic archipelago still follow this life- 
style. Commercial hunters in search of seal skins and 
whale oil ek ina ted  polar bears from St. Matthew 
Island by the early 1900s (Hanna 1920). In addition, 
overwintering commercial whalers along with local 
residents may have reduced the number of bears that 
once denned in the Canning River region of Alaska 
(Leffmgwell 1919). 

With the exception of the take by commercial 
hunters at St. Matthew Island, polar bears were taken 

primarily for subsistence purposes and for the sale 
of hides by Natives hunting with dog teams through 
the 1940s. Guided hunting by aircraft started in the 
late 1940s and continued until stopped by the State 
of Alaska in 1972. 

In 1961 the State of Alaska made it mandatory that 
hunters present polar bear skins for sealing and ex- 
amination. The average annual take between 1%0 and 
1972 was 260 animals (Lentfer 1973, Amstrup ef aI. 
1986). Between 1961 and 1972 the state regulations 
provided a preference for subsistence hunters and 
protected cubs and females with cubs. During this 
period trophy hunters were allowed to hunt only dur- 
ing late winter and spring. Although some undocu- 
mented take occurred (Lentfer 1971), information on 
the manner of take, area of take, and age and sex 
composition of the known take is available for this 
period (Lentfer 1973). 

In 1972 the Marine Mammal Protection Act vested 
management with the federal government. Under the 
Art, only Natives are allowed to take polar bears. The 
Act removed restrictions on the taking of cubs and 
females with cubs and the mandatory reporting re- 
quirement of the state’s management program. The 
only restriction on Native take is that it must be done 
in a nonwasteful manner. The Act allows the federal 
government to restrict the take by Natives only if the 
polar bear population is determined to be depleted. 

Most Native hunters did not become familiar with 
the change in management regulations for some time 
following the passage of the Marine Mammal Pro- 
tection Act (Lentfer 1985). Therefore, cubs and 
females with cubs were not taken in the early 1970s 
to the extent that they are taken now. Several other 
factors also contribute to variability between years in 
the vulnerability of different age and sex classes of 
bears and the total number of animals harvested by 
subsistence hunters. First, the cessation of the use 
of aircraft for hunting polar bears may have allowed 
the number of animals along the coasts of Alaska to 
increase. Second, in some years ice conditions tend 
to concentrate bears along the coast. Third, an appar- 
ent tendency for females with young cubs to occupy 
nearshore areas during the fall makes them more 
vulnerable to hunting. In addition, polar bears are 
often attracted to carcasses of whales or other marine 
mammals taken by Beaufort Sea subsistence hunters. 
Finally, pregnant females may return to historic den- 
ning sites in the fall. These factors and unexplained 
variations in the availability of bears to hunters cause 
considerable concern about the potential for harm to 
polar bears in Alaska under the existing management 
regime. 

In recognition of the polar bear’s increasing vulner- 
ability to human activities, the five nations within 
whose boundaries polar bears occur negotiated the 
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International Agreement on Conservation of Polar 
Bears. The Agreement, negotiated in 1973 and rati- 
fied in 1976, prohibits the taking of polar bears from 
aircraft or large motor vessels or in areas where they 
have not been taken by traditional means in the 
past. This prohibition creates a de facto sanctuary in 
the central Arctic basin. A resolution appended to 
the Agreement requests governments to prohibit the 
taking of cubs or females with cubs and hunting in 
denning areas during periods when pregnant females 
are moving into them or are denning. Another resolu- 
tion requests governments to establish an international 
system of identifying hides to effectively control the 
trafficking of illegal hides. (See Lentfer [ 197461 and 
Stirling [1986] for more comprehensive reviews.) 
Finally, the Agreement requires each of the signatory 
nations to conduct a research program and to coor- 
dinate management and research for populations that 
overlap jurisdictional boundaries. 

