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Abstract: During 1987-94 we used capture-mark-resight (CMR) methodology and rates of observation (bears/hour and bears/100 km2) of 
unmarked brown bears (Ursus arctos middendorffi) during intensive aerial surveys (IAS) to estimate abundance of brown bears on Kodiak Island 
and to establish a baseline for monitoring population trends. CMR estimates were obtained on 3 study areas; density ranged from 216-234 bears/ 
1,000 km2 for independent animals and 292-342 bears/1,000 km2 including dependent offspring. Rates of observation during IAS ranged from 
1.4-5.4 independent bears/hour and 2.9-18.0 independent bears/100 km2. Density estimates for independent bears on each IAS area were 
obtained by dividing mean number of bears observed during replicate surveys by estimated sightability (based on CMR-derived sightability in 
areas with similar habitat). Brown bear abundance on 21 geographic units of Kodiak Island and 3 nearby islands was estimated by extrapolation 
from CMR and IAS data, using comparisons of habitat characteristics and sport harvest information. Population estimates for independent and 
total bears were 1,800 and 2,600. The CMR and IAS procedures offer alternative means, depending on management objective and available 
resources, of measuring population trend of brown bears on Kodiak Island. 
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The brown bear population of Kodiak Island is inten- 
sively managed because of its high value to sport hunt- 
ers, wildlife viewers, and photographers. Furthermore, 
the species is considered an important indicator of eco- 
system vitality (Schoen et al. 1994). On the Kodiak Na- 
tional Wildlife Refuge (NWR), which encompasses about 
two-thirds of the island, responsibility for the welfare of 
brown bears and their habitat is shared between the Alaska 
Department of Fish and Game (ADF&G) and the U.S. 
Fish and Wildlife Service (USFWS). The management 
goal is to maintain distribution, density, and composition 
of the brown bear population at or near current levels. 
This goal places a high priority on objective estimates of 
population size and trend. 

Increasing human activity represents the most serious 
challenge to brown bear management on Kodiak Island 
(Smith et al. 1989, USFWS 1993). Factors that are most 
likely to affect bears are consumptive and non-consump- 
tive recreational use, cabin and lodge development on 
private inholdings, and natural or human-induced changes 
in abundance and distribution of Pacific salmon 
(Oncorhynchus spp.). The relative importance of these 
factors will vary by locality. Because brown bears on 
Kodiak Island have comparatively small home ranges 
(Berns et al. 1980, Barnes 1990, Smith and Van Daele 
1990), long-term impacts on localized areas are possible. 
Effective management requires current data on bear popu- 
lation status from representative areas throughout the is- 
land. 

In this paper we report population data acquired in a 
series of studies conducted on Kodiak Island during 1987- 
94. Our objectives were to: (1) determine brown bear 
density in representative habitats, (2) develop cost-effec- 

tive methodology for monitoring population status of 
brown bears, and (3) estimate size of the brown bear popu- 
lation on Kodiak Island and adjacent small islands. 

Operational funds were provided by the Kodiak Brown 
Bear Research and Habitat Maintenance Trust and 
USFWS. J. Bellinger, D. Munoz (USFWS), L. Pank (Na- 
tional Biological Service [NBS]), and K. Schneider 
(ADF&G) provided administrative and moral support, and 
E. Becker and S.D. Miller (ADF&G) provided assistance 
with sampling procedure and statistical analyses. G. Gar- 
ner (NBS), R. Hander, G. Wilker (USFWS), and L. Van 
Daele (ADF&G) assisted with capture-marking and aerial 
surveys. Safe and efficient piloting skills were provided 
by K. Becker, B. Bohman, T. Chatto, B. Patterson 
(USFWS), H. Downs (Alaska Helicopters), and C. 
Lofstedt (Kenai Air Alaska). We thank R. Eluska 
(Akhiok-Kaguyak, Inc.) for allowing us to work on Na- 
tive-conveyed lands within Kodiak NWR. J. Barnes and 
J. Revalee patiently provided budget accounting and cleri- 
cal support. The manuscript benefited from reviews by 
W. Ballard, D. Garshelis, R. Sellers, and W. Testa. 

STUDY AREAS 
We worked on 5 areas of Kodiak Island during 1987- 

94 (Fig. 1). Climate of the region is maritime and char- 
acterized by cool temperatures, overcast skies, fog, 
windstorms, and moderate to heavy precipitation. Maxi- 
mum temperatures occur in July and August and usually 
range from 13-18 C; lowest temperatures normally oc- 
cur during January and February and seldom fall below - 
6 C. Precipitation occurs primarily as rain near sea level 
and snow at higher elevations from October to May; an- 
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Fig. 1. Study areas used to estimate density, composition, 
and rates of observation of brown bears during 1987-94. 
Kodiak Island, Alaska. 

nual precipitation usually ranges from 100-200 cm with 
large fluctuations among years and specific locales. 

Terror Lake 
Topography of the Terror Lake area (TER; 355 km2) 

included rugged segments of coastline, tidal flats, foot- 
hills, low ridges interspersed with flat terrain, and steep 
ridges and peaks that extended to 1,340 m. Slopes <450 
m were vegetated by a tall (>1.5 m) shrub-grass-forb com- 
plex represented by Sitka alder (Alnus crispa), European 
red elder (Sambucus racemosa), salmonberry (Rubus 
spectabilis), bluejoint grass (Calamagrostis canadensis), 
and fireweed (Epilobium angustifolium). Other dominant 
flora included balsam poplar (Populus balsamifera) and 
willow (Salix spp.) in valleys, Kenai birch (Betula kenaica) 
on lower slopes, and scattered patches of Sitka spruce 
(Picea sitchensis). Alpine (>450 m) vegetation consisted 
of various mixtures of low willow, ericaceous shrub 
(Ericaceae), sedge (Carex spp.), grasses, and forbs (Atwell 
et al. 1980, Smith and Van Daele 1990). The TER area 
had the highest elevations and the most precipitous ter- 
rain among study areas. 

