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Abstract

The fundamental niche of a species is rarely if ever realized because the presence
of other species restricts it to a narrower range of ecological conditions. Additionally,
distribution theory predicts that for two competing species living in sympatry, the
subordinate species will be constrained from optimal resources. This constraint would
result in use of lower quality resources by the subordinate species and possible spatial
segregation from the dominant species. I evaluated diet in relation to body condition and
reproduction for sympatric brown bears (Ursus arctos) and American black bears (U.
americanus) in southcentral Alaska during 1998-2000, and assessed spatial segregation
and habitat selection in 2000. Based on isotopic analysis, salmon (Onchorhynchus spp.)
predominated in brown bear diets (>53% annually) whereas black bears assimilated 0-
25% salmon annually. Black bears did not exploit salmon during 1998, a year with
below average spawning numbers, probably because brown bears deterred black bear
access to salmon. Enhanced body condition (as indexed by increased percent body fat)
from salmon consumption resulted in better body condition the following spring.
Further, black bear reproduction was directly related to body condition; reproductive
rates were reduced when body condition was poorer. Analyses of radio location data
confirmed that 24-hour monitoring of bears was necessary to determine habitat use and
that habitat use varied seasonally. Black bears avoided areas occupied by brown bears
during summer, supporting the ideal despotic distribution model. In contrast, black bears

selected areas where brown bears were present during spring, presumably because of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



iv
spatially-restricted (i.e., restricted to low elevations) but dispersed availability of food.
Similarities in preferred and potentially limited resources resulted in co-occupancy of
areas at intermediate to coarse spatial resolutions; however, spatial avoidance of brown
bears and black bears influenced population-level use of resources. Further, the realized
niche of black bears was constrained by brown bears through partitioning of food
resources, which varied among years. Reduced access to salmon caused black bears to
forage more extensively in areas containing less nutritious food, resulting in lowered
body condition and subsequent lowered reproduction. Coexistence of these species in
this study area appears dependent on the distribution, abundance, and availability of

salmon and berries.
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INTRODUCTION

The set of resources a species can use in the absence of competition and other biotic
interactions has been defined as the fundamental niche (Krebs 2001). A species’
fundamental niche is rarely achieved because the presence of other species restricts it to a
narrower range of ecological conditions (Caughley and Sinclair 1994), or the realized
niche. Ecologically similar species partition resources depending on several factors,
including species’ abundance and resource availability. If the resource being partitioned
is food, variation in food abundance and consequent exploitation could affect individual
fitness and ultimately demographics of a species.

How species are distributed across a landscape can also provide insight regarding
partitioning of resources between species. Spatial selection of resources is typically
referred to as habitat selection (Erickson et al. 2001, Manly et al. 2002); habitat selection
occurs at the individual level within a species. Fretwell (1972) originated a theory and
developed two models explaining habitat selection. The ideal free distribution model
states that habitat suitability is related inversely to the density of the species occupying
that habitat. When animal density decreases suitability of the most suitable habitat to that
of the second most suitable habitat, individuals will begin to occupy the second habitat.
The ideal despotic distribution model may have application to species exhibiting
territorial behavior (Fretwell 1972). In this model, aggressive behavior of individuals
may force subordinate animals to occupy lower quality habitat. Applying this theory to
two species implies the subordinate species would be constrained from optimal habitat by

