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ABSTRACT. The polar bear (Ursus maritimus) is considered an indicator species of ecosystem health because of its longevity,
life-history requirements, reliance on sea ice (i.e., sea ice obligate), and position in the Arctic food web. Polar bear distribution
and habitat association should both be reliable signals for environmental perturbation, as the bears respond behaviorally to
changes in sea ice extent, the timing and duration of ice formation, and ablation. Polar bears and sea ice conditions were
monitored as part of the annual fall bowhead whale (Balaena mysticetus) aerial survey in the Alaskan Beaufort Sea between
1979 and 2005. Habitats associated with polar bear sightings changed during the study, with fewer bears associated with
ice (irrespective of ice type and percent) and more bears associated with land and open water. Large-scale differences were
documented for both ice type and percent ice cover, particularly in September. In general, the pattern in September (and to a
lesser extent in October) included a reduction in old ice and a concomitant increase in open water. In addition, there was an
eastward and landward shift in polar bear sightings. From 1979 to 1987, polar bears were observed primarily on ice along the
shelf break near Barrow, whereas from 1997 to 2005, polar bears were observed on barrier islands or along the mainland coast
near Kaktovik. The changes in polar bear distribution and habitat association appear to reflect a behavioral response by polar
bears to changes in ice (type and percent cover) and in the timing of ice formation and ablation.
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RESUME. Lours polaire (Ursus maritimus) est considéré comme une espéce indicatrice de la santé de 1’écosystéme en
raison de sa longévité, des besoins de son cycle biologique, de sa dépendance de la glace de mer (c’est-a-dire la glace de
mer obligatoire) et de la position qu’il occupe dans le réseau alimentaire de I’Arctique. La répartition de I'ours polaire et son
association a un habitat devraient tous deux constituer des signaux fiables en matiére de perturbation de I’environnement car
le comportement des ours varie en fonction des changements caractérisant I’étendue de glace de mer, la synchronisation et la
durée de la formation de la glace, de méme que I’ablation. Les ours polaires et les conditions de la glace de mer ont fait ’objet
d’une surveillance dans le cadre du levé aérien annuel de la baleine boréale (Balaena mysticetus) effectué a I'automne dans
la mer de Beaufort alaskienne entre 1979 et 2005. Au cours de 1’étude, les habitats liés aux observations d’ours polaires ont
évolué, un moins grand nombre d’ours étant associés a la glace (sans égard au type et au pourcentage de glace) et un plus grand
nombre d’ours étant associ€s a la terre et a I’eau libre. Les différences a grande échelle ont été répertoriées tant pour le type de
glace que pour le pourcentage de couche de glace, particulierement en septembre. En général, la tendance en septembre (et en
octobre, dans une moindre mesure) comprenait une réduction de I’ancienne glace de méme qu’une augmentation concomitante
dans I’eau libre. De plus, on a enregistré un décalage vers I’est et vers I'intérieur des terres en ce qui a trait aux observations
d’ours polaires. De 1979 a 1987, les ours polaires ont surtout été¢ observés sur la glace le long du rebord continental pres de
Barrow, tandis que de 1997 a 2005, les ours polaires ont été observés sur les 1les-barriéres ou le long de la cote continentale
pres de Kaktovik. Les changements caractérisant la répartition des ours polaires et I’association a un habitat semblent refléter
une réaction comportementale des ours polaires vis-a-vis des changements relatifs a la glace (le type et le pourcentage de la
couche) ainsi que de la synchronisation de la formation et de ’ablation de la glace.

Mot clés : levé aérien, Alaska, Arctique, changement climatique, répartition, association a un habitat, ours polaire, glace de
mer
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INTRODUCTION

