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Polar Bear Aerial Survey in the Eastern Chukchi Sea: A Pilot Study
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ABSTRACT. Alaskahastwo polar bear populations: the Southern Beaufort Seapopul ation, shared with Canada, and the Chukchi/
Bering Seaspopul ation, shared with Russia. Currently areliable popul ation estimatefor the Chukchi/Bering Seaspopul ation does
not exist. Land-based aerial and mark-recapture population surveys may not be possible in the Chukchi Seabecause variableice
conditions, the limited range of helicopters, extremely large polar bear home ranges, and severe weather conditions may limit
accessto remoteareas. Thusline-transect aerial surveysfromicebreakers may bethe best availabletool to monitor thispolar bear
stock. In August 2000, aline-transect survey was conducted in the eastern Chukchi Seaand western Beaufort Seafrom helicopters
based on a U.S. Coast Guard icebreaker under the “ Ship of Opportunity” program. The objectives of this pilot study were to
estimate polar bear density in the eastern Chukchi and western Beaufort Seas and to assessthe logistical feasibility of using ship-
based aerial surveysto develop polar bear population estimates. Twenty-nine polar bearsin 25 groupswere sighted on 94 transects
(8257 km). The density of bears was estimated as 1 bear per 147 km? (CV = 38%). Additional aerial surveysin late fal, using
dedicated icebreakers, would be required to achieve the number of sightings, survey effort, coverage, and precision needed for
more effective monitoring of population trends in the Chukchi Sea.
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RESUME. L’ Alaska a deux populations d’ ours polaires: celle du sud de lamer de Beaufort, commune avec le Canada, et celle
de lamer des Tchouktches/ mer de Béring, commune avec laRussie. A I’ heure actuelle, on ne posséde pas d’ estimation fiable
de la population de la mer des Tchouktches/ mer de Béring. En raison des conditions variables de la glace, de la portée limitée
des hélicoptéres, delatrés grande étendue du domaine vital del’ ours polaire et des conditions météorol ogiques particuliérement
mauvaises — facteurs qui limitent I’ acces aux régions éloignées—, il N’ est peut-étre pas possible d’ effectuer des relevés aériens
abaseterrestredelapopul ation ou desrel evéspar marquage-recapture. Lemeilleur outil disponiblepour unesurveillancecontinue
de cette population d’ ours polaires semble donc étre le relevé de transects effectué depuis les airs par un appareil embarqué sur
un brise-glace. En aoQt 2000, un relevé de transect a été effectué dans |’ est de lamer des Tchouktches et dans I’ ouest de la mer
de Beaufort depuis des hélicoptéres embarqués sur un brise-glace de lagarde c6ti ere américai ne sous les auspices du programme
des navires de passage. L es objectifs de cette étude pilote étaient d’ estimer la densité de |’ ours polaire dans I’ est de la mer des
Tchouktches et I ouest delamer de Beaufort, et d’ évaluer lafaisabilitélogistique del’ utilisation d’ hélicoptéres embarqués pour
établir des estimations de la population d’ ours polaires. Vingt-neuf ours polaires répartis en 25 groupes ont été apergus dans 94
transects (8257 km). Ladensité des ours était évaluée a1 animal par 147 km? (CV = 38 %). || faudrait réaliser d’ autres relevés
aériensalafindel’ automne, en ayant recoursadesbrise-glace spécialisés, pour enarriver au nombred’ observations, aux activités
derelevés, alacouverture et alaprécision nécessaires aune surveillance plus efficace destendances démographiques dans lamer
des Tchouktches.

Mots clés: relevé aérien, Ursus maritimus, ours polaire, mer de Beaufort, mer des Tchouktches, mer de Béring, transect, brise-
glace

Traduit pour larevue Arctic par Nésida Loyer.