the dominant species, causing the subordinate species to use less suitable habitat.
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The geographic ranges of American black (Ursus americanus) and brown (U.
arctos) bears overlapped extensively in North America prior to European settlement
(Herrero 1972). In Alaska, brown and black bears coexist throughout much of the state
(Jonkel 1987, Kolenosky and Strathearn 1987), although black bears are more typically
found in forested areas (Stirling and Derocher 1990, Miller et al. 1997). Herrero (1978)
suggested that differences in behavior and morphology allowed brown bears to better
exploit open areas whereas black bears were better adapted to more forested areas.
Because of similarities between these species, Jonkel (1984) stated that niche separation
must occur to allow coexistence. McLellan (1993) suggested that coexistence can occur
in forested areas with diverse (e.g., ungulates, berries, salmon) and widely distributed
food sources. Brown bears are considered the most dominant predator of black bears and
can exclude black bears through interference competition, particularly if resources are
patchy (McLellan 1993). Reported fneans of coexistence between brown and black bears
include spatial separation (Aune 1994), temporal differences in activity (Shaffer 1971,
MacHutchon et al. 1998, Holm et al. 1999), and use of different foods (Jacoby et al.
1999). Most frequently, studies of sympatric brown and black bears have emphasized
differences in habitat (resource) use to describe coexistence (Kasworm and Their 1990;
Aune 1994; Holm et al. 1999).

The overall goal of this project was to document how resources were partitioned
by brown and American black bears in southcentral Alaska. Specifically, I investigated
aspects of diet and use of habitats to address allocation of spatial and food resources. To

address food resources I used isotopic analyses to estimate the assimilated diet of
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sympatric brown and black bears before and during spawning salmon runs. I then related
the composition of their assimilated diets to body condition and reproduction. My goal
was to examine whether partitioning of food resources occurred between these species,
and if it occurred, how it affected one or both species. My specific objectives were: 1) to
estimate the seasonal assimilated diets of brown and black bears, 2) to determine if
resource partitioning with brown bears precluded black bear use of salmon, a preferred
food, 3) to assess whether body condition was influenced by proportion of salmon
assimilated in the diet, 4) to quantify the effects of season and hibernation on body
condition, and 5) to determine if body condition affected reproduction. I hypothesized
that if food resources were limited, black bears would be restricted from access to
salmon, reducing body condition and possibly reproductive performance.

To address spatial allocation of resources between species, I initially conducted
simulations using preliminary bear telemetry data to evaluate the number of relocations
necessary to estimate seasonal and pooled seasonal home ranges for individuals. I also
assessed variation in diel and seasonal habitat use by individuals and species to determine
necessary timing of data acquisition to ensure data collection adequately represented bear
use of spatial resources. My goal was to determine sampling requirements necessary to
describe black and brown bear home range and habitat use. Specific objectives were 1)
to evaluate the efficacy of global positioning system (GPS) collars on black and brown
bears, 2) to determine the precision of annual and seasonal home ranges using minimum
convex polygon (MCP) and fixed kernel methods, and 3) to determine if habitat use

differs between seasons and by time of day.
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I then used categorical and continuous habitat attributes to develop population-
level resource selection models for brown and American black bears. Specifically, I
wanted to estimate which habitat attributes were selected seasonally by each species and
whether these species were spatially segregated. Considering black bear the subordinate
species (Jonkel and Cowan 1971, Murie 1981, Mattson et al. 1992), I hypothesized that
black bears would avoid areas occupied by brown bears during spring and summer,
following the ideal despotic distribution model (Fretwell 1972). To potentially increase
support for this model, I also assessed mutual avoidance by estimating relative brown
bear use of areas containing black bears.

I then tested several hypotheses related to brown and black bear seasonal use of
specific habitat attributes. As brown bears in this part of Alaska den at high elevations
(Miller 1990), I hypothesized seasonal nonlinear use of elevation (Waller and Mace 1997,
McLellan and Hovey 2001, Nielsen et al. 2002). I expected brown bears to move from
higher elevation denning areas during spring to access new growth of vegetation
occurring at lower elevations (Mace and Waller 1997) and then move from lower to high
elevations in late summer prior to the onset of denning. Because of the importance of
salmon to brown bears (Hilderbrand et al 1999, Jacoby et al. 1999), I also hypothesized
that in summer brown bears would occupy areas near streams to exploit spawning
salmon.