A number of predictions have been advanced regarding
potential effects of climate change on Arctic-adapted biota
(ACIA, 2004; Derocher et al., 2004; Laidre et al., 2008). The
general patterns proposed suggest range contractions for
a number of species whose life histories are closely linked
with sea ice; at the same time, as sea ice retreats and temper-
atures increase, range expansions are expected to occur for
a number of sub-Arctic species (Tynan and DeMaster, 1997,
Simmonds and Isaac, 2007; Laidre et al., 2008; Moore and
Huntington, 2008). Changes that affect the base of the Arc-
tic food web, such as variability in the distribution, abun-
dance, and seasonality of under-ice algae, and their resulting
bottom-up effects, will be the most dramatic (Hunt et al.,
2002; Fraser and Hofmann, 2003; Grebmeier et al., 2006).
Using models that linked satellite-derived sea ice data with
chlorophyll and a primary productivity algorithm, Arrigo et
al. (2008) estimated that primary production in the Arctic
increased annually by 27.5 Tg of chlorophyll per year, with
30% of the increase attributed to decreased minimum sum-
mer sea ice extent and 70% to a longer phytoplankton grow-
ing season. Any additional loss of ice during Arctic spring
could more than triple the 1998—2002 levels of primary pro-
ductivity, potentially altering marine ecosystem structure
(Arrigo et al., 2008). Ringed seals (Phoca hispida), bearded
seals (Erignathus barbatus), and also polar bears (Ursus mar-
itimus) are considered ecosystem sentinels because of their
reliance on sea ice and position in the Arctic food web. Polar
bears in particular are often cited as the quintessential species
for Arctic impacts due to climate change (Norris et al., 2002;
Stirling and Derocher, 2007; Moore, 2008; Wiig et al., 2008).
In addition to their position in the food web, polar bears are
also considered an indicator species in the Arctic because
they are sea ice obligates. They are dependent on sea ice as a
platform from which to locate and access their primary prey,
the ringed seal, and also as a substrate for travelling to find
mates and suitable den sites (Ramsay and Stirling, 1988; Gar-
ner et al., 1990; Stirling and Derocher, 1993; Stirling, 2002).
Global circulation models (GCM) generally predict ear-
lier onset of melt, delayed onset of freeze-up, and subsequent
thinning of Arctic ice cover as consequences of increasing
temperatures (Comiso, 2005; Holland et al., 2006; Serreze
et al., 2007). Comiso (2002) showed that from 1978 to 2000,
the extent of multi-year ice cover (includes open water
within perennial ice) declined by 6.5% per decade, and its
area (ice alone) by 8.9% per decade. In 2007, perennial ice
cover reached the lowest extent recorded during the satellite
era, and in 2008 both extent and area measures were among
the lowest recorded (Maslanik et al., 2007; Stroeve et al.,
2007, 2008). One implication of this retreat in multi-year
ice is that the proportion of multi-year ice floes decreases,
whereas the proportion of seasonal ice floes increases, with
an overall reduction in average thickness and ice cover that
makes ice more susceptible to summer melt (Laxon et al.,
2003; Comiso, 2005). The most rapid retreat in multi-year
ice has occurred in the Beaufort Sea region, where the

summer melt period has increased at a rate of 13.1 days per
decade (Comiso, 2002, 2003, 2005).

Adverse impacts on polar bears due to advanced break-up
of sea ice in the spring or later onset of sea ice in the fall
have been documented for several polar bear populations
(Obbard et al., 2006; Stirling and Parkinson, 2006; Regehr
et al., 20006, 2007a, b; Rode et al., 2007). For example, Stir-
ling et al. (1999) determined that polar bears in western
Hudson Bay came ashore earlier and in poorer condition in
1998 than in 1981; they also documented declines in natal-
ity during this period. Recent studies of the Southern Beau-
fort Sea polar bear population have documented similar
links between the length of time when ice is present over
the continental shelf and bear survival, size, and body con-
dition (Regehr et al., 2007a; Rode et al., 2007). Cherry et al.
(2008), comparing blood serum as a physiological biomar-
ker for fasting in polar bears in the eastern Beaufort Sea,
documented a dramatic increase in the proportion of fast-
ing bears (from 9.6% in 1985 and 10.5% in 1986 to 21.4%
in 2005 and 29.3% in 2006). The increased number of
fasting bears of all age, sex, and reproductive classes cor-
responded with large-scale changes in Arctic sea ice con-
ditions (Cherry et al., 2008). These studies suggest that a
primary mechanism by which sea ice changes affect polar
bear populations is via reduced opportunities to forage on
preferred prey associated with spatio-temporal reductions
in sea ice cover (see also Stirling and Derocher, 1993; Stir-
ling and Qritsland, 1995; Derocher et al., 2004). However,
another potentially important effect of reduced sea ice is
direct mortality of polar bears associated with long-distance
swimming in open water (Monnett and Gleason, 2006).

Identifying the responses of polar bears to changing ice
conditions requires long-term data sets, which are rare for
the 19 populations. On the basis of more recent reports on
sea ice conditions (Durner et al., 2004; Fischbach et al.,
2007) and polar bear sightings during surveys in Septem-
ber and October (this study, see also Schliebe et al., 2008),
we hypothesized that sea ice conditions have changed, and
that polar bear distribution and habitat association should
reflect those changes. The present study examined opportun-
istic polar bear sightings from long-term (1979-2005) fall
(Sept—Oct) bowhead whale (Balaena mysticetus) surveys in
the Alaskan Beaufort Sea. The objectives were to (1) assess
inter- and intra-annual variation in ice types and percent
ice cover in the Alaskan Beaufort Sea, (2) describe tempo-
ral variation in habitats associated with polar bear sightings,
including ice types and percent ice cover, and (3) assess
inter- and intra-annual variation in polar bear distribution
and relate observed patterns to changes in sea ice conditions.