INTRODUCTION

The Chukchi/Bering Seas polar bear (Ursus maritimus)
population isjointly managed by the United States and the
Russian Federation (Lunn et al., 2002). In the United
States, the Fish and Wildlife Service (USFWS) is respon-
sible under provisions of the Marine Mammal Protection

Act of 1972 (MMPA) to manage polar bear populations
within the optimum sustainable population level. Under
the MMPA, only Alaska Natives are allowed to hunt polar
bears for subsistence needs and for making handicrafts;
they currently harvest 60 to 100 bears annually from the
Chukchi/Bering Seas polar bear population (Lunn et al.,
2002). Russia prohibited polar bear hunting in 1956 in
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response to population declines caused by overharvest;
however, inrecent years, anincreaseinillegal harvest from
the Chukchi/Bering Seas stock has been noted (Nikita
Ovsyanikov, pers. comm. 2002, 2003). On 16 October
2000, the United States and the Russian Federation signed
the Agreement onthe Conservation and Management of the
Alaska-ChukotkaPolar Bear Population (Lunnetal., 2002).
The Agreement supportspolar bear hunting for subsistence
purposes by both Alaskan and Russian Natives, and it
providesaframework for the future management, enforce-
ment, and allocation of harvest between the two countries.
This agreement requires accurate popul ation data to deter-
mine sustainable harvest levels. Although population esti-
matesareavailablefor the Southern Beaufort Seapopulation
of northern Alaska (n= 2272, USFWS, 2002b), population
dataare limited for the Chukchi/Bering Seas population of
western Alaska (McDonald et al., 1999; USFWS, 2002a).
In August 2000, we conducted an aerial survey to estimate
polar bear density in the eastern Chukchi and western
Beaufort Seas and to assess the logistical feasibility of
using ship-based aerial surveys for this purpose.

METHODS
Sudy Area

Theaerial survey was conducted in the eastern Chukchi
Sea and western Beaufort Sea between 70° and 75°30' N
latitude and 168° and 146° W longitude (Fig. 1). Amstrup
et al. (2001) identified a new polar bear activity area,
referred to as the eastern Chukchi Sea, by analyzing 335
locations of 36 satellite radio-tagged polar bears in the
eastern Chukchi and western Beaufort Seas from 1984
through 1998. The eastern Chukchi Sea polar bear group
occursin the area of overlap between the Southern Beau-
fort Seaand the Chukchi/Bering Seaspopul ations (Amstrup
et al., 2001; USFWS, 2002a, b). We focused our survey
effortsin the area bounded by the 80th-percentile activity
contour of polar bearsin the eastern Chukchi Seafor July
through September (Fig. 1).

Survey Design

Aerial surveys were conducted from the U.S. Coast
Guard (USCQG) icebreaker Polar Star under the “ Ship of
Opportunity” program. This program supports scientific
investigations at a reduced cost, with the understanding
that the ship’s course and activity are controlled by the
USCG and that the scientific studies are secondary to the
ship’s primary mission. The ship’s officers worked to
maximize the opportunities to fulfill the objectives of as
many studies as possible. We flew line-transect surveys
from the USCG icebreaker using two USCG HH-65A
helicopters (Aerospatiale Dauphine AS 365N 2). The heli-
copters had fuel for approximately two flight hours and a
range of 100—185 km from the ship.

The ship track started in the western part of the study
area and moved east within the pack ice. If possible, the
captain avoided areas that contained heavy ice; therefore,
the ship was not randomly located with respect to theice
conditions. Planning meetings predetermined the approxi-
mate ship location for the next day. We attempted to of fset
the location of the ship at least 55 km from the previous
survey day’s location to allow greater coverage of the
study area. Before the survey, we created a grid of north-
south survey linesspaced 1 km apart. Thestarting point for
each transect was randomly selected each day from the 10
transects closest to the ship’s position. Typically, eight
transects (2 aircraft x 2 transects x 2 sorties), located 10 km
apart and approximately 100 km long, were flown each
day, the first sortie between 0800 and 1000 hours, and the
second between 1400 and 1600 hours. Flight times were
chosen to accommaodate the ship’s daily schedule and the
needs of the ship’s primary mission. If poor visibility was
encountered, we discontinued the survey. Flights during
poor survey conditions were excluded from survey effort
and analysis. Surveys were flown at a target altitude of
91 m (300 ft) and an air speed of 145 km/hr.