I expected that black bears would select vegetation types in spring that contained
new growth of vegetation (e.g., grasses, poplar leaves), considered important to their diet

during this time of year (Kolenosky and Strathearn 1987), and that black bears would
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exhibit nonlinear use of elevation during summer in response to vegetation types
containing berries. Specifically, I hypothesized black bears to select the dwarf
shrub/herbaceous habitat that generally occurred at mid elevations. This habitat
contained crowberry (Empetrum nigrum) and blueberry (Vaccinium spp.); berries are
important to black bear diets throughout much of their geographic range (Kolenosky and

Strathearn 1987).
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INTERSPECIFIC RESOURCE PARTITIONING IN SYMPATRIC URSIDS'

Abstract The fundamental niche of a species is rarely if ever realized because the
presence of other species restricts it to a narrower range of ecological conditions. The
effects of this narrower range of conditions define how resources are partitioned.
Resource partitioning has been inferred but not demonstrated previously for sympatric
ursids. We estimated assimilated diet in relation to body condition (body fat and lean and
total body mass) and reproduction for sympatric brown (Ursus arctos) and American
black (U. americanus) bears in southcentral Alaska, 1998-2000. Based on isotopic
analysis of blood and keratin in claws, salmon (Oncorhynchus spp.) predominated in
brown bear diets (>53% annually) whereas black bears assimilated 0-25% salmon
annually. Black bears did not exploit salmon during a year with below average spawning
numbers, probably because brown bears deterred black bear access to salmon. Proportion
of salmon in assimilated diet was consistent across years for brown bears and represented
the major portion of their diet. Body size of brown bears in the study area approached
mean body size of several coastal brown bear populations, demonstrating the importance
of salmon availability to body condition. Black bears occurred at a comparable density
(body mass:body mass) but body condition varied and was related directly to the amount

of salmon assimilated in their diet. Both species gained most lean body mass during

'Belant JL, Kielland K, Follmann EH, Adams LG (2006) Interspecific resource
partitioning in sympatric ursids. Ecol Appl 16:in press
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spring and all body fat during summer when salmon were present. Improved body
condition (i.e., increased percent body fat) from salmon consumption reduced catabolism
of lean body mass during hibernation, resulting in better body condition the following
spring. Further, black bear reproduction was directly related to body condition;
reproductive rates were reduced when body condition was lower. High body fat content
across years for brown bears resulted in consistently high reproductive levels. We
suggest the fundamental niche of black bears was constrained by brown bears whose
presence reduced access to salmon for black bears, which varied among years. Reduced
exploitation of salmon caused black bears to rely more extensively on less reliable (e.g.,
moose [A4lces alces]) or nutritious food sources (e.g., berries) resulting in lowered body

condition and subsequent reproduction.

Key Words Diet * bears ' Ursus spp. ' salmon ' Oncorhynchus spp.

Introduction

The set of resources a species can use in the absence of competition and other biotic
interactions has been defined as the fundamental niche (Krebs 2001). A species’
fundamental niche is rarely achieved because the presence of other species restricts it to a
narrower range of ecological conditions (Caughley and Sinclair 1994), or the realized
niche. Ecologically similar species partition resources depending on several factors

including species’ abundance and resource availability. If the resource being partitioned
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is food, variation in food abundance and consequent exploitation could affect individual
fitness and ultimately demographics of a species.

The geographic ranges of American black and brown bears overlapped
extensively in North America prior to European settlement (Herrero 1972). Herrero
(1978) suggested that where these two species occurred in sympatry, differences in
behavior and morphology allowed brown bears to better exploit open areas whereas black
bears were better adapted to more forested areas. Because of similarities between these
species, Jonkel (1984) stated that niche separation must occur to allow coexistence. In
Alaska, brown and black bears still coexist throughout much of the state (Kolenosky and
Strathearn 1987; Jonkel 1987), although black bears are more typically found in forest-
dominated areas (Miller et al. 1997). Many studies of sympatric brown and black bears
have emphasized differences in habitat use to explain coexistence (Kasworm and Their
1990; Aune 1994; Holm et al. 1999). Other reported means of coexistence between
brown and black bears include spatial separation (Aune 1994), temporal differences in
activity (Shaffer 1971; Holm et al. 1999), and use of different foods (Jacoby et al. 1999).