Southwest Kodiak 
The southwest Kodiak area (SWK; 632 km2) was com- 

posed of wide valleys, rolling foothills, and occasional 
areas of precipitous terrain. Elevation extended to 768 m, 
but most peaks and ridges were <600 m. Lowlands (15- 
180 m) included bog and marsh, willow-grass-forb com- 
munities, and dry sites dominated by ericaceous shrub. 
Mid-elevation slopes were vegetated by dense to widely- 
spaced patches of tall shrubs dominated by Sitka alder 
and interspersed with clumps of European red elder. 
Openings in tall shrub habitat were occupied by low- 
shrub and herbaceous cover. An upland zone (>350 m) 
was composed of herbaceous meadow, ericaceous shrub, 
low willow, bare soil, and rock. A microtopography of 
regularly spaced hummocks (0.3-1.2 m tall) was a com- 
mon feature throughout SWK (Karlstrom and Ball 1969, 
Barnes 1990). The Sturgeon River area (STR), a 264 
km2 portion of SWK, was treated as a subunit for aerial 
surveys conducted in 1992 and 1993. 

Aliulik Peninsula 
The Aliulik Peninsula area (ALI; 350 km2) was 

bounded by ocean on >90% of its periphery and con- 
tained 2 distinct physiographic units. The northern por- 
tion (47%) was mountainous, with elevation extending 
to 675 m. Topography and vegetation of the north unit 
was similar to the foothill and mountain portions of SWK. 
The south unit (53%) of ALI was primarily a low (<180 
m) benchland of ericaceous shrub tundra intersected by 
numerous draws and drainages. Herbaceous meadows, 
bogs, shallow ponds, and small (<1 km2) lakes were 
present throughout the unit. Willow and Sitka alder oc- 
curred primarily in isolated patches, and extensive areas 
of ericaceous hummock terrain were common (Barnes 
and Smith 1995). 

Olga Lakes 
The Olga Lakes area (OLG) encompassed 262 km2 

and was bounded by ocean on about 80% of its periph- 
ery. Approximately two-thirds of OLG resembled moun- 
tainous portions of SWK and ALI with respect to 
vegetation and topographic relief. The remainder of OLG 
was primarily lowland (<180 m) terrain containing her- 
baceous meadow, ericaceous hummocks, and bog or 
marsh habitat. Elevation of OLG ranged from sea level 
to 735 m. 

Karluk Lake 
The Karluk Lake (KAR) watershed included Karluk 

(38 km2), O'Malley (1 km2), and Thumb (0.5 km2) lakes 
and adjoining tributary drainages. Land area of the wa- 
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tershed totaled 267 km2. Topography of KAR was simi- 
lar to mountainous portions of SWK, ALI, and OLG ex- 
cept mountain peaks surrounding the lakes rose to higher 
elevations, ranging from 787-993 m. Midslope and up- 
land plant communities of KAR were comparable to those 
on mountainous portions of SWK, ALI, OLG; lowland 
flora of these 4 areas was also similar except for a balsam 
poplar overstory that dominated stream courses and por- 
tions of lake shores at KAR. 

METHODS 

CMR Density and Composition 
Capture-mark-resight (CMR) density estimates were 

obtained for TER and SWK in 1987 and ALI in 1993 
(Barnes and Smith 1995, Miller et al. 1997). These esti- 
mates were derived from replicate aerial surveys flown 
to estimate the ratio of marked (radiocollared) to un- 
marked bears (Miller et al. 1987). Visual searches of all 
habitat within study areas were accomplished with pilot- 
observer teams in fixed-wing aircraft. When a bear was 
sighted, we used telemetry equipment to determine 
whether or not the bear was marked. After each survey, 
we used aerial telemetry to determine which marked bears 
were in or out of the study area (available to be sighted). 

The CMR estimates at TER and SWK used bears that 
had been radiocollared for other studies (Bares 1990, 
Smith and Van Daele 1990); just prior to the CMR sur- 
veys in 1987 we radiocollared additional bears to improve 
representation of some sex-age classes in the samples. 
At ALI we radiocollared bears in 1992 and 1993 and at- 
tempted to capture animals such that sex-age classes in 
our sample approximated their proportional composition 
in the living population, using composition results from 
1987 CMR studies at TER and SWK as a guide. Within 
those allocation targets, we captured bears in the order in 
which they were found by aerial observers. Sample sizes 
of radiocollared bears were 33 for TER, 28 for SWK, and 
29 for ALI. Three, 4, and 5 replicate aerial surveys of 
TER, SWK, and ALI, respectively, were completed dur- 
ing 27 May-14 June, using experienced survey person- 
nel flying in PA- 18 Super Cub (Piper Aircraft Corp., Lock 
Haven, Pa.) floatplanes. 

We estimated population size of independent bears (ex- 
cluding offspring) and all bears on TER, SWK, and ALI 
with the maximum-likelihood estimator as detailed by 
White (1993) and Miller et al. (1997). This estimator 
provided point estimates comparable to those from Lin- 
coln-Peterson (Eberhardt 1990) and bear-days (Miller et 
al. 1987) estimators, but with consistently smaller confi- 

dence intervals (CI; Barnes and Smith 1995, Miller et al. 
1997). We determined both 80% and 95% CIs, and con- 
verted population estimates to density (bears/1,000 km2) 
estimates. Sightability of independent bears for each den- 
sity estimate was calculated as the summation of marked 
bears observed during all replicate surveys divided by 
the summation among replicates of the number of marked 
bears present on the study area. 

Population composition on TER, SWK, and ALI was 
determined by calculating Lincoln-Peterson population 
estimates for single bears (adult and subadult), females 
with new (<1 year) cubs, females with offspring >1 year, 
new cubs, and offspring >1 year. Because offspring were 
not marked, estimates were made by multiplying the popu- 
lation estimate for the maternal female class by the mean 
litter size of all families in that class observed during the 
surveys. 

Intensive Aerial Survey 
We obtained data on observation rates of unmarked 

bears (bears/hour and bears/100 km2) using intensive aerial 
surveys (IAS) of each study area. IAS were accomplished 
with the same personnel and type of aircraft used for CMR 
studies. Survey teams flew 90-150 m above the ground 
at 115-130 km/hour; the target search effort was 1.5 min/ 
km2. Study areas were partitioned into 20-150 km2 search 
areas delineated by easily-recognized geographic features. 
Pilot-observer teams and starting times (AM, PM) for 
individual search areas were alternated to minimize ob- 
server and time-of-day bias. We flew approximate 150- 
m contour intervals in mountainous terrain and 
straight-line routes spaced about 1-km apart over flat ter- 
rain. Data recorded for each sighting of a bear group 
included time, group type, and group size. 