The aircraft flight crew included two pilots, a member
of theaviation crew who served asadatarecorder, and two
primary observers, one on each side of the aircraft. The
primary observers rotated between the left and right sides
of theaircraft daily. Pilotswereinstructed not to announce
a polar bear sighting until after the observers had had a
chance to see it. Polar bears seen by the pilots, but not
initially seen by the primary observers, were not included
intheanalysis. Observers concentrated on detecting polar
bears, ringed seals (Phoca hispida), bearded seals
(Erignathus barbatus), and Pacific walrus (Odobenus
rosmarus divergens) within 0.5 km of the aircraft, al-
though bears were observed at distances up to 1 km.
Observers placed their heads in a standard position and
marked theinitial sighting of each polar bear group on the
aircraft window. After the flight, this mark was used to
determine the angle to the sighting with an inclinometer
(Suunto, Vantaa, Finland). After each polar bear sighting,
the helicopter circled back to confirm the group size and
then resumed the survey at the location of the initial
sighting. Observersnoted changesin flight mode, altitude,
weather, and ice conditions and classified the sighting
conditions as good, fair, or poor visibility. Observers
estimated the percentage of sea ice coverage within the
survey strip to the nearest 10% and classified seaice stage
of development and form as defined by Smith (2000).

The data recorder entered observations on data forms
and noted the time of each observation to the nearest
second, using a watch synchronized with the GPS. A
Garmin GPS 111+ (Olathe, Kansas) recorded the aircraft
position every 15 seconds. After each flight, the GPStrack
log was downloaded into Microsoft Access 2000. The
aircraft position at the time of each observation was inter-
polated from the GPS track log. The perpendicular dis-
tanceof each sighting fromtheinsideedge of theobservable
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FIG. 1. Study area, flight lines, and polar bear observationsin the eastern Chukchi Seaand western Beaufort Sea off northern Alaska during August 2000. Survey
efforts focused on the eastern Chukchi Sea study area delineated by the 80% activity contour of satellite-collared polar bears (Amstrup et al., 2001).

transect was determined from the angleto the sighting, the
angle to the bottom of the observer’s window, and the
aircraft altitude at the time of the sighting. We used
Arclnfo (ESRI, Redlands, California) to estimatethelength
of each surveyed transect from the GPS locations for the
starting and ending points. Each transect line was consid-
ered asampling unit. If two portionsof atransect linewere
flown on different flights, they were considered i ndepend-
ent samples.

To estimate the polar bear density and variance, we
analyzed the sighting data with DISTANCE version 3.5
(Thomas et al., 1998), which estimated the effective strip
width, and used bootstrapping to estimate the variance
associated with the effective strip width and the encounter
rate. Density estimates were calculated by modeling the
encounter rate and sightability of polar bear groups as a
function of distance from the inside sighting line. We
modeled the encounter rate with empirical distributions
and modeled the sightability using the half-normal and
uniform functions adjusted by polynomial and cosine
expansions. All models included a sightability correction
factor (g,). The best models were selected by considering

the Akaike Information Criterion (AIC) and the coeffi-
cient of variation (CV) of the estimated density (Burnham
and Anderson, 1998). The best models were ranked using
AIC and Akaike weights, and then a model-averaged
estimator was determined (Anderson et al., 2000).