Numerous diet studies of bears have been conducted, including areas where black
and brown bears are sympatric (Lloyd and Fleck 1977; Kendall 1983; Holm 1998; Aune
1994; Jacoby et al. 1999). Considerable variation in dietary overlap can occur, ranging
from extensive overlap (Aune 1994) to complete exclusion of certain food items (Jacoby
et al. 1999). However, these studies did not quantify direct effects of dietary overlap on
individuals of either species. Most previous studies of bear diets were based on scat

analyses, which has several shortcomings including diets are estimated at a population
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level rather than the individual level, highly digestible food items (e.g., meat) are
underrepresented, and the nutritional importance of various food items is not incorporated
(Hilderbrand et al. 1999). More recently, stable isotope analyses have been used to
estimate assimilated diet of individuals animals (Kelly 2000), including bears
(Hilderbrand et al. 1996, 1999; Jacoby et al. 1999; Hobson et al 2000). Isotopic analyses
provide estimates of assimilated nutrients and can overcome some of the shortcomings of
scat analyses.

Several reproductive parameters including age of first reproduction, interbirth
interval, litter size, sex ratio of litters, and body mass and growth of dependent young
have been associated with nutritional condition of female bears (Rogers 1976; Elowe and
Dodge 1989; Hilderbrand et al. 1999). Body size has been associated with nutrition
(Schroeder 1987; Cattet 1988; Hilderbrand et al. 1999) and is used similarly to make
inferences about reproductive performance in bears (Stringham 1990a,b; Noyce and
Garshelis 1994; Samson and Hout 1995; Hilderbrand et al. 1999). In Minnesota, Noyce
and Garshelis (1994) determined that increased female black bear body size enhanced
cub mass and survival.

Specifically, increased intake of meat has been linked to increased body size in
bears (Blanchard 1987; Stringham 1990a; Hilderbrand et al. 1999). Spawning salmon
(Oncoryhnchus spp.) are one of the most nutrient-rich foods available to bears
(Hilderbrand et al. 1999). Digestible gross energy of fish and most other meats exceeds
90% in bears, with fish and other meat proteins having a true digestibility of 100%

(Pritchard and Robbins 1990). In contrast, digestible gross energy of vegetation and
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fruits is <65% (Pritchard and Robbins 1990). Bite size by, and forage availability to,
bears with predominantly herbivorous diets can constrain ingestion rates (Welch et al.
1997), influencing growth rates and body size (Rode et al. 2001). Therefore, bears with a
diet containing a high proportion of meat are typically larger and reproductively more
successful than herbivorous conspecifics (Hilderbrand et al. 1999).

Hibernation also has a strong influence on body mass. Hilderbrand et al. (2000)
reported brown bears lose an average of 32% of fall body mass during hibernation.
Weight loss of adult females during hibernation was increased when they had dependent
young. Similar results have been demonstrated for black (Rogers 1987; Farley and
Robbins 1995; Barboza et al. 1997) and polar bears (U. maritimus, Atkinson and Ramsey
1995). Unless bears obtain high-energy food sources such as meat after den emergence,
total body mass may continue to decline during spring. This decline in body mass has
been referred to as the negative foraging period (Poelker and Hartwell 1973; Noyce and
Garshelis 1998). Consequently, bears typically obtain the majority of their annual energy
requirements during the few months each year (summer-autumn) when food is abundant,
which emphasizes the importance of consuming energy-rich food during that period.