CMR surveys provided IAS data for TER, SWK, STR 
in 1987 and ALI in 1993. Additional IAS data were col- 
lected for STR, OLG and ALI during 21-31 May 1992, 
for STR and OLG during 22-30 May 1993, and for KAR 
during 20-31 May 1994. These data were compared with 
the t-test and 1-way analysis of variance (ANOVA). 
Fisher's least significant difference (LSD) test was used 
to contrast means when ANOVA indicated a significant 
(P < 0.05) difference. The relationship between observa- 
tion rate and sightability of radiocollared bears was ex- 
amined with linear regression. 

Estimates of population size were derived from IAS 
data at OLG and KAR by dividing the mean number of 
independent bears observed during replicate surveys by 
estimated sightability. Sightability estimates were taken 
from CMR data in study areas with similar habitat com- 
ponents. 
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Population Extrapolation 
We estimated brown bear abundance on Kodiak Is- 

land and 3 small islands (Amook, Uganik, Sitkalidak) 
adjacent to Kodiak by extrapolation from CMR and 
IAS data. The area was partitioned into 21 geographic 
units based on topography, vegetative composition, 
brown bear sport harvest statistics (Abbott 1991), and 
distribution and abundance of human inhabitants. We 

assigned a density for independent bears to each geo- 
graphic unit by comparing habitat characteristics of 
that unit with those of CMR and IAS study sites. We 
assumed that habitat quality was the primary determi- 
nant of brown bear density because the sport harvest 
is regulated with a permit system that is conservative 
and distributes hunting pressure uniformly throughout 
Kodiak Island (Barnes et al. 1995). We estimated a 
lower density due to hunting on northern Kodiak Is- 
land, which supports about 90% of the human popu- 
lation and has a liberal hunting policy to maintain low 
bear density and minimize bear-human conflicts 

(Smith et al. 1989). Extrapolated densities were based 
on point estimates (CMR) for TER, SWK, and ALI, 
and on indirect estimates derived from IAS data for 
OLG and KAR. 

Population estimates for independent bears were 
based on density estimates multiplied by the area of 
individual units, less area of freshwater lakes >1 km2. 
An estimate of total bears (including offspring) for 
each geographic unit was made by multiplying num- 
ber of independent bears by the mean ratio (1.43:1) 
of total to independent bears for the 3 CMR density 
estimates (range = 1.35-1.48:1). Confidence intervals 
were not determined for independent and total popu- 
lation estimates because subjective procedures were 
used with IAS data and in the extrapolation process. 
Total population estimates were rounded to the near- 

est 100 animals. We considered extrapolated popula- 
tion estimates to represent brown bear abundance dur- 
ing spring. 

RESULTS 

CMR Density and Composition 
Brown bear density estimates from CMR data ranged 

from 216-234/1,000 km2 for independent bears and 292- 
342/1,000 km2 for all animals (Table 1). Confidence in- 
tervals averaged 24% and 39% of the point estimates, 
respectively, at the 80% and 95% levels. Confidence in- 
tervals were narrower at ALI, because of more replicate 
surveys (n = 5) and higher sightability of radiocollared 
bears (0.53), than at SWK (n = 4; 0.41) and TER (n = 3; 
0.33). 

Population composition of independent bears (single, 
female with new cubs, female with> 1 year cubs) was simi- 
lar among the 3 CMR study areas (2 = 0.952, 4 dfP= 0.917; 
Table 2). Single animals made upjust overhalf ( = 54%) of 
these populations; maternal females averaged 16% and de- 

pendent offspring averaged 30%. 

Intensive Aerial Survey 
Observation rates of independent bears ranged from 

2.9-18.0/100 km2 and 1.4-5.4/hour (Table 3). During 
CMR surveys the observation rates were lowest on TER, 
which had the highest estimated density. We attributed 
this result to low sightability; rates that independent bears 
were observed in CMR surveys were positively correlated to 

sight-ability of radiocollared bears (bears/100 km2: 
2 = 0.55, 11 df, P= 0.005; bears/hour: r2 = 0.23, 11 df, 

P= 0.11). 
Rates that bears were observed did not differ annually 

(t-tests, P> 0.05) on the 3 areas (STR, OLG, ALI) where 

Table 1. Observations, sightability, and estimated density of independent bears and of all bears (including offspring) obtained 

with mark-resight procedures on Terror Lake (TER, 1987), southwest Kodiak (SWK, 1987), and Aliulik Peninsula (ALI, 1993) 

study areas, Kodiak Island, Alaska. 

Independent bears Total bear density 

Total A/1,000c N/l',00C 
observeda Sightabilityb km2 95% CI 80% CI km2 95% CI 80% CI 

TER 80 0.33 234 192-304 204-274 342 296-409 311-381 

SWK 222 0.41 218 180-275 192-250 323 274-392 290-365 
ALI 209 0.53 216 195-247 201-235 292 270-319 277-309 

a Observations of marked and unmarked bears for all replicate surveys. 
b Mean proportion of radiocollared bears seen/survey. 
c Number of bears estimated from mark-resight data. 
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Table 2. Population composition of brown bears on Terror Lake (TER), southwest Kodiak (SWK), and Aliulik Peninsula (ALI) 
study areas based on Lincoln-Peterson estimates (N), Kodiak Island, Alaska, 1987-93. 

Study Area 

TER (1987) SWK (1987) ALI (1993) 

Bear class N SE % SE % SE % 

Single adult and 63 16 53 96 16 53 62 3 55 
subadult 

Female with new 9 1 8 11 4 6 6a 5 
cubs 

Female with >1 11 2 9 20 4 11 10 1 9 
year cubs 

Offspring 
New cubs 17 14 19 10 11 10 
>1 year cubs 18 15 35 19 24 21 

a Estimate of number of different animals observed during surveys; no marked animals were present in sample to enable a Lincoln-Peterson 
estimate. 