The survey aircraft allowed for only one observer on
each side of the aircraft, and thus we could not develop a
sightability correction factor based on paired observers.
We approximated a sightability correction factor (g,) for
polar bears on the inside line of the survey transect with
datafroma1994 polar bear aerial survey (McDonaldetal.,
1999), which used helicopters that accommodated two
independent observers on each side of the aircraft. We
assumed that sightability during the 2000 survey was
similar to the sightability from either the front or the back
seat of the 1994 survey and that sightability in both
surveys was the same on the left and right sides of the
aircraft. Although the survey design was similar for both
surveys, we also assumed that the g, was not affected by
who the observers were, or by helicopter type, ice condi-
tions, or time of year. Neither the 1994 nor the 2000 aerial
survey corrected for bears that were present in the survey
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TABLE 1. Date, locations(decimal degrees), perpendicul ar distance
(m) from theinside visible edge of transect, and size of polar bear
groups sighted by the primary observers while on transect during
the August 2000 survey.

Sighting Date Latitude Longitude Distance  Group
CN) (w) (m) Size
1 7 Aug 70.60 167.14 141 1
2 8 Aug 72.07 165.89 405 1
3 8 Aug 72.74 166.05 104 1
4 10 Aug 71.55 161.97 39 1
5 11 Aug 71.65 159.98 292 1
6 11 Aug 71.65 159.97 83 2
7 11 Aug 72.30 159.97 512 1
8 11 Aug 71.49 160.52 51 1
9 11 Aug 71.44 160.47 365 1
10 11 Aug 71.39 158.60 254 1
11 11 Aug 71.39 158.60 276 1
12 11 Aug 71.32 159.16 81 1
13 11 Aug 71.34 159.17 186 1
14 11 Aug 71.40 159.16 980 1
15 11 Aug 71.44 159.17 20 2
16 12 Aug 71.63 158.05 650 1
17 12 Aug 71.67 158.32 675 1
18 12 Aug 71.38 158.29 229 2
19 13 Aug 73.03 156.09 150 1
20 15 Aug 71.72 155.01 51 1
21 15 Aug 71.87 155.29 7 1
22 16 Aug 71.70 151.15 145 1
23 20 Aug 72.57 153.93 405 2
24 20 Aug 72.33 155.84 82 1
25 20 Aug 72.77 155.84 25 1

transects but not available to be seen (e.g., lying down
behind an ice ridge); thus, the g, from the 1994 survey
should be considered a minimum sightability correction
factor. Wefit sightability model 1 fromManly et al. (1996)
to the pooled sighting data from the front and rear seats of
the 1994 survey. This model assumes that sightability
depends on the distance of the polar bear group from the
line and is not affected by either the polar bear group size
or the seat position of the observer. The probability of
detection on the line (g,) and the standard error were
estimated by maximum likelihood.

To estimate the effort necessary to decrease the coeffi-
cient of variation (CV) in future surveys, we used asimple
model that relates the CV of the estimated density to the
survey effort (Wade and DeMaster, 1999). This model
assumesthat the number of sightingsis proportional to the
survey effort and that the CV of the density estimate is
proportional to the square root of the number of sightings.
The proportionality constant from the pilot survey isthen

p = npilm(cvpilot)2
where Mo is the number of sightings on the pilot survey,
and CV i is the estimated CV from the abundance esti-
mate made during the pilot survey. The CV of density
estimates for future surveys is then estimated to be

CVfuture = (p/L future(npilot/L pilm))ll2

where Lp
and L

future

.o IS the survey effort flown on the pilot survey,
is the proposed future survey effort.

RESULTS

Seventy-onehoursof survey wereflownduring 43flights
from 2 to 28 August 2000. We flew 8265 km of transect
lines (n = 94) under good-to-fair sighting conditions
(Fig. 1). Twenty-five polar bear groups consisting of 29
individual s were seen on transect by the primary observers
(Tablel). Wecircled each polar bear group for verification,
which for two sightings revealed a second polar bear.
Although the weather was often foggy, 75% of the survey
effort occurred in good sighting conditions, 17% in fair
sighting conditions, and 8% in poor sighting conditions. No
bear groups were seen in poor conditions, while five were
sighted in fair conditions and 20 in good conditions. We
combined the survey effort flown under both good and fair
conditions, because there was no significant difference in
the distribution of distances at which bear groups were
sighted (Wilcoxon Two-Sample Test, S = 56.5, p = 0.585)
and the encounter rates were similar (0.00332 vs. 0.00296
bear groups/km) under both conditions.