Each of the five signatory nations has implemented 
a management program to protect polar bears and 
their environment. The Soviet Union ended all hunt- 
ing of polar bears in 1955. The only reported taking 
of polar bears in the U.S.S.R. since then has been 
a few cubs taken each year for public display. In 1970 
Norway severely reduced the taking of polar bears 
in the Svalbard area. In 1973 a complete ban on the 
taking of polar bears in Svalbard, except for defense 
of life and property, was established. Denmark has 
eliminated commercial hunting of polar bears in 
Greenland, and only subsistence hunting by Native 
residents is allowed. This hunting is further restricted 
by the requirement that hunters use only traditional 
means (which does not include motorized vehicles). 
In most areas of Canada female bears and their young 
are protected by specific statutes and by season 
closures. The harvest is regulated by a quota system 
administered cooperatively by various jurisdictions 
operating in each village that has access to polar bears. 
Reporting is mandatory. Compliance with quotas, 
seasons, and other biologically founded regulations 
is assured because of economic incentives provided 
by the legal sale of hides and management of a limited 
trophy guiding industry for maximum benefit of the 
local hunters and trappers. The United States chose 
to implement the polar bear agreement with the pro- 
visions of the Marine Mammal Protection Act. The 
Act, which went into effect in 1973, prohibits the 
hunting of polar bears by other than Indians, Aleuts, 
or Eskimos. However, no restrictions on the number, 
sex, or age of animals taken by Natives were imposed. 

The current harvest monitoring program of the 
U. S. Fish and Wildlife Service began in November 
1980 (Schliebe 1986). Twenty villages are included 
in the program, and each is visited monthly. Infor- 
mation on the age, sex, and reproductive condition 

of each animal taken is collected. Between 1973 and 
1980, information on the harvest of polar bears in 
Alaska was not systematically collected. The Service 
has published proposed regulations which authorize 
mandatory reporting requirements. 

Recognizing the absence of protection for female 
polar bears with cubs in Alaska, the Polar Bear 
Specialist Group affdiated with the International 
Union for the Conservation of Nature and Natural 
Resources passed a resolution in August 1985 calling 
for swift action among the users of polar bears in 
Alaska and Canada to establish voluntary restrictions 
that will protect female polar bears and their young. 
The Polar Bear Group further called for voluntary 
measures to be followed as soon as possible by legal 
protection. 

Progress on the first point was made 4 April 1986 
when the Fish and Game Management Committee 
of the North Slope Borough resolved that Alaskan 
hunters should not shoot cubs or females with young. 
This group further resolved to collaborate with the 
Inuit hunters of Canada to ensure that harvests of 
polar bears do not exceed the replacement rate of this 
population. Passage of the resolution was followed 
in September 1986 by an agreement for cooperative 
management between the North Slope Borough Fish 
and Game Management Committee and the Inuvialuit 
Game Council. Among other things, this cooperative 
management agreement calls for: 
1. Establishing harvest limits 
2. Protection of females and cubs 
3. Protection of pregnant females 
4. Protection of denning bears 
5. Management system to regulate the number of 

polar bears harvested to comply with harvest limit 
allocations 

6. Reporting system to collect critical information 
from harvested polar bears 

7. Protection of important polar bear habitat 
This is a positive step with the potential to afford 
the necessary protection of polar bears in the area 
of North Slope Borough jurisdiction; ;.e., from the 
Canada border westward to Cape Seppings between 
Point Hope and Kivalina. Similar stipulations should 
apply where polar bears occur outside of the North 
Slope Borough. 

CONSERVATION ISSUES 
AND DATA GAPS 

The consemtion of polar bears in Alaska depends 
primarily upon two things. First, to insure adequate 
space for critical life functions of feeding and repro- 
duction, habitats of special significance to bears must 
be identified and protected. Second, to maintain 
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viable polar bear populations, human activities that 
directly or indirectly alter the numbers of polar bears 
occupying available habitat must be controlled. To 
determine the effectiveness of programs designed to 
protect critical habitats and to control human ac- 
tivities, monitoring programs must be developed and 
implemented. 

Habitat Preservation 
The mobility of polar bears combined with the fact 

that much of their habitat consists of sea ice results 
in unusual problems in identifying important habitat. 
The most obvious and identifiable habitats important 
to polar bears are maternity denning areas because 
reproductive effort there can most easily be altered. 
Areas where open water or active ice persists through 
the winter and early spring are important habitats 
for feeding. 