We used isotopic analyses to estimate the assimilated diet of sympatric brown and
black bears before and during spawning salmon runs and related their assimilated diet
composition to body condition and reproduction. Our goal was to examine whether
resource partitioning occurred between these species, and if it occurred, how it affected
one or both species. Specific objectives were: 1) to estimate the seasonal assimilated

diets of brown and black bears, 2) to determine if resource partitioning with brown bears
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precluded black bear use of a preferred food source (i.e., salmon), 3) to assess whether
body condition was influenced by proportion of salmon assimilated in the diet, 4) to
quantify the effects of season and hibernation on body condition, and 5) to determine if
body condition affected reproduction.
Materials and Methods
The study was conducted during May-September, 1998-2000 in southcentral Alaska,
bounded by the Alaska Range to the north and between the Yentna and Chulitna rivers on
the west and east, respectively. The study area included the southeastern portion of
Denali National Park and Preserve and Denali State Park. Elevations ranged from about
180-1,650 m. Several medium-sized glacial-fed rivers traversed the study area. Lower
elevations were characterized by spruce (Picea glauca and P. mariana), white birch
(Betula papyrifera), and alder (Alnus spp.) with numerous wet meadows containing
sedges and grasses. Mid elevations (about 400-800 m) contained shrub-dominated
habitat including dwarf birch (B. nana) and willow (Salix spp.). With the exception of
stream drainages which contained shrubs or small trees, elevations >800 m were
dominated by tundra, exposed rock slopes, and glaciers. Tree leaf-out at lower elevations
began during mid-May; snowcover at lower elevations first occurred in late September-
October.

Five species of Pacific salmon (Oncorhynchus spp.) occurred within the study
area during spawning runs (Denali National Park and Preserve, unpubl. data). We
summarized escapement data to estimate the number of spawning salmon that entered the

study area each year (Sweet et al. 2003); the number of salmon that entered the study area
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was about 36,000-47,000 for 1998-2000 (Fig. 1.1). Moose (4ices alces) were the only
ungulate that occurred regularly in the study area; estimated moose density declined from
77 to 51 individuals/100 km? during 1997-2000 (Alaska Department of Fish and Game
2002). Caribou (Rangifer tarandus) and Dall’s sheep (Ovis dalli) were not observed but
may occasionally occur in the study area. Berry species present included blueberry
(Vaccinium spp.) and crowberry (Empetrum nigrum), with soapberry (Sheperdia
canadensis) along gravel bars of major rivers. Other vegetation important to bear diets
included horsetail (Equisetum sp.), devil’s club (Oplopanax horridum), ferns, grasses,
and sedges.

We conducted initial flights during late April-early May each year to determine
when bears vacated dens to facilitate capture. We captured bears during mid to late May
and late September 1998-2000 and during late June 1999-2000. We defined spring as
May-June and summer as July-September. In May, captures occurred as brown bears
were emerging from dens; black bears had emerged during late April. June captures
occurred just before the onset of salmon spawning runs in the study area. September
captures occurred prior to den entrance although many bears had already moved to higher
elevations where dens were ultimately located. Bears were typically in dens by mid
October.

Bears observed initially by spotters in fixed-wing aircraft were captured using
immobilizing darts fired from a helicopter (Taylor et al. 1989). Adult female bears were
fitted with global positioning system (GPS) or very high frequency telemetry collars

(Belant and Follmann 2002). All bears were monitored from the air at about 2-week
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intervals to determine their locations (Mech 1983). GPS collars were retrieved during
September captures to download location data and refurbish collars. All animal capture
and handling procedures were approved by the Institutional Animal Care and Use
Committee at the University of Alaska Fairbanks.

We recorded the presence of young observed with telemetered females by age
class (cub of the year, yearling, 2-year-old) during each telemetry flight and capture
episode. We were confident whether telemetered females had dependent young;
however, because vegetation sometimes hampered observations we were not always
confident of litter size.

Because of the potential importance of salmon in bear diets (Hilderbrand et al.
1999; Jacoby et al. 1999), surveys for spawning salmon were conducted using fixed-
winged aircraft throughout the study area during September 2000. Salmon were assumed
to occur in portions of rivers if they were observed in reaches or tributaries upstream.
We reviewed unpublished data from previous salmon surveys (Alaska Department of
Fish and Game, unpubl. files; Denali National Park and Preserve, unpubl. files) to aid in
determining salmon distribution. We calculated home ranges for bears using minimum
convex polygons (White and Garrott 1990) and overlaid bear home ranges on salmon
distribution to determine which bears had potential access to salmon during spawning
runs.