IAS was conducted in consecutive years (Table 3). How- 
ever, the number of bears observed on STR differed 
among all years (1987, 1992, 1993) (bears/100 km2: 
F= 10.44, 7 df, P= 0.02; bears/hour: F= 13.81, 7 df, 

P = 0.01). Observation rates in 1987 were greater than 
1992 or 1993 (Fisher's LSD tests, P< 0.05). 

Observation rates differed among study areas sur- 
veyed during 1987-94 (bears/100 km2: F= 43.98, 23 

Table 3. Observation rates during aerial surveys, estimated sightability, and estimated density of independent bears, Kodiak 
Island, Alaska, 1987-94. 

Observation rate 

Survey rate Density 
Areaa Year Replications (min/km2) Bears/hour Bears/100 km2 Sightability (bears/1,000 km2) 

TER 1987 3 1.5 3.1 7.5 0.33b 234c 

SWK 1987 4 1.5 3.5 8.8 0.41b 218C 

STR 1987 4 1.6 4.6 12.0 
1992 2 1.8 2.4 6.8 
1993 2 1.9 2.8 8.5 0.41d 190e 

ALI 1992 3 1.4 4.3 9.9 
1993 5 1.7 4.0 11.4 0.53b 216C 

OLG 1992 3 1.2 2.0 3.6 
1993 2 1.3 1.4 2.9 0.41d 80e 

KAR 1994 4 2.1 5.4 18.0 0.45d 400e 

a Area: TER = Terror Lake, SWK = southwest Kodiak, STR = Sturgeon River, ALI = Aliulik Peninsula, OLG = Olga Lakes, KAR = Karluk 
Lake. 
b Mean proportion of radiocollared bears seen/survey. c Estimated from mark-resight data. 
d Estimated by comparison with habitats where sightability was assessed from telemetry. 
e Calculated by dividing estimated sightability into mean no. bears seen/replicate. 



6 Ursus 10:1998 

df,P< 0.0001; bears/hour:F= 10.69,23 df,P = 0.0001). 
For this analysis we pooled 1992-93 data in ALI, STR, 
and OLG because observation rates did not differ within 
area in those 2 years. Also, we used 1992-93 data in 
STR because it was more recent than data collected in 
1987 (STR and SWK). The number of bears observed/ 
100 km2 was highest at KAR and lowest at OLG; bears 
seen/100 km2 was higher at ALI than TER and STR, which 
had similar observation rates (Fisher's LSD tests, 
P = 0.05). The number of bears seen/hour was also high- 
est at KAR; bears seen/hour at ALI was higher than at 
OLG and STR and did not differ from TER. The number 
of bears seen/hour did not differ among the OLG, STR 
and TER areas (P > 0.05). Variability (CV) among the 5 
study areas for bears seen/100 km2 (X = 17.0%) was less 
than for bears seen/hour (x = 25.7%). 

Estimates of density from IAS data required judgments 
on sightability of independent bears. We selected 0.41 
sightability for OLG because, with the exception of 1 

breeding pair, all bear observations at OLG were made in 
the mountainous portion that closely resembled SWK. 
The resulting population estimate was 21 bears (80 bears/ 
1,000 km2). Habitat of KAR was also similar to that of 
SWK except that KAR contained more extensive alpine 
habitat where sightability should have been similar to that 
realized on ALI (0.53). Therefore, we selected 0.45 

sightability for KAR and obtained an estimate of 107 bears 
(400 bears/1,000 km2). The sightability estimates for OLG 
and KAR were chosen to represent the upper range of 

sightability and probably resulted in conservative popu- 
lation estimates. 

Population Extrapolation 
Densities of independent bears estimated from CMR 

(216-234/1,000 km2) and IAS data (80-400/1,000 km2) 
were the basis for extrapolating densities to geographic 
units. The estimated population of independent bears on 
Kodiak Island (1,750) and 3 small islands immediately 
adjacent to Kodiak Island (50) was about 1,800 animals 

(Table 4). The corresponding density was 185 bears/1,000 
km2. The estimated total population of brown bears on 
Kodiak Island was 2,600. Estimated bear density was 

highest for the Karluk Lake watershed (independent bears, 
400/1,000 km2; total bears, 572/1,000 km2) and least for 
some exposed cape areas, a central high-elevation area 
dominated by rock and snowfield-glacier habitat, and an 
area on northeast Kodiak Island where most of the hu- 
man population resides (independent bears, 30-60/1,000 
km2; total bears, 40-90/1,000 km2). Approximately 42%, 
40%, and 18% of the total area was classed as having 
high (210-400/1,000 km2), moderate (100-200/1,000 

Table 4. Extrapolated estimates of brown bear density (bears/ 
1,000 km2) and abundance based on capture-mark-resight 
and intensive aerial survey data, Kodiak Archipelago, Alaska. 

Independent bears 

Geographic unit Area (km2) Density No. bears Total bears 

Karluk Lake' 313 400 125 179 
Uyak Bay 554 240 133 190 
Deadman Bay 373 240 90 129 
Zachar-Uganik 1546 230 356 509 
Terror Lakeb 580 220 128 183 
North Aliulikc 663 220 146 209 
South Aliulikc 174 210 37 53 
Red Laked 1417 200 283 405 
Kiliuda Bay 969 190 184 263 
Sheratin Bay 111 170 19 27 
Uganik Island 148 160 24 34 
Kupreanof 225 160 36 51 
Larsen Bay 339 150 51 73 
Hidden Basin 295 130 38 54 
Little River 246 120 30 43 
Anton Larsen 171 120 21 30 
Halibut Bay 256 90 23 33 
Sitkalidak Island 303 70 21 30 
Koniag Peak 171 60 10 14 
Chiniak Bay 834 50 42 60 
Alitak Baye 246 30 7 10 

Totals 9934 1804 2579 

Rounded population 1800 2600 
estimates 

a Includes Karluk Lake study area. 
b Includes Terror Lake study area. 
c Includes part of the Aliulik study area. 
d Includes southwest Kodiak study area and part of Olga Lakes 

study area. 
e Includes part of Olga Lakes study area 

km2), and low (20-90/1,000 km2) density of independent 
bears, respectively (Fig. 2). 