The potential to adversely impact denning bears 
due to disturbance in or around dens has been dem- 
onstrated (Stirling et al. 1975, Belikov 1976, Lentfer 
and Hensel 1980). The actual degree to which den- 
ning polar bears in Alaska are disturbed is not known 
at this time. This is partly related to the unknown 
significance of pack ice denning. Lentfer and Hensel 
(1980) reported locations of 35 dens, 5 on drifting 
ice and 30 on land or shorefast ice. They also reported 
a significant number of newborn cubs so far from land 
that they likely emerged from dens on drifting ice. 
More recently, only 17% ( N  = 76) of dens located in 
Alaska by radiotelemetry were on land. Concern has 
been raised over the potential for displacing females 
from historically important denning areas by either 
hunting or industrial activity (Stirling et al. 1984). 
It is therefore critical to determine the significance 
of offshore denning and how successful such denning 
is relative to onshore denning. 

Less is known about habitat preference for polar 
bear feeding than is known about denning, but it 
seems clear that individual bears show a great deal 
of site fidelity at certain times of the year. The im- 
portance of polynyas, areas where ice consistently 
breaks up and makes open water and newly refrozen 
areas available for much of the winter, is well estab- 
lished (Stirling and Cleator 1981). In general, areas 
that contain polynyas may be the most important 
marine habitats in the Arctic (Stirling and Cleator 
1981). Recent studies have shown that polar bears 
spend the majority of their time in a band extending 
from the shore leads that parallel the coast of Alaska 
out to approximately 200 km offshore. The ice in this 
zone is generally more active and has more open water 
and refreezing areas than either shorefast ice or heavy 
pack ice to the north. The effect of human activities, 
such as seismic exploration or shipping, in these areas 
on either polar bears or their prey is unknown. In 

addition, concern has been expressed that contamina- 
tion of ice, water, food species, and bears themselves 
by oil or other toxic chemicals may increase as human 
activities increase in the Arctic over the next few dec- 
ades. (See Stirling and Calvert [I9831 for a compre- 
hensive review.) Acute exposure to such compounds 
can be fatal (0ritsland et ai. 1981). However, the long- 
term effects of lower levels of such contamination are 
not known (Stirling and Calvert 1983). 

Nonconformance to Polar Bear Agreement 
Under the current management regime an unlim- 

ited number of polar bears, of any age and either sex, 
may be taken by Native hunters. As stated earlier, 
Native hunters of the North Slope Borough may vol- 
untarily restrict the taking of cubs or females with 
cubs. It is not clear if hunters from the west coast 
of Alaska (i .e.,  outside of the North Slope Borough) 
will voluntarily protect cubs and females with cubs. 
Currently there are no seasonal or area closures to 
protect pregnant females as recommended by the 
Agreement on Conservation of Polar Bears. The status 
of implementing mandatory reporting requirements 
is unclear. Therefore, though moving in the right di- 
rection, the U.S. management program for polar bears 
is not in compliance with the Polar Bear Agreement. 

Canada has developed a quota system by village. 
The taking of cubs and females with cubs is banned, 
and seasonal closures protect pregnant females. The 
maximum allowable take has been estimated to equal 
5% of the local population per year. Taylor et ai. 
(1986) determined that a population of 4,000 animals 
(roughly the size of the polar bear population in 
Alaska) can sustain a harvest of no more than 80 adult 
females per year. Amstrup (1986) estimated that for 
the Beaufort Sea population as few as 56 adult females 
may be recruited into the population each year. 

The average polar bear harvest in Alaska has de- 
clined since passage of the Marine Mammal Protec- 
tion Act. However, available evidence indicates, at 
least for the Beaufort Sea population, that the annual 
loss of females is currently about the maximum 
allowable. The recently passed resolution of the Nonh 
Slope Borough recommending against the taking of 
cubs or females with cubs may reduce their vulner- 
ability. However, a mandatory harvest monitoring 
program for all villages is needed to verify the number, 
sex, age, and location of bears taken. In addition, 
efforts to convey biological concepts to user groups 
must be expanded. 