We conducted C and N isotopic analyses using red blood cells from September
1998 and keratin obtained from claws in 1999-2000 of captured bears. Red blood cells

and keratin provide similar isotopic signatures (Hilderbrand et al. 1996). A 10-cc blood
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sample was drawn from the femoral artery or cephalic vein and stored in a glass vial.
Blood was spun at 3,142 rad/s with a centrifuge and serum was separated from clotted
blood cells. Red blood cells were dried at 60-70° C and ground to a fine powder before
analysis. We incrementally removed keratin samples at 3-5 mm intervals from the claw
on the third digit of a front foot of individuals (Kielland and Belant, unpublished data).
We used a battery-operated hand grinder with a 3-mm diameter cutting bit to remove
keratin; shavings from each sample were placed in an individually-labeled plastic bag.
We were careful to avoid contacting the vein along the proximal portion of the claw.
Growth of keratin varies seasonally (Kielland and Belant, unpublished data), similar to
hair and bone (Hilderbrand et al. 1996), and appears to be based on the metabolic activity
of bears. Therefore, we measured and recorded the distance from the claw at the hairline
to the center of each keratin sample. Using mean seasonal claw growth rates calculated
from black and brown bears in this study area (Kielland and Belant, unpublished data)
and the distance from hairline to each keratin sample, we backdated from the date of
capture to estimate the time at which keratin deposition occurred. Thus, we were able to
use the serial samples to estimate mean seasonal assimilated diets for individual bears.

Keratin samples were ground to a fine powder and 0.1-0.4 mg per dried sample
were loaded into tin boats. Isotopic analyses were conducted at the University of Alaska
Fairbanks using a Finnigan MAT Conflo II interface (Finnigan MAT, Bremen, Germany)
with a Finnigan Delta Plus mass spectrometer. We report results as ratios in parts per
thousand (%o) with a reproducibility of <0.2%e using the equation:

X = [(Rsample/Rstandard)'l] x 1,000,
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where 8X is 8'°C or 8°N, and R is the *C/**C or >N/**N ratio (Peterson and Fry 1987).
Results are reported relative to PeeDee Belemnite limestone (8'°C) or atmospheric
nitrogen (8"°N).

We used blood samples or backdated keratin samples that were deposited during
spring and summer to estimate the mean '°N and "°C levels as indices of assimilated diet.
We used isotopic signatures of these samples to estimate the assimilated dietary
contribution of salmon, terrestrial meat, and vegetation following Hilderbrand et al.
(1996) and Jacoby et al. (1999). We also defined total dietary meat as the sum of salmon
and terrestrial meat. We mathematically constrained the results such that no dietary item
or sum of dietary items for an individual bear represented <0 or >100% of the assimilated
diet, respectively (Jacoby et al. 1999). Analysis of covariance was used to test for
differences between years in 1) percent salmon in the assimilated diet during summer and
2) percent body fat in September.

We weighed captured bears with an electronic scale (+0.5 kg) and used
bioelectrical impedance analysis to estimate percent body fat of captured individuals
(Farley and Robbins 1994; Hilderbrand et al. 1998a,b). Data were collected 1-5 times
from individual bears; body fat estimates for individual bears were considered
independent across years. We used analysis of variance (ANOV A) to compare percent
mean body fat obtained from all captures within and between species across capture
months. We used repeated measures ANOVA to compare mean body fat in individual
bears captured during May, June, and September of a given year (Zar 1984). Tukey tests

were used to determine which means differed. For bears captured during autumn and the
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following spring, relative amounts of fat and the contribution of fat to body energy losses
during hibernation were estimated using previously published methods (Atkinson and
Ramsay 1995; Atkinson et al. 1996). We used power regression techniques (PROC
NLIN, SAS Institute, Inc. 1989) to assess relationships between the relative amount of fat
in autumn and the proportional contribution of fat to body mass and body energy losses.
All means are reported with +1 standard deviation (SD); statistical significance was set at
o = 0.05.