Ice conditions were variable during the survey (Fig. 2).
Asweflew north, we expected to encounter areas covered
with 100% pack ice. However, we encountered open-
water areas even at the northernmost extent of our survey
(75°30" N). In general, ice coverage was greater in north-
ern areas than at southern locations. Most of the ice was
classified as first-year or multi-year ice. The most com-
monly encountered ice forms were pancake ice, cake ice,
and small to mediumfloes. Big floeswere not encountered
frequently except north of 75° N. In general, the ice was
unconsolidated and moving with evidence of both thawing
and freezing. Polar bears were sighted in a broad range of
ice cover (Fig. 2). Although 9.3% of our survey effort
occurred in areaswith lessthan 10% icecover and 2.7%in
areaswith 100% ice cover, no bearswere seen under either
of these conditions. The greatest concentration of bears
seen (16/25) occurredin an areaal ong the southern edge of
the ice, approximately 96 to 160 km northwest of Barrow
(Fig. 1).

Satellite telemetry data from radio-collared femal e po-
lar bearshaveindicated that polar bearshave atendency to
congregate along the ice edge during the fall when theice
beginsto form and move south (Garner et al., 1992). The
August 2000 survey was conducted before awell-defined
ice edge had formed (which normally occursin October).
Although evidence of polar bear activity was seen in all
areas, the majority of the polar bear sightings occurred
within the southern portion of the study area, wheretheice
was less consolidated and seal and walrus sightings were
more common.

Polar bears feed primarily on ringed seals (Phoca
hispida) and to al esser degree on bearded seal s (Erignathus
barbatus) and spotted seals (Phoca largha). The sightings
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FIG. 2. Polar bear sightings relative to sea ice concentrations encountered
during the aerial survey for polar bears in the eastern Chukchi and western
Beaufort Sea in August 2000. Hatched bars represent the transect distance
flown over each seaice concentration. Thin black bars represent the number of
polar bears sighted over each seaice concentration.

of polar bears and their primary prey substantiate the
association of polar bear distribution with prey distribu-
tion. More bear groups were sighted on flights that in-
cluded sightings of polar bear prey (16 polar bear groups
on 2511 km of transect) than on flightsthat did not include
the sighting of prey (9 polar bear groups on 5754 km of
transect, x? = 13.36, d.f. =1, p < 0.001).

The probability of detecting bears decreased with in-
creasing perpendicular distancefromtheinside edge of the
survey strips (Fig. 3). A comparison of the detection
models is presented in Tables 2 and 3. The small differ-
ences between the AIC values madeit difficult to justify a
choice of best model. Consequently, we chose model
averaging to develop a density estimate that will have
reduced bias when compared to a single density estimate
from any one model (Anderson et al., 2000).

We estimated the density of polar bear groups by divid-
ing the number of bears encountered (25 bear groups) by
the effective area surveyed (8265 km survey transect
length x 0.441 km effective survey strip width). The group
density estimate was adjusted by g,, which was calcul ated
to be 0.667 (SE = 0.144). The DISTANCE 3.5 program
extrapol ated thedensity of individual bearsusingthemean
observed group sizes (1.16 = 0.075 SE). We estimated a
density of 0.0068 bears per km?, with upper and lower 95%
confidence bounds of 0.032 and 0.014, respectively. This
translates to an average of one bear per 147 km? (95%
confidence limits 71 to 313). If we consider only survey
effort that was flown over areas of 10% or greater ice
coverage (7525 km), the estimate of polar bear density was
0.0075 (95% confidence limits 0.0057 to 0.025), or
133 km? per bear (95% confidence limits 40 to 175).