Population Discreteness 
Recent evidence indicates that polar bears north 

of Alaska and in the western Canadian Arctic consti- 
tute a single management unit. The degree of separa- 
tion between bears in Alaska and the U.S.S.R. is not 
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known at this time. Given the current level of take 
by Natives in Alaska and Canada, it is essential that 
management of polar bears in the Beaufort Sea be 
coordinated between the two countries. Moreover, 
because there may be limited movement of animals 
between the Beaufort and Chukchi seas, the signif- 
icance of such movements must be determined. It 
is likely that such movements are associated with 
unusual weather conditions and, therefore, research 
programs will have to be designed to accommodate 
the variability in annual ice conditions. 

Interactions with People 

Polar bears sometimes pose a threat to or attack 
people living and working in the Arctic (Schweins- 
burg 1976, Guravich 1980), and this often results in 
bears being killed. Stenhouse (1983) and Bromley 
(1985) summarized ways to minimize bear-human 
interactions. Camps should not be located in areas 
of active ice, near shore leads, or on points of land 
where ocean currents might deposit carcasses of 
marine mammals. Food and garbage in camps and 
villages should be handled so as not to attract bears. 
Workers new to the Arctic should be indoctrinated 
on bear behavior and procedures to use if confronted 
by a bear. A bear that comes into a camp or settle- 
ment should not be allowed to become habituated 
and lose fear of humans, but should be thoroughly 
frightened and, if possible, driven several kilometers 
away with a snow machine or helicopter. Close en- 
counters can be prevented by use of trip-wire alarm 
systems and tied dogs which bark at the sight or scent 
of bears. Efforts should continue to develop reliable, 
nonlethal methods to deter bears. 

Monitoring Programs 
The effectiveness of a management program in con- 

trolling the adverse effects of human activities on 
polar bears in Alaska can only be evaluated relative 
to specific management goals, e.g., to maintain the 
population at or above the level of maximum net 
productivity. The population is currently thought to 
be within this range. However, techniques sensitive 
enough to detect other than very large changes in the 
size of the Alaskan population have not been devel- 
oped. Traditional survey approaches have proven 
unreliable and expensive because of the low density 
of bears on the sea ice. Mark-recapture programs are 
expensive and slow to provide information on changes 
in population size. Catch per unit effort indices of 
abundance have lacked suitable precision to be 
reliable. The U.S. Fish and Wildlife Service is 
currently trying to develop a survey technique that 
takes advantage of weather conditions that tend to 
concentrate animals in a relatively narrow band off- 

shore. Such a survey may take place only once every 
few years, but may provide an adequate basis for 
evaluating the effectiveness of various management 
activities. Before any type of population monitoring 
program is adopted it should be evaluated in terms 
of what level of change could be detected, given a 
particular level of effort (Holt et al. 1986). 

MANAGEMENT 
RECOMMENDATIONS 

1) Manage in conformity with Polar Bear Agree- 
ment. - Simulation models suggest polar bear popula- 
tions are extremely sensitive to harvesting of adult 
females. In addition, pregnant or post-parturient 
polar bears often occur closer to human settlements 
than other components of the population. Cubs and 
females with cubs, therefore, need greater protection 
than other age and sex classes. The current North 
Slope Borough resolution recommending against the 
taking of cubs or females with cubs is a positive step. 
The recommendation should be extended to villages 
outside the jurisdiction of the North Slope Borough. 
In addition, fall hunting should be restricted to pro- 
tect pregnant females returning to traditional denning 
areas. Females and cubs in dens should be protected. 
Efforts to minimize disturbance from hunting and 
industrial activities in areas critical for denning and 
feeding should be continued and, where necessary, 
increased. 

2) Monitor Changes in popurclrion Size. - Indus- 
trial activities and hunting may adversely affect polar 
bears in Alaska. Therefore, it is necessary to monitor 
changes in population size over time. Present survey 
techniques cannot provide a valid index of abundance. 
Ongoing research efforts must lead to the develop- 
ment of new survey methodologies. Once developed, 
surveys should be conducted on a regular basis. 

3) Make Harvest Reporting Mandato y .  -Be- 
cause polar bear populations are sensitive to the 
removal of adult females, sex and age composition 
and size of the harvest must be known in order to 
determine whether a particular level of harvest will 
adversely affect a population of polar bears. This is 
best done by a mandatory reporting program whereby 
hunters are required to present hides for sex deter- 
mination and skulls for measurements and collection 
of a tooth. The responsible management agency 
should be required to analyze and report results of 
the previous year’s harvest monitoring program 
within the first 6 months of the following year. 