Results

We captured 46 black bears and 31 brown bears during this study; individual bears were
captured 1-6 times. Samples sizes for individual tests varied as all information was not
collected during each capture episode. We obtained keratin samples from 15 brown bears
(7 and 8 in 1999 and 2000, respectively) and 27 black bears (16 and 11 in 1999 and 2000,
respectively) and blood samples from 4 individuals of each species during 1998. Home
ranges of all bears overlapped with rivers or streams containing salmon. Thus, all bears
potentially had access to this resource during spawning runs.

Assimilated diets of brown and black bears differed (F = 132.25; 2, 258 df; P <
0.001). Mean assimilated dietary contribution of salmon was 4 times greater in brown
bears than in black bears (56% vs. 14%; Fig. 1.2), while the assimilated dietary
contributions of plants was less (25% vs. 73%; P < 0.05; Fig. 1.2). There was a three
way interaction of species, year, and foodtype (F = 3.20; 8,252 df; P = 0.002), with black
bears consuming no salmon and brown bears consuming little terrestrial meat during

summer 1998. Mean assimilated dietary meat was substantially higher for brown bears
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(84 and 75% during spring and summer, respectively) than for black bears (30% and
27%, respectively)

Neither percent body fat during September nor salmon in the assimilated diet
varied across years for brown bears (F = 2.26; 3,14 df; P = 0.127), but did for black bears
(F=9.92; 3,19 df; P <0.001). For black bears, body fat was lower (P < 0.05) in 1998
when salmon was absent from the diet.

Percent body fat estimated from all captured individuals varied annually (F =
3.30; 2, 115 df; P = 0.040) and by season (F = 125.10; 2, 115 df; P <0.001) (Fig. 1.3). In
general, percent body fat was less during 1998 than during 1999-2000. On an annual
basis, percent body fat for both species was highest in September and declined through
the following June. Black bear body fat levels in September were lower in 1998 than
later years in contrast to brown bears which maintained consistent body fat levels in
September among years (F = 6.22; 2, 115 df; P =0.003). Body fat levels of black bears
remained lower than that of brown bears from September 1998 until September 1999 (F
=10.82; 2, 115 df; P <0.001).

Opverall, brown bears were 2.2-2.3 times heavier than black bears (196.1 +24.7
vs. 86.1 +19.6 kg; Fig. 1.4). Body mass varied seasonally (brown bears: F = 141.24;
2,10 df; P < 0.001, black bears: F = 34.29; 2, 14 df; P < 0.001); for both species, body
mass remained constant (P > 0.05) during spring then increased during summer (P <
0.05). The contribution of body fat to total body mass varied within each species (brown
bears: F =34.71; 2,10 df; P <0.001, black bears: F =42.90; 2, 14 df; P <0.001) during

spring-summer; body fat remained constant (P > 0.05) during spring then increased (P <
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0.05) through summer. For brown and black bears, 100% of total body mass gain
attributable to fat occurred during summer. Fat represented 76 and 85% of total weight
gain during summer for brown and black bears, respectively.

The contribution of lean body mass to total body mass also varied seasonally
(brown bears: F = 16.30; 2, 10 df; P =0.001, black bears: F = 8.26; 2, 14 df; P = 0.004).
In contrast to body fat, lean body mass for both species increased (P < 0.05) during
spring then remained constant (P > 0.05) through summer. Sixty-four and 66% of the
increases in lean body mass occurred during spring for brown and black bears,
respectively. Average body mass gain by brown and black bears was 100% lean body
mass during spring and 24 and 15% lean body mass during summer, respectively.