METHODS
Study Area and Survey Protocol

Surveys included a set of randomly chosen transects
within established geographic blocks in the Beaufort Sea
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FIG. 1. Study area including aerial survey blocks (dashed lines) and important landmarks along the Alaskan Beaufort Sea coast. The two squares outlined in
black represent 50 x 50 km ice survey blocks used to determine ice conditions estimated during fall aerial surveys, 1979—-2005.

off the north Alaskan coast (Fig. 1). The eastern boundary
of the study area is a line that intersects the coast west of
Herschel Island, Yukon, Canada (140° W) and extends north
to roughly 72° N. The western boundary line intersects the
coast just west of Barrow, Alaska (156° W), also extending
north to about 72° N.

The sea ice environment is a dynamic system composed
of a variety of ice types that form masses varying in thick-
ness, composition, and structure. In general, the greatest
areal extent of ice in the Beaufort Sea occurs from Novem-
ber through May, and the greatest areal extent of open water
and maximum retreat of pack ice occur in August and Sep-
tember (Barnes et al., 1978: Fig 1.1 and Table 1.2). Ice com-
position, which varies inter- and intra-annually, is strongly
influenced by the combined effects of currents, winds, and
temperatures, with thickness varying from just a few cen-
timeters for new landfast ice up to several meters or more
for older pack ice (Barnes et al., 1978; Reimnitz et al., 1978;
Thorndike and Colony, 1982; Norton and Weller, 1984). The
general pattern of annual ice drift in the region consists of
the Beaufort Gyre, a clockwise or anticyclonic circulation
in the Beaufort Sea of the Canadian Basin, with multi-year
ice moving away from the Siberian coast and eventually
exiting through Fram Strait (Aagaard and Carmack, 1989).
Ice ridging within the Alaskan Beaufort Sea appears to
vary spatially, with ridging greatest in the eastern portion of
our study area near Barter Island (Barnes et al., 1978: Fig.
1.20). Ice dynamics also may affect polar bear distribution

and habitat association. During the fall open-water period,
for example, rapid deterioration of sea ice often results in
a rather abrupt, short-term increase in the number of polar
bears onshore along the north coast of Alaska (Durner et
al., 2004; Schliebe et al., 2006, 2008).

Annual fall surveys for marine mammals in the Alaskan
Beaufort Sea took place from late August to late October,
during periods of open water, landfast ice formation, and
pack ice encroachment, between 1979 and 2005 (Monnett
and Treacy, 2005). While the focus of these surveys was
to determine the migration corridor and timing of migra-
tion for bowhead whales, sightings of all marine mammals
were recorded (Treacy et al., 20006). A sighting represented
the location of the aircraft relative to a polar bear at the
time the bear was initially spotted and not the actual loca-
tion of the polar bear. Also, sightings may reflect more
than one animal since in some cases several bears were
observed at one location. Surveys during 1979-86 were
conducted from a Grumman Turbo Goose (Model G21G)
equipped with a Global Navigation System 500 (Ljungblad
et al., 1986). Since 1987, surveys have been done using a de
Havilland Twin Otter Series 300 aircraft equipped with a
local Garmin™ III Global Positioning System (GPS). Sur-
veys were generally flown at a target altitude of 457 m and
a ground speed of approximately 200—250 km/h. Local
weather patterns (wind, precipitation, and fog) affected the
timing, frequency, duration, and often effectiveness of all
marine mammal surveys. Surveys were aborted when cloud
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ceilings were consistently below 305 m or when sea state
was consistently above Beaufort 4 (Chapman, 1977). In
general, from the survey’s inception, every effort was made
to ensure nearly complete coverage of the entire study area
each year (Minerals Management Service, unpubl. data).
A more detailed description of survey methodology can be
found in Monnett and Treacy (2005).

Three general types of surveys were used: (1) “on
transect” surveys of random transects 30 min of longi-
tude wide and oriented north-south, which varied in length
depending on start and end points, (2) “on search” surveys
flown to and from transect start and end points that did not
follow a predetermined plan, and (3) “on connect” sur-
veys, which linked one transect leg to the next transect leg.
Within a given year, decisions related to whether, when, and
where to fly were largely driven by local weather patterns,
personnel safety concerns, and availability of remaining
open water.

Our survey methods may have underrepresented the total
number of polar bears present in the survey area as a result
of the distance between transects and the altitude of survey
flights (457 m) (Manly et al., 1996; McDonald et al., 1999;
Evans et al., 2003). Among-observer differences in ability
to discriminate polar bears from waves, snow and ice, cou-
pled with inter- and intra-annual variation in survey effort
and local weather conditions, also may have influenced the
number of polar bear sightings. Furthermore, we had no
way to account for variation in search effort or detectability
either within a habitat or among habitats “sampled” along
random transect lines. The survey targeted open-water hab-
itat, but also included some unknown proportion of all habi-
tats (sea ice, open water, land) available to polar bears. We
may have underestimated the number of polar bear sight-
ings associated with sea ice assuming this habitat type
was available (Table 1). However, it was never our intent to
quantify habitat use per se, or to infer habitat-use decisions,
either “preference” or “selection” (Johnson, 1980; Arthur et
al., 1996; Thomas and Taylor, 2006). We did not attempt to
correct for polar bears potentially missed during surveys;
however, the bias thus introduced should be a minor con-
cern, since we were not attempting to derive density or
population estimates (see Eberhardt, 1978; Burnham et al.,
1980).