4) Reduce Bear-Human Intemctions. -The 
nature, magnitude, and trend of bear-human interac- 
tions over the past 20 years should be determined. 
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Education programs should be implemented in prob- 
lem areas. When bears are killed as nuisance animals, 
the agency responsible for management should review 
the circumstances. The effectiveness of available 
detection and deterrent systems for Alaska must be 
evaluated. Efforts to develop more reliable deterrents 
should continue. These activities should be coordi- 
naled with those of the Northwst Territories, Canada. 

5) h t e c t  Polar Bear Habitat and Popula- 
tions. -Several agencies of the state and federal gov- 
ernments have resource management responsibilities 
that can affect polar bear habitat and populations. 
Land and ocean activities should be regulated and 
other management activities coordinated and con- 
ducted so that polar bear habitat and populations are 
not adversely affected. 

RESEARCH 
RECOMMENDATIONS 

In order to be most effective, future polar bear 
research mQst proceed in the following order. First, 
the populations in question must be defined. One 
cannot discuss population size, trend, or other pop- 
ulation parameters until one knows what the popula- 
tion is. Then, the important parameters such as 
survival, recruitment, and age composition must be 
determined. Distribution patterns and feeding and 
other behaviors must also be understood because they 
may introduce bias into estimates of life history 
parameters. Finally, survey and index techniques that 
take these considerations into account can be devel- 
oped. Specific research recommendations and sugges- 
tions are as follows. 

I )  Define the Populations In and Adjacent to 
Alaska. -Information on the degree to which polar 
bears in the eastern and western Beaufort Sea and 
the Chukchi and Beaufort seas mix indicates that 
animals in the former, but not the latter, constitute 
a single management unit. Therefore, management 
agencies in the United States and Canada must coor- 
dinate their individual management strategies to con- 
serve polar bears in this area. At present, however, 
there is insufficient information to determine the 
degree to which animals in the Beaufort and Chukchi 
seas constitute discrete stocks. Therefore, telemetry 
studies should be expanded to include instrumenting 
and tracking an adequate sample of animals in the 
Chukchi and Bering seas and at the interface of 
the Beaufort and Chukchi seas. 

In addition to telemetry studies, the feasibility of 
using levels of contamination of various pollutants 
to define stock discreteness should be tested. Initial 
studies by Lentfer (1976a, 1987) were informative, 

but recent refinements in this approach need to be 
incorporated into a research project. Specimen 
material can be easily obtained as part of the harvest 
monitoring program. Therefore, the only significant 
cost of such a project would be for the chemical 
analysis. 

Analyses of nuclear and mitochondrial DNA can 
also be used to define population discreteness. The 
U.S. Fish and Wildlife Service is currently testing 
the value of such analyses, as well as investigating the 
potential for using different types of algae that are 
found in the hair of polar bears to augment other 
studies on stock discreteness of Alaskan polar bears. 

2) Describe Relationships between Polar Bears, 
Seals, and Sea Ice. -Distribution of polar bears is 
tied closely to the condition and distribution of sea 
ice. However, effects of ice drift patterns, topography, 
and lead development on polar bear movements and 
distribution are not clearly understood. In order 
to understand the movements and distribution of 
polar bears well enough that meaningful surveys of 
population trend and size can be conducted, the 
relationships between polar bears and movements 
and condition, of ice must be better understood. 
Therefore, information on ice formation, movement, 
and distribution should be obtained, along with in- 
formation on polar bear movements and activities. 
Correlations between polar bears and sea ice should 
then be developed. 

Also not understood are predator-prey relationships 
between polar bears and their principal food species- 
ringed seals and bearded seals. Distribution and 
abundance of ringed seals in different ice types are 
not well known, nor is the manner in which polar 
bears hunt seals in the various kinds of ice. Some 
information obtained under laboratory conditions on 
dietary requirements of polar bears, when combined 
with ringed seal population estimates, suggests that 
estimated numbers of polar bears could require more 
seals than are available. There is clearly a need to 
describe relationships between polar bears, seals, 
and sea ice as a basis for understanding polar bear 
ecology and designing meaningful population and 
trend surveys. 