DISCUSSION 
The CMR density estimates for 1987 and 1993 were 

obtained in areas that encompassed about 1,340 km2 
(14%) of Kodiak Island and represented most of the habi- 
tat diversity of the island. Aerial survey data were ac- 

quired on an additional 530 km2 (6%). In total these 
data represented about 20% of Kodiak Island's habitat 
and thus provided a reasonable basis for extrapolating 
density estimates to the remainder of the island. Al- 

though the 3 CMR estimates were similar, survey (IAS) 
data provided evidence that lower and higher bear den- 
sities occurred elsewhere. In particular, our estimate of 
570 bears/1,000 km2 for the Karluk Lake drainage is 
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comparable to the estimate (640/1,000 km2) reported for 
the same area by Troyer and Hensel (1964). The Karluk 
Lake area may support a brown bear density similar to 
that (540/1,000 km2) observed in Katmai National Park 
(Sellers et al. 1994, Miller et al. 1997). 

We confined our population extrapolation to Kodiak 
Island and 3 nearby islands with similar habitat compo- 
nents. We avoided extrapolating density estimates to 
the remainder of the Kodiak Archipelago north of Kodiak 
Island (Fig. 2) because, unlike Kodiak Island, Sitka 
spruce dominates much of that area. However, sport 
harvest data and field observations indicate that those 
islands (about 19% of the archipelago land mass) sup- 
port generally lower bear densities than Kodiak Island 
and probably <12% of the bear population of the Archi- 
pelago (Barnes and Smith 1995). 

Our estimate of 1,750 independent bears for Kodiak 
Island was 5% higher than an earlier population esti- 
mate based on the 1987 CMR data (Barnes et al. 1988). 
This disparity represents adjustments based primarily on 
CMR and IAS data collected during 1992-94 and should 
not be interpreted as representing a population trend. 
The improved population estimate that resulted from ap- 

Independent Bear Density . 
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Fig. 2. Estimated density of independent brown bears on 
Kodiak Island, Alaska. 

plication of 1992-94 data underscores the need to con- 
tinually update the information base. Currently there is 
a need for improved population data for Afognak, Rasp- 
berry, and Shuyak Islands and the east side of Kodiak 
Island. 

Estimates of population composition on the 3 CMR 
study areas did not differ and likely provide a reason- 
able approximation of the present structure of the Kodiak 
Island population. On another area of high bear density 
on the Alaska Peninsula, Sellers (1994) estimated that 
maternal females composed 18% of the population. This 
estimate is close to the range we observed (14-17%) 
and indicates that the 2 bear populations, both of which 
are managed for sport harvest, have a comparable popu- 
lation structure. Sellers et al. (1994) provided evidence 
that an unexploited population in Katmai National Park 
had a lower proportion of maternal females. 

Several previous investigations used observation rate 
(bears/hour) to estimate brown bear density or popula- 
tion trend. Miller et al. (1997) noted a correlation be- 
tween bears/hour and density, but indicated that density 
could not be predicted on unstudied areas. Titus and 
Beier (1993) arrived at a similar conclusion based on 
bear/hour rates recorded for Admiralty and Chichagof 
Islands in Southeast Alaska. Sellers et al. (1994) used 
bears/hour rates to estimate bear density and, despite 
substantial variation, concluded that estimates derived 
by that procedure have use for bear management. These 
workers had the same basic objective that we had, to 
develop cost-effective procedures to index population 
size. This need has become increasingly more impor- 
tant because density estimates requiring the capture and 
marking of animals are very costly. 

We used observation rates of bears both as a means 
of estimating density and to establish a base for mea- 
suring population trend. We employed observation rates 
to estimate density by using sightability data from other 
areas with similar habitat. However, we concur with 
Miller et al's. (1997) contention that observation rates 
can be misleading without habitat-specific sightability 
data. We observed consistent results between consecu- 
tive years on areas where year to year change in density 
of independent bears was unlikely. This suggests that 
observation rates may have utility for monitoring popu- 
lation trend. However, we observed decreased observa- 
tion rates on 1 area (STR) over a 5-year period that could 
have been caused by sample variation (limited replica- 
tion), decreased density, or a shift in bear distribution. 
Titus and Beier (1993) reported high variability between 
daily bear counts and indicated that utility of observa- 
tion rates might vary by area. These results indicate the 

c;l"~ 
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need for additional assessment of observation rates in a 

variety of habitats. 
We observed less variation in bears observed/unit area 

than bears observed/unit time. This finding probably 
was attributable to the variable weather (survey) con- 
ditions typically encountered on Kodiak Island. Small 

changes in wind direction and velocity, light intensity, 
and the distribution of cloud cover and fog can affect 
the time required to complete searches of specific habi- 
tats. These changes, which often occur within indi- 
vidual surveys, probably affect bears/hour rates more 
than bears/100 km2 rates. 

Use of aerial survey methods (CMR, IAS) to acquire 
brown bear population data on Kodiak Island is com- 

promised by a relatively short time within which the 
work can be accomplished. Surveys cannot be initi- 
ated prior to the end of spring hunting season (15 May) 
because the procedure would interfere with hunters. 
Also, many bears do not emerge from winter dens prior 
to mid-May (Van Daele et al. 1990, Miller et al. 1997). 
Surveys should be completed prior to substantial leaf- 
out (usually 1-10 Jun). Finally, inclement weather of- 
ten limits the number of surveys that can be completed 
within the short time. These factors can vary annually 
and therefore reduce the ability to detect population 
change. Nonetheless, we suggest that both CMR and 
IAS procedures yield data useful for bear management. 

The CMR and IAS methods produce different types 
of information that can be complementary. CMR yields 
more precise density estimates than IAS and contrib- 
utes sightability data necessary when IAS is used to 
estimate density on areas of similar habitat. Similarly, 
estimates of population composition are obtainable from 
CMR but not from IAS data. The CMR procedure, 
however, is too costly to employ as a standard man- 

agement tool. Completion of a CMR study on Kodiak 
Island requires a minimum of 2 years (1 year of 

premarking) and a total operations budget (exclusive 
of salaries) of approximately $40,000 ($US 1996). An 
IAS on the same area and with the same number of 

surveys would require 1 year and about $10,000. 
IAS can be used on Kodiak Island as a cost-effec- 

tive method for estimating bear density and as a basis 
for measuring moderate (5 year) to long-term (>10 year) 
population trends. Periodic application of a CMR esti- 
mate would be advisable to further calibrate and im- 

prove utility of IAS. The IAS procedure can be used 
to alert managers to a developing problem and to de- 
termine the need for more precise population informa- 
tion (e.g. CMR density and composition estimates). 