Analytical Methods

Initially, all records of polar bears observed during fall
surveys from 1979 to 2005 were selected using an interface
between ArcGIS Version 8.3 (ESRI, 1999) and Bowhead
Whale Aerial Survey Project (BWASP) software (Micro-
Soft™ ACCESS 97). Habitat category was assigned for
empty cells within the database (primarily for the period
1979-91) by using ArcGIS to plot individual locations.
These “points” included latitude-longitude, date, and a
combination of ice type and percent ice cover. Canadian Ice
Service (CIS, Environment Canada, Ottawa; cf. Durner et
al., 2004) maps generated on or about 15 September of each

year allowed a further discrimination of polar bear sight-
ings offshore into either “on ice” or “open water.” Habitat
was not assigned when additional information contained
within the record did not allow interpolation or when point
locations, CIS map interpretation, and information con-
tained for a given sighting were incongruent. The “open
water” habitat was re-assigned to records only when ice
type was recorded as either “no ice” or “grease/new,” when
ice cover was less than 25% (most often 0%), and when the
point location occurred far enough from land to eliminate it
as a potential habitat (Monnett and Gleason, 2006).

Fine-scale assessments of ice conditions were done using
information assigned for each polar bear sighting, including
ice type and percent ice cover. At the time a polar bear was
observed, ice type was assessed by the most experienced
observer and originally classified into one of the following
categories: pack, pack-floe, broken floe, floe, broken-new
floe, new-broken floe, grease, frazil, landfast, lead, or no
ice. Ice type was reclassified into three broad categories;
old ice (pack, pack-floe, broken floe, floe, broken-new floe,
new-broken floe, lead), new ice (frazil, grease/new, and
landfast), and no ice. Reclassification of ice types generally
follows methods described by Durner et al. (2004: Table 1).
Also, at the time a polar bear was observed, percent ice
cover was estimated by both observers and averaged to the
nearest whole percent. The estimate represented a relative
assessment of ice cover within viewing distance (inclino-
meter of 60°) from the aircraft. Because percent ice cover
estimates resulted in a bimodal distribution (large number
of observations at 0% and above 95%) of ice cover observa-
tions, three ice cover categories (less than 25%, 25-75%,
and more than 75%) were used.

To assess inter- and intra-annual variation in ice types
and percent ice cover in the Alaskan Beaufort Sea, we cre-
ated two 50 X 50 km polygons in ArcGIS (ArcMap; ESRI,
1999), one centered roughly 10 km north of Barrow and
another centered roughly 10 km north of Kaktovik, using
the North American Datum 1983 UTM zone 6N coordinate
system. ArcMap was used to query the BWASP database
for sea ice cover percents estimated during annual surveys,
which were used to generate percentage estimates for both
months pooled (Sept and Oct only) within years (1979—-87),
(1988-96), and (1997-2005) for each of the 50 x 50 km
blocks (see below).

Contingency analysis (Pearson chi-square; SPSS Inc.,
2001) was used to assess large-scale variation in ice type
and percent ice cover categories within the 50 X 50 km
blocks separately for each area (Barrow and Kaktovik),
month (September and October), and year range (1979—87,
1988—-96, 1997—-2005). Contingency analysis was also used
to assess temporal variation in frequency of observations
relative to ice type, percent ice cover, and habitat catego-
ries (ice, land, and water) associated with individual polar
bear sightings. Only two categories were considered for
percent ice cover classes associated with polar bear sight-
ings—Iess than 50% and 50% or more ice cover (2 X 3 con-
tingency tables)—because 50% ice cover has previously



been considered the point at which polar bears abandon ice
for land (Stirling et al., 1999), and more than 50% ice cover
is the preferred habitat used by polar bears in the southern
Beaufort Sea in the summer and fall (Durner et al., 2004).
For all comparisons, observations were assigned to one of
three year-groups; early (1979—-87), mid (1988—-96), and late
(1997-2005). An a priori decision was made to partition
the dataset into three groups (nine years each) that roughly
reflected the stages in changing sea ice conditions during
the study, from more heavy ice conditions in 1979—87 to
more open-water conditions in 1997—-2005 (Treacy et al.,
2006).

We used a univariate analysis of covariance (ANCOVA)
to test for effects of year (main effect), Julian date (hereafter
date; covariate), and their interaction. We tested separately
for latitude and longitude as response variables. For this
analysis, we considered only those polar bear sightings that
occurred on connect and on transect rather than all sightings
to reduce potential bias associated with polar bear sightings
while on search. Also, to minimize concerns that survey
effort might unduly influence results, we assessed poten-
tial change in survey effort over time using linear regres-
sion for both survey types (on transect and on search). We
were able to include data only for surveys flown from 1987
to 2005 because surveys before 1987 included multiple air-
craft, searches outside the boundaries defined in this study
(Blocks 1-12, see Fig. 1), or surveys in which time (rather
than distance) was used as a metric of effort.