Standard outputs from the DISTANCE 3.5 program
allowed us to examine sources of variation in the density
estimate. Sinceit was not possibleto makethisdetermina-
tion for the averaged model, we examined the sources of
variation for the half-normal model, which had the lowest
CV (37%). The encounter rate was the greatest source of
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FIG. 3. Histogram of perpendicular sighting distancesand model ed probability
detection functionsfor polar bear groups sighted during the August 2000 aerial
survey. Thevalueabove each histogram bar representsthe number of polar bear
groups sighted in that distance interval.

variance (53.2%). This variance may be dueto variability
in sighting conditions or inherent to the sampling of
animals at low densities. The estimate of g, was the next
greatest source of variance (34.9%), followed by the dis-
tance detection function (9.5%) and polar bear group size
(3.1%). The predicted CV for future surveysis plotted as
afunction of survey effortin Figure4. Doubling the survey
effort to about 18600 km would reduce the CV of the
density estimate from 38% to 26%. Another way to reduce
the CV would beto stratify future survey effortsinto areas
of high and low polar bear density based on ice habitat
conditions. The CV valueswerelower for theline-transect
models, which excluded areas with less than 10% ice
(Table 3).

DISCUSSION

Most polar bear abundance estimates have come from
mark-recapture methods, which requirelarge samplesizes,
well-defined population bounds, and low variance with
respect to capture probabilities to obtain robust and unbi-
ased estimates. Although mark-recapture methods have
been used to estimate the population in the Southern Beau-
fort Sea off northern Alaska (Amstrup, 1995; Amstrup et
al., 2001), logistical constraints (such as variableice con-
ditions, extreme weather, limited range of helicopters, and
extremely large polar bear home ranges) have precluded
efforts to apply mark-recapture methods in the Chukchi
Sea. Line-transect methodol ogy iscurrently the best method
available to assess population densities for remote
popul ations where mark-recapture studies are not practical
(Wiig and Derocher, 1999). The results from our study in
the eastern Chukchi Sea and western Beaufort Sea may
provide aframework from which to devel op a more exten-
sive survey for the entire Chukchi/Bering Seas popul ation.

We sought to estimate the density and si ze of the eastern
Chukchi Sea polar bear population. The boundaries of the
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TABLE 2. Comparison of line-transect model sfor the entire study areain the eastern Chukchi Seaand western Beaufort Seain August 2000.
Thesampling unit wasaflight along arandomly selected transect. Only polar bears seen by primary observerswhileon transect flightswith
good or fair visibility (8265 km) were used in the analysis (25 polar bear groups consisting of 29 animals). AIC = Akaike Information
Criterion, CV = Coefficient of Variation, LCL =95% L ower ConfidenceLimit, UCL = 95% Upper ConfidenceLimit, w = Akaikeweights.

Model Selection Criteria Results
Distance Detection Function AlC CcVv Effective Density (SE) LCL UCL w
Strip Width (m) (bears’km?)
1) Half-Normal 330.2 36.8 441 .00597 00295 .01209 0.2243
(.00219)
2) Half-Normal Cosine 329.1 39.2 330 .00797 00377 .01684 0.3868
(.00312)
3) Uniform Cosine 329.6 37.8 410 .00643 00311 .01325 0.3013
(.00242)
4) Uniform 332.1 39.5 508 .00518 00244 .01099 0.0876
(.00204)
5) Model Averaged 38.4 395 .00681 .00317 .01418
(.00261)

TABLE 3. Comparison of line-transect models for areas with greater than 10% ice concentration in the eastern Chukchi Sea and western
Beaufort Seain August 2000. The sampling unit wasaflight along arandomly sel ected transect. Only polar bears seen by primary observers
whileon transect flightswith good or fair visibility (7526 km) wereincluded in theanal ysis (25 polar bear groups consisting of 29 animals).
AlIC = Akaike Information Criterion, CV = Coefficient of Variation, LCL =95% L ower Confidence Limit, UCL = 95% Upper Confidence

Limit, w = Akaike weights.