MANAGEMENT IMPLICATIONS 
Management of the brown bear sport harvest on Kodiak 

Island is directed at providing high quality hunting op- 
portunity and maintaining a diversity of sex and age 
classes. The population estimates detailed in this paper 
have been applied to specific management units to calcu- 
late harvest rates (Miller 1990) and refine management 
strategy. Additionally, density and composition estimates 
will be employed in modeling exercises to develop guide- 
lines for different population components. Developing 
harvest guidelines for adult females and setting measur- 
able objectives for diversity in population composition, 
including adequate representation of large adult males, 
are considered important priorities. 

Density estimates have also been used to establish pri- 
orities for land protection. Important components of 
brown bear habitat occur on inholdings within the Kodiak 
NWR; increased recreational activity on these lands could 

seriously affect bears on localized areas. Protection op- 
tions include land acquisition or exchange, conservation 
easements, and cooperative agreements (USFWS 1992). 

Effective monitoring of brown bear population trends 
on Kodiak Island is a key management objective. The 
CMR procedures we used in this study can be repeated in 
later years to assess effects of specific projects or deter- 
mine long-term trends (Miller et al. 1987, Ballard et al. 
1990, Schoen and Beier 1990, Smith and Van Daele 

1990). IAS can be used on representative areas to supple- 
ment CMR information and as a less expensive alterna- 
tive to CMR. The IAS procedure has been implemented 
as a standard inventory project of the Kodiak NWR; the 

inventory plan is to survey 1-2 study sites each year so 
that current data will be available for each site at approxi- 
mate 5 year intervals. 

LITERATURE CITED 
ABBorT, S.M., EDITOR. 1991. Brown bear-Annual performance 

report of survey-inventory activities. Vol. XXII, Part V. 
Alaska Dep. Fish and Game, Fed. Aid in Wildl. Restor. Proj. 
W-23-4, Study 4.0. 271pp. 

ATWELL, G., D.L. BOONE, J. GUSTAFSON, AND V.D. BERNS. 1980. 
Brown bear summer use of alpine habitat on the Kodiak 
National Wildlife Refuge. Int. Conf. Bear Res. and Manage. 
4:297-305. 

BALLARD, W.B., K.E. RONEY, L.A. AYRES, AND D.N. LARSEN. 

1990. Estimating grizzly bear density in relation to 

development and exploitation in northwest Alaska. Int. Conf. 
Bear Res. and Manage. 8:405-413. 

BARNES, V.G., JR. 1990. The influence of salmon availability 
on movements and range of brown bears on southwest 



BROWN BEAR ABUNDANCE ON KODIAK ISLAND * Barnes and Smith 9 

Kodiak Island. Int. Conf. Bear Res. and Manage. 8:305- 
313. 

,AND R.B. SMITH. 1995. Brown bear density estimation 
and population monitoring on southwest Kodiak Island, 
Alaska-Final Report. U.S. Natl. Biol. Serv. and Alaska Dep. 
Fish and Game, Kodiak, Alas. 42pp. 

, M.S. UDEVITZ, AND J.R. BELLINGER. 1995. 
Kodiak brown bears. Pages 349-350 in E.T. LaRoe, G.S. 
Farris, C.E. Puckett, P.D. Doran, and M.J. Mac, eds. Our 
living resources: a report to the nation on the distribution, 
abundance, and health of U.S. plants, animals, and 
ecosystems. U.S. Dep. Inter. Natl. Biol. Serv., Washington, 
D.C. 530pp. 

, AND L.J. VAN DAELE. 1988. Density estimates 
and estimated population of brown bears on Kodiak and 
adjacent islands, 1987. U.S. Dep. of Inter. Fish and Wildl. 
Serv. and Alaska Dep. Fish and Game, Rep. to Kodiak 
Brown Bear Res. and Hab. Maintenance Trust, Kodiak, Alas. 
34pp. 

BERNS, V.D., G.C. ATWELL, AND D.L. BOONE. 1980. Brown 
bear movements and habitat use at Karluk Lake, Kodiak 
Island. Int. Conf. Bear Res. and Manage. 4:293-296. 

EBERHARDT, L.L. 1990. Using radio-telemetry for mark- 

recapture studies with edge effects. J. Appl. Ecol. 27:259- 
271. 

KARLSTROM, T.N.V., AND G.E. BALL, EDITORS. 1969. The Kodiak 
Island refugium: its geology, flora, fauna, and history. The 
Ryerson Press, Toronto, Can. 262pp. 

MILLER, S.D. 1990. Population management of bears in North 
America. Int. Conf. Bear Res. and Manage. 8:357-373. 

, E.F. BECKER, AND W.B. BALLARD. 1987. Black and 
brown bear density estimation in Alaska using radiotelemetry 
and replicated mark-resight techniques. Int. Conf. Bear 
Res. and Manage. 7:23-25. 

, G.C. WHITE, R.A. SELLERS, H.V. REYNOLDS, J.W. 
SCHOEN, K. TITUS, V.G. BARNES, JR., R.B. SMITH, R. NELSON, 
W.B. BALLARD, AND C.C. SCHWARTZ. 1997. Brown and black 
bear density estimation in Alaska using radiotelemetry and 
replicated mark-resight techniques. Wildl. Monogr. 133. 
55pp. 

SCHOEN, J.W., AND L.R. BEIER. 1990. Brown bear habitat 
preferences and brown bear logging and mining relationships 
in Southeast Alaska. Alaska Dep. Fish and Game, Fed. Aid 

in Wildl. Restor. Final Rep., Proj. W-23-3, Study 4.17, 
Juneau. 90pp. 