Type I1I sums of squares were used to evaluate signifi-
cance of effects in polar bear distribution models. A Bon-
ferroni adjustment to account for multiple comparisons was
used to define significance level (p = 0.025) for ANCOVA
models, and similarly, a more conservative alpha level of
p =0.01 (p = 05/3) was used for contingency analyses to
guard against committing a Type I error (Johnson, 1998).
For all contingency analyses, expected values were gener-
ated using the equation C, = R* C/N, where C, represents
the expected cell value, R is the expected mean row total
associated with that cell, C is the expected mean column
total associated with that cell, and N represents the number
of comparisons or columns. This approach seemed rea-
sonable given the large differences in observed frequen-
cies (Agresti, 2002). Given the retrospective nature of this
observational study, we caution that the findings should not
be considered definitive, nor should cause-effect be inferred
(Williams et al., 2002). Values reported in figures and tables
represent proportions rather than original frequencies used
in the contingency analyses.

RESULTS
Polar Bear Sightings and Survey Effort
In total, 329 polar bear sightings representing 877 polar

bears were made during fall (September—October) surveys
in the Alaskan Beaufort Sea from 1979 to 2005 (Fig.2).
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Of these, 66 sightings (n = 138 bears) were made during
1979-87, 88 (n = 271 bears) during 1988—96, and 175 (n =
468 bears) in 1997—-2005. From 1979 to 1987, 48% of polar
bear sightings occurred in September and 52% in October;
from 1988 to 1996, 39% occurred in September and 61% in
October; and from 1997 to 2005, 73% occurred in Septem-
ber and 27% in October. In 2005, there were only 12 polar
bear sightings (a total of 18 polar bears), and no sightings
occurred on transect.

On average, survey effort can be divided roughly as fol-
lows; 48% on transect, 43% on search, and 9% on connect.
Survey coverage was limited in most years for the more
northerly blocks, in particular blocks 7—10 (Fig. 1). The
heavy weighting of the survey effort toward the innermost
blocks (1—6 and 12) was due to an emphasis on monitor-
ing fall bowhead whale migration patterns in relation to off-
shore oil and gas activities. In general, there has been an
increase in the proportion of bears sighted on search, but
this difference does not appear to be a function of annual
variation in effort on search (Monnett and Gleason, 2006:
Table 1). There was a slight (F = 4.25, df = 1, 17; p = 0.05)
increase in on-transect effort, but on-search effort showed
no trend (F = 0.86, df = 1, 17; p = 0.36).

Inter- and Intra-annual Variation in Ice Conditions and
Habitats Associated with Polar Bears

Temporal variation in ice types (old ice, new ice, or no
ice) was evident from ice observations within the two 50
x 50 km ice survey blocks located offshore from Barrow
and Katovik (Table 1). Ice types differed in the three time
periods at both locations. Near Barrow, September had no
new ice in any of the time periods, but considerable vari-
ation in proportions of old ice and no ice (¥* = 118.27, df =
4, p <0.01), while October showed variation in all three ice
types (x> = 48.34, df = 4, p < 0.01). Near Katovik, differ-
ences were also found for both September (%> = 149.59, df =
4, p <0.01) and October (y*> = 55.19, df =4, p <0.01). At both
locations, open water was encountered more frequently and
old ice encountered less frequently during 1997-2005 than
during the previous two periods.

Percent ice cover (i.e., < 25%, 25—-75%, > 75%) differed
in September (y*> = 76.97, df =4, p <0.01) and October (y*> =
24.44, df = 4, p < 0.01) near Barrow. Near Kaktovik, per-
cent ice cover also differed in both September (%> = 200.20,
df =4, p <0.01) and October (y*> = 35.38, df =4, p < 0.01)
(Table 1).

Polar bear sightings associated with ice types differed
among years in both September (y*> = 130.26, df =4, p <
0.01) and October (x> = 49.04, df = 4, p < 0.01) (Fig. 3a,
b). During September, sightings associated with old ice
accounted for 88% (1979-87), 61% (1988—-96), and 8%
(1997-2005) of all polar bear sightings (Fig. 3a). In 1997—
2005, 90% of sightings were associated with no ice, com-
pared to only 12% of sightings in 1979-87 (Fig. 3). The
greater proportion of polar bear sightings associated with
ice in October reflects the presence of more ice; however,
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TABLE 1. Variation in ice types and ice cover percentages estimated from fall (September and October) aerial surveys summarized
within 50 x 50 km blocks overlain in ArcGIS and centered 10 km offshore from Barrow and Kaktovik, Alaska, 1979-2005 in the

southern Beaufort Sea.