3) Refine Population Parameters. -Detecting 
significant wends in polar bear abundance, reproduc- 
tion, and survival, if possible, will likely require a 
time series of at least 8 or 10 years (Germdette 1987). 
Therefore, to avoid unnecessary population declines, 
population monitoring will have to be augmented by 
projecting population trends from current estimates 
of various life history parameters and harvest data, 
including total kill and age and sex composition. At 
a minimum, information on the average reproductive 
interval, the recruitment rate to age 6, and the adult 
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survival rate are needed. With improved information 
on these life history parameters, existing models can 
be used to predict how the population will change 
over the next few years and how a particular change 
in management strategy might affect this projection. 
At this point, polar bear management lacks adequate 
information, not an adequate model to analyze the 
data. Concurrent with this analysis should be a sen- 
sitivity analysis of the modeling results. 

At present, satellite telemetry offers the most 
promising approach to understanding the population 
dynamics of polar bears in Alaska. Ideally, recently 
emerged adult females with young-of-the-year or 
females with 2-year-olds could be radio-tagged and 
followed over time until the reproductive cycle has 
been completed. Such an approach will provide data 
on the reproductive interval, cub survival, and adult 
survival, as well as information on important habitats 
and movement patterns. A preliminary analysis will 
be necessary to determine what sampling level pro- 
vides adequate precision. The U.S. Fish and Wildlife 
Service is currently conducting and plans to continue 
research to refine population parameters. 

Eberhardt’s (pers. commun.) recent analysis of the 
available information on the population dynamics of 
Alaskan polar bears indicates that females in Alaska 
have lower rates of parturition, an older age of first 
reproduction, and a smaller average litter size than 
do populations of polar bears in Canada. The reasons 
for these differences are not obvious. For example, 
Lentfer et al. (1980) suggested that young cubs were 
undersampled in the fmt few years of their study. 
It is possible that this bias could be removed by a 
number of stratification strategies. In addition, 
DeMaster (pers. commun.) performed a preliminary 
analysis of the Alaskan polar bear data base in 1980 
and found over 20 cases where the length of the 
reproductive interval could be estimated from infor- 
mation on the presence or absence of cubs. Eberhadt 
reported that the adult rate of survival required to 
produce a stationary population level is at least 0.975, 
given various rates of recruitment. An adult survival 
rate of 0.975 or greater may be unrealistic; yet 
Amstrup et al. (1986) suggested that polar bear 
populations in the 1970s were probably increasing 
in Alaska and are currently likely to be stable. 
Therefore, a comprehensive analysis of the existing 
information should be undertaken to determine the 
likelihood of sampling biases in the data, geographic 
differences in various life history parameters, or long- 
term trends in the population. 

4) Determine Significance of Denning on Pack 
Ice. -Radio-tracking is providing insight into the 
potential significance of denning on pack ice. How- 
ever, the suitability of pack-ice denning relative to 
mainland denning has not been determined. Teleme- 

try studies should continue over the next few years 
to determine areas critical to successful denning. 

Telemetry studies should be expanded to determine 
the degree to which human activities such as shipping 
may disrupt animals denning in the pack ice. If it 
is found that denning on pack ice is significantly less 
successful than denning on land, research should im- 
mediately be directed toward determining the factors 
that may be responsible for the abandonment of what 
may have been traditional denning habitat on land. 
5) Develop Index of Population Abundance. - 

After population boundaries have been defined, 
methods for assessing vends in the population should 
be developed. The U.S. Fish and Wildlife Service 
started research in fiscal year 1986 to develop an in- 
dex of population abundance. A number of possible 
methods have been tested, but so far none have prov- 
en both practical and reliable. It is probable that 
knowledge gained from telemetry and tagging studies 
could be used to develop more efficient survey tech- 
niques. In fiscal year 1987 the Service began testing 
the feasibility of line and strip transect surveys from 
fxed-wing aircraft when bears are concentrated along 
a relatively narrow band of active ice because of 
weather conditions. If one of these survey methods 
appears promising, the level of population change that 
can be detected relative to a given level of effort should 
be determined. A panel of experts should be convened 
to review proposed methodology. 
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