, R.W. FLYNN, L.H. SURING, K. TITUS, AND L.R. BEIER. 
1994. Habitat-capability model for brown bear in southeast 
Alaska. Int. Conf. Bear Res. and Manage. 9:327-337. 

SELLERS, R.A. 1994. Dynamics of a hunted brown bear 
population at Black Lake, Alaska-1993 Annual Progress 
Report. Alaska Dep. Fish and Game, King Salmon. 62pp. 

, S.D. MILLER, T.S. SMITH, AND R. POTTS. 1994. 
Population dynamics and habitat partitioning of a naturally 
regulated brown bear population on the coast of Katmai 
National Park-1993 Annual Progress Report. Alaska Dep. 
Fish and Game, King Salmon. 35pp. 

SMITH, R.B., V.G. BARNES, JR., AND L.J. VAN DAELE. 1989. 
Brown bear-human conflicts in the Kodiak Archipelago, 
Alaska. Pages 111-119 in M. Bromley, ed. Proc. symp. 
bear-people conflicts, Northwest Territ., Can. Gov. of 
Northwest Territ., Yellowknife, Northwest Territ. 

, AND L.J. VAN DAELE. 1990. Impacts of hydroelectric 
development on brown bears, Kodiak Island, Alaska. Int. 
Conf. Bear Res. Manage. 8:93-103. 

TITUS, K., AND L.R. BEIER. 1993. Population and habitat ecology 
of brown bears on Admiralty and Chichagof Islands. Alaska 
Dep. Fish and Game, Fed. Aid in Wildl. Restor. Res. Prog. 
Rep., Proj. W-24-1, Study 4.22, Juneau. 40pp. 

TROYER, W.A., AND R.J. HENSEL. 1964. Structure and 
distribution of a Kodiak bear population. J. Wildl. Manage. 
28:769-772. 

U.S. FISH AND WILDLIFE SERVICE. 1992. Kodiak National 
Wildlife Refuge, land protection plan: options for the 
protection of fish and wildlife habitats. U.S. Dep. Inter. 
Fish and Wildl. Serv., Reg. 7, Anchorage. 44pp. 

1993. Kodiak National Wildlife Refuge, final public 
use management plan and environmental assessment. U.S. 
Fish and Wildl. Serv., Kodiak, Alas. 202pp. 

VAN DAELE, L.J., V.G. BARNES, JR., AND R.B. SMITH. 1990. 
Denning characteristics of brown bears on Kodiak Island, 
Alaska. Int. Conf. Bear Res. and Manage. 8:257-267. 

WHITE, G.C. 1993. Evaluation of radio tagging marking and 
sighting estimators of population size using Monte Carlo 
simulations. Pages 71-103 in J.D. Lebreton and P.M. North, 
eds. Marked individuals in the study of bird populations. 
Birkhiiuser Verlag, Basal, Switzerland. 


	Article Contents
	p. [1]
	p. 2
	p. 3
	p. 4
	p. 5
	p. 6
	p. 7
	p. 8
	p. 9

	Issue Table of Contents
	Ursus, Vol. 10, A Selection of Papers from the Tenth International Conference on Bear Research and Management, Fairbanks, Alaska, July 1995, and Mora, Sweden, September 1995 (1998), pp. i-xii+1-624
	Front Matter [pp.  i - ix]
	Foreword [p.  x]
	Preface [pp.  xi - xii]
	Ecology: Bears and Their Biology
	Estimates of Brown Bear Abundance on Kodiak Island, Alaska [pp.  1 - 9]
	Status of Brown Bears in Kamchatka, Russian Far East [pp.  11 - 16]
	Living with Success: Research Needs for an Expanding Brown Bear Population [pp.  17 - 23]
	Survival and Reproductive Rates for Polar Bears at Svalbard [pp.  25 - 32]
	Polar Bears of the Severnaya Zemlya Archipelago of the Russian Arctic [pp.  33 - 40]
	Reproductive Characteristics of Grizzly Bears in the Kugluktuk Area, Northwest Territories, Canada [pp.  41 - 47]
	Population Responses of Black Bears following Oak Mortality Induced by Gypsy Moths [pp.  49 - 54]
	Encounter Competition between Bears and Cougars: Some Ecological Implications [pp.  55 - 60]
	Split Parturition in a Black Bear [pp.  61 - 62]
	Reproductive Characteristics of Captive European Brown Bears and Growth Rates of Their Cubs in Russia [pp.  63 - 65]

	Management and Conservation of Bear Populations
	Conservation of Small Bear Populations through Strategic Planning [pp.  67 - 73]
	The Brown Bear in Carinthia: History and Status in Southern Austria [pp.  75 - 79]
	Current Status and Conservation Needs of Brown Bears in the Polish Carpathians [pp.  81 - 86]
	Status of Wild Andean Bears and Policies for Their Management [pp.  87 - 100]
	Protected Areas for the Andean Bear in South America [pp.  101 - 106]
	Analysis of Cumulative Effects on Brown Bears on the Kenai Peninsula, Southcentral Alaska [pp.  107 - 117]
	Problems with Conservation and Sustainable Use of Polar Bears in the Russian Arctic [pp.  119 - 127]
	Changes in Mortality of Yellowstone's Grizzly Bears [pp.  129 - 138]
	Resilience of a Minnesota Black Bear Population to Heavy Hunting: Self-Sustaining Population or Population Sink? [pp.  139 - 146]
	Grizzly Bear Recovery Efforts in the Cabinet/Yaak Ecosystem [pp.  147 - 153]
	A Summary of Bear Management in Glacier National Park, Montana, 1960-1994 [pp.  155 - 159]
	Trade in Brown Bear Gall Bladders in Russia [pp.  161 - 166]
	Traffic Kills of Brown Bears in Gorski Kotar, Croatia [pp.  167 - 171]
	Harvest History of Brown Bears in the Oshima Peninsula, Hokkaido, Japan [pp.  173 - 180]