Ice Type (%) Ice Cover (%)
September October September October
Years Old ice New ice No ice Old ice New ice No ice <25 25-715 >75 <25 25-75 >75
Barrow
1979-87 50 0 50 37 20 43 72 2 26 51 14 35
1988-96 48 0 52 30 33 37 81 10 9 41 18 41
1997-2005 3 0 97 34 8 58 99 1 0 64 13 23
Kaktovik
1979-87 45 4 51 24 34 42 74 16 10 52 13 35
1988-96 43 3 54 40 9 51 72 12 16 54 8 38
1997-2005 17 0 83 17 14 69 100 0 0 78 9 13

despite the increased availability of ice in October, 31% of
sightings occurred in ice-free conditions during 1997-2005
(Fig. 3b). For both September (y* = 81.06, df = 2, p < 0.01)
and October (> = 22.12, df = 2, p < 0.01), there were dif-
ferences in polar bear sightings over time related to percent
ice cover (< 50% vs. > 50%) (Fig. 3c, d). For September,
sightings associated with less than 50% ice cover in 1997 —
2005 numbered ten times those observed in September
1979—-87 and nine times those in September 1988—-96
(Fig. 3c¢). For October, sightings associated with less than
50% ice cover were 38% for 1997—-2005 compared to only
22% for 1979—-87 and 2% for 198896 (Fig. 3d).

The habitats associated with polar bear sightings (ice,
land, or open water; Fig. 3e, f) also differed over time for
both September (y>= 124.28, df = 4, p < 0.01) and October
(> = 53.32, df = 4, p < 0.01). For the first two time periods
(1979-87 and 1988—96), the proportions of habitats asso-
ciated with sightings were similar for both September and
October. However, a major shift to land-based polar bears
occurred in the final period, 1997-2005 (Fig. 3e, f).

Inter- and Intra-annual Variation in the Distribution of
Polar Bear Sightings

Included in this analysis were 135 sightings of 246
polar bears on transect and on connect. Latitude (adjusted
model R? = 0.648) of polar bear sightings varied as a func-
tion of year (F = 3.93, df = 16, 39; p < 0.01) and the year-
date interaction (F = 3.90, df = 16, 39; p < 0.01), but date
was not important (F = 0.63, df = 1, 39; p = 0.43) (Fig. 2).
Parameter estimates (= SE) for year (f = -3.23 + 0.62) and
date (B = +0.93 + 0.32) indicate that the latitude of sight-
ings declined (shifted toward the south) relative to year, but
increased (shifted toward the north) as a function of date
within year. Longitude (adjusted model R? = 0.579) of polar
bear sightings also varied as a function of year (F =4.43, df
=16, 39; p = 0.01) and the year-date interaction (F = 4.49,
df =16, 39; p = 0.01), but date was not important (F = 2.78,
df=1,39; p=0.09) (Fig. 2). Parameter estimates for year
(B =-14.67 £ 5.18) and date ( = +10.64 + 2.70) indicate that
longitude of sightings declined (shifted toward east) relative

to year, but increased (shifted toward west) as a function of
date within year.

DISCUSSION

We documented a change in habitat associated with
polar bear observations (Fig. 3) from bears associated with
ice to bears found almost exclusively on the barrier islands,
on the mainland coast, or in the water (this study; see also
Monnett and Gleason, 2006). During the same period, we
documented significant changes in both ice type and per-
cent ice cover available to polar bears within the study area
(Table 1). In general, there has been a decrease in old ice and
a concomitant increase in open water. Similarly, there has
been a decrease in “heavy” ice conditions (> 75% ice) and
a subsequent increase in “light” ice conditions (< 25%; pri-
marily 0% ice) associated with polar bear sightings over the
same interval. Results from the sea ice analysis presented in
this paper are supported by recent empirical research using
satellite ice imagery (Maslanik et al., 1999; Comiso, 2002;
Rigor and Wallace, 2004; Overpeck et al., 2005; Lindsay and
Zhang, 2005).

The minimum areal extent of sea ice has been docu-
mented since 1998, and new record lows were reached in
every year from 2002 to 2005 (Maslanik et al., 1999; Stro-
eve et al., 2005), and again in 2007 and 2008 (NSIDC,
2008). Rode et al. (2007) documented declines in bear size,
body mass, and cub survival and determined that at least
some of those changes were associated with the increase
in duration of the open-water season. Regehr et al. (2007a)
documented declines in survival of adult females and cubs-
of-the-year during recent years with longer ice-free periods
(2000—05). Further, Regehr et al. (2007b) documented an
increase in the number of days within a year that are con-
sidered “ice-free” (defined as < 50% ice cover); the over-
all annual mean number of ice-free days increased by 16.7
days from 1979 to 2006.