Model Selection Criteria Results
Distance Detection Function AlC Ccv Effective Density (SE) LCL UCL w
Strip Width (m) (bears’km?)
1) Half-Normal 330.2 36.6 441 .00655 .00325 01321 0.2242
(.00239)
2) Half-Normal Cosine 329.1 38.8 330 .00875 .00416 .01840 0.3868
(.00341)
3) Uniform Cosine 329.6 37.4 410 .00705 .00344 01447 0.3013
(.00264)
4) Uniform 332.1 39.1 508 .00568 .00269 .01202 0.08762
(.00223)
5) Model Averaged 38.6 395 .00748 .00568 .02498
(.00288)
study area were based on telemetry data from 36 radio-
collared adult female polar bears, whose movements indi- £ 030 T
cated fidelity to an area distinct from that occupied by &
other groups of satellite radio-collared polar bears to the Z 025 &
east in the southern Beaufort Sea and to the west inthe 2 .
Chukchi and Bering Seas (Amstrup et al., 2001). Although %
the survey was designed to cover the entire study area, our 2 020 &
survey effort was not uniformly distributed. Given time £ [
and logistical constraints, wewereableto obtain adequate A OSSOSO SOSROOO B.
coverage from east to west only in the southern portion of 5 015
the study area. Only a small portion of the survey effort 5
occurred in the north, and no surveys were conducted in © 010
the northwest corner. The maps of the seaice extent from ' ‘ ‘ ‘ ‘
5000 10000 15000 20000 25000

the National Oceanic and Atmospheric Administration
and National Snow and Ice Data Center did not accurately
describethevariableice conditionsencounteredin August
2000, and the spatial and temporal resolutions were not
sufficient to compare ice habitat conditions between the
survey areas and those not surveyed. Since we had no
meansto determinewhether the seaice habitat was similar
in the two areas, our results were not applied to the entire

Transect Line Length (km)

FIG. 4. Predicted CV of estimated density relative to survey effort (km) based
onamodel described by Wadeand DeM aster (1999) and our survey results. The
grey line represents the power analysis curve. The black dot represents the
August 2000 survey effort (8265 km), and the solid line represents the results
based on 25 sightings in August 2000. The lower dotted line represents the
density CV if the survey effort were doubled.
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TABLE 4. Polar bear density estimates from aerial surveys conducted in the Chukchi and Beaufort Seas.

Location Date Number of Bear Density Km?bear Ccv Source

Bear Groups (bears/ knv?)
Eastern Chukchi Sea 8/2000 25 0.00681 147 0.38 This study — Averaged Model
Western Beaufort Sea
Beaufort Sea 6/1994 15 0.00352 284 0.73 McDonald et al., 1999
Chukchi Sea 4/1987 12 0.00224 446 0.51 McDonald et al., 1999
Beaufort Sea
Kotzebue to Kaktovik
Chukchi Sea 4/1987 1 0.00108 926 1.03 McDonald et al., 1999
Kotzebue
Chukchi Sea 4/1987 4 0.00309 324 0.61 McDonald et al., 1999
Lisburne
Western Beaufort Sea 4/1987 1 0.00061 1640 1.05 McDonald et al., 1999

Eastern Chukchi Sea
Barrow

survey area. In addition, the lower density of bears en-
countered in areas with 100% ice cover violated the as-
sumption of uniform bear distribution; thus, our density
estimates were not extrapolated to areas not surveyed.
Although we were unableto estimate the abundance of the
polar bear population, we were still able to calculate a
density estimate for the area surveyed.