	Management and Conservation of Bear Habitats
	A Female Black Bear Denning Habitat Model Using a Geographic Information System [pp.  181 - 185]
	An Integrated Satellite Technique to Evaluate Grizzly Bear Habitat Use [pp.  187 - 201]
	Models for Predicting Occupied Black Bear Habitat in Coastal North Carolina [pp.  203 - 207]
	Preliminary Evaluation of GPS Collars for Analysis of Habitat Use and Activity Patterns of Black Bears [pp.  209 - 217]
	Complex Movement and Scale-Free Habitat Use: Testing the Multi-Scaled Home-Range Model on Black Bear Telemetry Data [pp.  219 - 234]
	Grizzly Bear Habitat Effectiveness Model for Banff, Yoho, and Kootenay National Parks, Canada [pp.  235 - 241]
	Habitat Preferences of Polar Bears in the Hudson Bay Lowlands during Late Summer and Fall [pp.  243 - 250]
	Den Use and Social Interactions of Polar Bears during Spring in a Dense Denning Area on Herald Island, Russia [pp.  251 - 258]
	Black Bear Home Range Dynamics and Movement Patterns during a Gypsy Moth Infestation [pp.  259 - 267]
	Brown Bear Use of Ant Mounds in Scandinavia [pp.  269 - 274]
	Selection of Denning Caves by Brown Bears in Trentino, Italy [pp.  275 - 279]
	Brown Bear Habitat Quality in Gorski Kotar, Croatia [pp.  281 - 291]
	Spring Foraging and Forest Damage by Black Bears in the Central Coast Ranges of Oregon [pp.  293 - 298]

	Genetics of Bears
	Ecological Genetic Studies of Bears Using Microsatellite Analysis [pp.  299 - 306]
	A Comparison of Genetic Diversity in North American Brown Bears [pp.  307 - 314]
	Phylogeography of Brown Bears in Europe and Excremental PCR: The New Tool in the Genetic Analysis of Animals in the Wild [pp.  315 - 321]
	Use of Microsatellite DNA Analyses to Infer Breeding Behavior and Demographic Processes in an Arctic Grizzly Bear Population [pp.  323 - 327]
	Patterns of Genetic Diversity in a Black Bear Population Indicate Recent Immigration [pp.  329 - 333]
	Genetic Variation in Black Bear Populations from Louisiana and Arkansas: Examining the Potential Influence of Reintroductions from Minnesota [pp.  335 - 341]

	Bears, People, and Public Attitudes
	Bear in Human Imagination and in Ritual [pp.  343 - 347]
	The Role of Human Dimensions in Wildlife Resource Research in Wildlife Management [pp.  349 - 355]
	Attitudes toward and Relative Value of Alaskan Brown and Black Bears to Resident Voters, Resident Hunters, and Nonresident Hunters [pp.  357 - 376]
	Bear-Inflicted Human Injuries in Yellowstone National Park, 1970-1994 [pp.  377 - 384]
	Fishing Bridge: 25 Years of Controversy regarding Grizzly Bear Management in Yellowstone National Park [pp.  385 - 393]
	Bear-Human Conflict Management in Denali National Park and Preserve, 1982-94 [pp.  395 - 403]

	Research Methods and Techniques
	Testing Assumptions in Bear Research: Using Statistical Power Analysis to Estimate Effects of Den Type on Black Bear Cub Survival [pp.  405 - 411]
	Identifying and Mitigating Errors in Satellite Telemetry of Polar Bears [pp.  413 - 419]
	Methodology for Maintaining Observer Independence in Aerial Strip Transect Surveys [pp.  421 - 425]
	Aerial Sightability and Classification of Grizzly Bears at Moth Aggregation Sites in the Absaroka Mountains, Wyoming [pp.  427 - 435]
	Calculating Average Age of First Reproduction Free of the Biases Prevalent in Bear Studies [pp.  437 - 447]
	Evaluation of Age Determination of Polar Bears by Counts of Cementum Growth Layer Groups [pp.  449 - 453]
	A Method for Dating Tetracycline Biomarkers in Black Bear Cementum [pp.  455 - 458]
	Review and Evaluation of Breakaway Devices for Bear Radiocollars [pp.  459 - 465]

	Physiology, Behavior, and Evolution
	Physiology of Hibernation in Bears [pp.  467 - 477]
	Diet and Morphology of Extant and Recently Extinct Northern Bears [pp.  479 - 496]
	Reproductive Characteristics of the Male Grizzly Bear in the Continental United States [pp.  497 - 501]
	Bears as Induced Ovulators: A Preliminary Study [pp.  503 - 505]
	A Comparative Bear Model for Immobility-Induced Osteopenia [pp.  507 - 520]
	Spring Weight Changes in Black Bears in Northcentral Minnesota: The Negative Foraging Period Revisited [pp.  521 - 531]
	Field Use of Capsicum Spray as a Bear Deterrent [pp.  533 - 537]
	Temporal and Spatial Activity Patterns among Coastal Bear Populations [pp.  539 - 546]
	Brown Bear Diurnal Activity and Human Use: A Comparison of Two Salmon Streams [pp.  547 - 555]
	Responses of Brown Bears to Human Activities at O'Malley River, Kodiak Island, Alaska [pp.  557 - 561]
	Effects of Capture Procedures on Black Bear Activity at an Alaskan Salmon Stream [pp.  563 - 569]
	Food Competition and Grouping Behavior of Orphaned Brown Bear Cubs in Russia [pp.  571 - 574]
	Male-Instigated Break-up of a Family of Black Bears [pp.  575 - 578]
	Adaptation of Blind Brown Bears to a New Environment and Its Residents: Stereotypy and Play as Welfare Indicators [pp.  579 - 587]

	Special Workshop on Recovery of Grizzly Bears in North America
	Introduction to a Panel Discussion: Recovery of Threatened Grizzly Bear Populations in North America [p.  589]
	The Grizzly Bear Recovery Program: Current Status and Future Considerations [pp.  591 - 596]
	Status of the Yellowstone Grizzly Bear Population: Has It Recovered, Should It Be Delisted? [pp.  597 - 602]
	New Approaches to Citizen Participation in Endangered Species Management: Recovery in the Bitterroot Ecosystem [pp.  603 - 606]
	Maintaining Viability of Brown Bears along the Southern Fringe of Their Distribution [pp.  607 - 611]
	Experiences with a Committee of User Groups Examining Grizzly Bear Restoration in Idaho [pp.  613 - 614]

	Back Matter [pp.  615 - 624]