A within-season south-to-north shift in polar bear dis-
tribution was also documented during our study. Sightings
in September tended to be concentrated in the nearshore



POLAR BEARS AND FALL SEA ICE - 411

September
Beaufort Sea
+
¢
¢ ¥ o
+ ++ + + ¢ ¢
o v ¢
¢
+ ¢
Dease Inlet Harrison ;— : + +. 4‘+
Bay @ ¢ [y
Nuigsut* Oliktox Deadhors e
Legend Point Flaxma Kaktovik
Island - Demarcatio
¢ 1979-87 + Point

] £
+  1988-96 0 25 50 100 Km 25
® 1997-05 O T T I T | g -g
T3
Qm

[72]

. ]

October

Beaufort Sea

L]
+
¢+ hd
Oﬁ.'-l-‘ + ¢
+ + o + ¢ + ¢
+ + o
+ ’+‘
LA

o’¢+++

Dease Inlet Cape

Nuigsut¥* Oliktok

Legend Point Kaktovik ;
- Demarcatio
¢ 197987 + Point
c
+ o 198896 0 25 50 100 Km * . - B v
® 1997-05 T T T E | o 8 _g
o % 5
Qm
w
- =

FIG. 2. Location of polar bear sightings obtained from fall (September—October) aerial surveys in the Alaskan Beaufort Sea, 1979—-2005. Sightings were
separated by month and years to reflect variation among years or within a year: (¢) 1979-87, (+) 1988-96, and (e) 1997-2005. Each point is for one sighting (one
or more polar bears) and represents the location of the aircraft relative to the animal or animals when first detected.
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FIG. 3. Habitats associated with polar bear sightings during fall aerial surveys in the Alaskan Beaufort Sea, 1979—87 (solid black bars), 1988—96 (dashed bars),
and 1997-2005 (open bars). Associated habitats shown are ice types in a) September (n = 173) and b) October (n = 139); percent ice cover in ¢) September
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environment, particularly in recent years, whereas sightings
in October generally occurred farther offshore. It is likely
that polar bears on land in September moved onto the ice
as soon as it became available as a suitable substrate from
which to access ringed seals (Amstrup, 2000; Amstrup et
al., 2000; Durner et al., 2004). North-south and south-north
seasonal movements were demonstrated by Amstrup et al.
(2000) for radio-collared female polar bears in the Beaufort
Sea, and the bears’ movements were correlated to patterns
of ice formation and disintegration (Amstrup et al., 2000;
see also Gloersen et al., 1992: Fig. 3.1).

An interannual shift in the distribution of polar bear
sightings in the Alaskan Beaufort Sea was also documented
(Fig. 2). From 1979—87 to 1997—2005, sightings in the west
declined and sightings in the east increased. The largest
aggregations (> 20 animals) of polar bears documented were
observed in the eastern portion of the study area, and only
one of those sightings occurred during 1979—-87 (9 Octo-
ber 1981). Nearly all sightings of large aggregations were
directly associated with the presence of bowhead whale
carcasses. Other aggregations of 10 or more animals also
occurred more frequently in the east during 1997-2005,
with single sightings of more than 10 animals near Dead-
horse (Cross Island) and Barrow (Barrow Spit). In addition,
survey data suggest that bowhead whale carcasses are con-
centrating large numbers of polar bears during the fall near
the native community of Kaktovik (Brower et al., 2002;
Miller et al., 2006; Schliebe et al., 2008). To our knowledge,
no data exist indicating that the number of bowhead whale
carcasses available to polar bears has increased over time
or changed spatially from west to east on land (i.e., since
the 1970s; see Koski et al., 2005). The increasing number of
bears sighted during our study is supported by both anecdo-
tal reports of increased bear visits in the vicinity of oilfields
(Amstrup, 2000; Perham, 2005) and results of recent near-
shore polar bear surveys conducted from the Canadian bor-
der to Barrow (Schliebe et al., 2008). The large number of
sightings along the mainland coast and on barrier islands,
and particularly of swimming bears near Kaktovik (and
to a lesser extent near Deadhorse), appears to be a recent
phenomenon (Miller et al., 2006). There appears to be an
increase in the number of land-denning polar bears in the
Beaufort Sea with ca. 80% of the dens located in just 23%
of the available habitat, primarily in the northeast corner of
Alaska (Amstrup and Gardner, 1994; Amstrup, 2000; Fis-
chbach et al., 2007). This shift in distribution and habitat
use by denning female polar bears (from dens located pri-
marily on sea ice to dens located primarily on land) may
at least partially account for the west-to-east shift observed
in our study. In addition to the presence of bowhead whale
carcasses, high densities of ringed seals may also contribute
to the west-to-east shift in polar bear distribution (Schliebe
et al., 2008). Frost et al. (2004) documented the highest den-
sity of ringed seals from spring aerial surveys at ca. 144" W,
roughly from Kaktovik to Flaxman Island (Fig. 1). Though
the evidence is somewhat equivocal, ringed seal sighting
data from fall aerial surveys suggest a higher frequency of
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sightings and larger groups of ringed seals in the eastern
portion of the study area, particularly in September, during
more recent years (2000—05) (Minerals Management Serv-
ice, unpubl. data). Schliebe et al. (2008) documented that
southern Beaufort Sea polar bear distribution on land was
correlated with distribution of bowhead whale carcasses
and ringed seal density offshore.