Our estimate of polar bear density was greater than
previous survey estimates (Table 4). Differences between
density estimates may be due to one or more of the follow-
ing: (1) differencesin the survey areas, (2) differencesin
the timing, (3) differences in survey methods, observers,
and survey effort, (4) differencesin the distribution of ice
habitat or polar bears or both, (5) anincreasein the number
of polar bears, or (6) the accuracy of this and previous
surveys (McDonald et al., 1999). Compared to previous
efforts, our survey had the lowest CV and the greatest
number of sightings(Table4). Thesurvey conducted out of
Barrow in April 1987 is most comparable to ours for area
surveyed. Since the aerial surveys occurred in different
areasand at different times of theyear, it wasimpossibleto
comparetheir resultsdirectly. Also our use of asightability
correction factor from a previous survey most likely re-
sulted in biased density estimates (e.g., using an estimated
g, that is higher than reality will overestimate the true
density). This problem indicates the importance of devel-
oping a sightability correction factor for each survey. The
CV for this survey from the averaged model was 38%,
which means that if we could repeat the survey with the
same precision, in the same area, and under the same ice
and weather conditions, we would expect to be able to
detect a76% changein density with about 95% confidence.

The greatest source of variation wasthe encounter rate.
Using the predictive model that compares the CV of the
estimated density to survey effort (Wade and DeMaster,
1999), the precision of the aerial survey could beincreased
by 12% if the survey effort were doubled. To accomplish
this, we would need to add a second icebreaker or conduct
the survey for alonger period. It is hoped that surveying
later in the year, to coincide with the formation of awell-

defined ice edge and the advance of the pack ice, would
increase the number of bear sightings and the encounter
rate and lower the CV. The second greatest source of
variation wasthe sightability correction (35%). To reduce
this source of variation, we would need to increase the
double observer effort conducted in the earlier surveys
with two observers on the same side of the aircraft. How-
ever, this was not an option in August 2000, given the
constraints on use of the USCG helicopters.

Polar bear distributionisstrongly tied to seaice dynam-
ics (Garner et al., 1990; Amstrup, 1995; Amstrup et al.,
2000). Although polar bears in the Chukchi and southern
Beaufort Seas generally move with the pack ice as it
advances in winter and recedes in summer, the specific
factorsthat determine their distribution and movement on
theicearenot completely understood. Wind, currents, and
seasonal changes in the weather affect the movement,
|ocation, and types of ice encountered and, to some extent,
the location and availability of prey. In addition, seasonal
human activities near shore or on land may also affect
polar bear distribution (Amstrup, 1995). Since we have no
way of factoring out all these variables, direct statistical
comparisonsbetween the survey resultswerenot justified;
thus, the comparisonsin Table 4 are useful for illustrative
purposes only.

The primary goal of this survey was to assess the
logistical support facilities available on the USCG ice-
breakers and survey methods for polar bear population
assessment. If a survey-specific sightability correction
could be developed, then a comprehensive population
survey for the Chukchi/Bering Seas population would be
possibleusingaUSCG icebreaker with helicopter support.
Inthe Chukchi Sea, ship-based aerial surveys are superior
to land-based aerial surveys, which may be severely ham-
pered by variable ice conditions. Land-based aerial sur-
veyssometimesrequiretravel over long distancesto reach
theice, whereas ship-based aerial surveysmay belaunched
from the ice edge or from points many kilometers within
theicepack. In addition, severe weather forcesland-based
aircraft to retreat earlier than ship-based aircraft when
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they must return to safety. The USCG Ship of Opportunity
was cost-effective in allowing us to test ship-based aerial
survey methods. However, to accomplish an adequate
survey of the study area or of the entire Chukchi Sea, we
would need dedicated ship time to select the time of year
and route of the icebreaker. Dedicated ship time would
substantially increase survey costs. We believe that the
best time to conduct a population-wide survey islate fall,
when theice edgeisbetter defined and bears congregate at
the edge of the pack ice and newly forming ice (Garner et
al., 1992).
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