Polar bear sightings increased during this study, which
may represent an increasing reliance on barrier islands and
the Alaskan north coast as habitat due to recent changes
in sea ice conditions. In the Canadian Arctic, Stirling and
Parkinson (2006) noted an increase in the number of polar
bears reported on land by residents of coastal communities;
however, they warned against interpreting this increase in
reports as evidence for actual population increases. Rather,
they suggested an interpretation similar to ours: that the
apparent increase was most likely a result of changing
distribution associated with sea ice conditions (see also
Schliebe et al., 2008).

Because of its longevity and timing, this study provided a
unique framework for assessing potential change in sea ice
conditions and describing distribution and habitat associa-
tion of polar bears in the Alaskan Beaufort Sea during the
fall. We understand that the statistical methods used are not
the most robust for modeling a suite of complex factors (main
effects, covariates, and interactions) that act simultaneously
or interact to explain polar bear habitat use, habitat selection,
or habitat preference, but that was not our intent. Rather we
employed a straightforward approach to describe variability
in sea ice and concomitant changes in polar bear distribu-
tion and their associated habitats at a relatively large spatio-
temporal scale. We have no way to account for detectability
issues that may have varied among years, among observers,
or among habitats. We further recognize that detection prob-
ability is almost certainly higher on land and in open water
than on sea ice, and that large groups of bears are easier to
detect than individuals. We attempted to “control” for these
differences in our analysis, but we recommend that our habi-
tat association results be interpreted with caution.

Observations from our study confirm reductions in ice
availability reported from studies using remotely collected
ice imagery data. Our results suggest that polar bear habitat
associations have changed as a result of reductions in ice
availability and that, in particular, more bears are occur-
ring on land and in open water during the fall (September—
October). Our results and more recent research on polar
bears in the Alaskan Beaufort Sea (Amstrup et al., 2006;
Monnett and Gleason, 2006; Regehr et al., 2006, 2007Db;
Fischbach et al., 2007; Hunter et al., 2007; Rode et al., 2007;
Schliebe et al., 2008) suggest changes in polar bear distri-
bution, habitat use, and behavior associated with large-scale
habitat changes (i.e., loss and fragmentation of sea ice). The
eastern Alaskan Beaufort Sea, including the nearshore (bar-
rier islands) and onshore environment, seems to be attract-
ing larger numbers of polar bears than it did historically
(Amstrup, 2000; this study). These habitat changes have
occurred over a short time frame (ca. 30—40 yrs).
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The increased proportion of polar bear sightings associ-
ated with land and open water in our study has implications
for management agencies that deal with polar bear—human
interactions. Increased use of land by bears is likely to
result in increased interactions between polar bears, indus-
try, and Native communities along the Alaskan Beaufort
Sea coast. It may be that polar bears, predominantly females
with dependent offspring (Miller et al., 2006; Schliebe et
al., 2008; this study), use a readily available and relatively
constant (in time and space) food source such as bowhead
whale carcasses in September and October to supplement
their diets because of their high energetic demands prior to
moving onto the sea ice in late fall (Bentzen et al., 2007).
Such a predictable and readily available high-fat food source
presumably has positive long-term reproductive or survival
consequences; however, it may negatively affect survival
of females and their dependent offspring in the short term
if the presence of whale carcasses increases the potential
for intra- and inter-specific aggressive encounters or bear-
human interactions that ultimately result in the “take” of
problem bears (Amstrup, 2000; Brower et al., 2002; Miller
et al., 2006). Concentrations of polar bears attracted to
bowhead whale carcasses were identified as a major man-
agement concern for the Southern Beaufort Sea polar bear
population (Perham, 2005).

The extent of oil and gas activities and development on
the southern Beaufort Sea coast continues to increase, and
the timing of much activity overlaps with the fall open-
water period when bears come to land or are increasingly
found in open water. While mitigation measures in place
have attempted to minimize impacts to polar bears from
industry activities (vessel traffic, seismic operations, and
other development-related interactions) in open water, until
now it has been mostly assumed that potential impacts of
industry on polar bears in open water would be negligible.
Results from this study suggest that the frequency of inter-
actions between industry and polar bears during the fall
may increase in the future, and that future environmental
impact statements, environmental assessments, and Sec-
tion 7 consultations related to offshore oil and gas activities
(e.g., consultations between the U.S. Minerals Management
Service and the U.S. Fish and Wildlife Service on oil and
gas activities in federal waters relative to polar bears) need
to take into account the increasing numbers of polar bears
on barrier islands, along the mainland coast, and in open
water (Stirling, 1988, 1990; Durner et al., 2000; this study).
We believe it is imperative that decision-makers recognize
the importance of this new information in light of a chang-
ing Arctic sea ice environment.
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