Ten black bears and 7 brown bears were handled during autumn and the following
spring (winters 1998-1999 and 1999-2000). There was no difference in percent fat
change over winter between species (F = 0.61; 1, 13 df; P = 0.448) or winters (F = 3.26;
1, 13 df; P =0.094). There was an interaction of species and winter (F =5.90; 1, 13 df; P
= (.003), with black bears losing proportionally more body fat than brown bears during
winter 1998-1999 (Fig. 1.5).

Overall, brown bears lost 79 + 31 kg (36 + 12%) of fall body mass overwinter;
black bears lost 25 + 15 kg (30 + 8%) of fall body mass. For brown bears, mass loss
consisted of 57 + 32% body fat and 43 + 32% lean body mass. Black bears lost 68 +
15% body fat and 32 + 15% lean body mass. For both species combined, the ratio of
body fat to lean body mass was 0.39 + 0.18 and was positively related to the contribution

of fat to body mass loss (y = 89.6x%%, r* = 0.30, P < 0.001, Fig. 1.6). The body fat/lean
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body mass ratio was similarly related to the contribution of fat to energy used for
metabolism (y = 97.4x%%, ©» = 0.44, P < 0.001, Fig. 1.7). Daily mass loss was 334 +
132g/day for brown bears and 107 + 63g/day for black bears; length of time between
captures was 236 + 2 and 233 + 6 days for brown and black bears, respectively.

The proportion of black bears not accompanied by yearling or 2 year old offspring
that was observed with cubs of the year differed across years ()(2 =10.72,2df, P=
0.005), in contrast to brown bears (¢ =3.54, 2 df, P=0.170). Only 3 of 21 (14%) black
bears in the sample were observed with cubs of the year in 1998-1999, compared to 10 of
15 (67%) in 2000 (Table 1.1). For brown bears, 3 of 6 (50%) were observed with cubs of
the year during 1998-1999 vs. 3 of 9 (33%) in 2000.

Discussion

Diet

When available, salmon is probably the most important dietary item for bears
(Hilderbrand et al. 1999; Jacoby et al. 1999). In this study, salmon predominated in
brown bear assimilated diets but represented only 0-25% of black bear assimilated diets
annually, even though all black bear potentially had access to spawning salmon within
their home ranges. Availability of salmon to black bears appeared related to the number
of salmon present in the study area (Fig. 1.1). Low body fat content in black bears during
May 1998 could have been related to very low number of salmon in the area during 1997.
Bas¢d on the estimated number of salmon entering the study area each year from 1990-
2000 (Fig. 1.1), we suggest that black bears had access to salmon in only about half of

these years.
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Black bears will use salmon to a greater extent than reported in this study (Jacoby
et al. 1999). Where brown and black bears are sympatric, there appears to be an inverse
relationship between the proportion of salmon in black bear diet and brown bear density.
For example, on the Kenai Peninsula, Alaska, black bears did not use salmon when
sympatric with brown bears, whereas the assimilated diet of an allopatric population of
black bears on the Kenai Peninsula consisted of 53% salmon (Jacoby et al. 1999). Brown
and black bear densities on portions of the Kenai Peninsula have been estimated at >200
individuals/1,000 km? (Schwartz and Franzmann 1991; Del Frate 1993, as cited in
Hilderbrand et al. 1999). Preliminary population estimates for brown and black bears
within and adjacent to our study area were 27 and 79 individuals/1,000 km?, respectively
(E. Becker, Alaska Department of Fish and Game, unpublished data). Thus, the brown
bear density and contribution of salmon to black bear assimilated diets in this study were
intermediate to those described on the Kenai Peninsula (Jacoby et al. 1999; Hilderbrand
et al. 1999). Brown bears are dominant to black bears and can exclude them from
preferred food sources (McLellan 1993). Despite considerably lower densities of brown
bears in this study area than on the Kenai Peninsula, interspecific resource competition
probably limited black bear access to salmon.

Brown bear density was low in this study relative to the proportion of dietary
salmon and total meat assimilated (see Hilderbrand et al. 1999). In contrast, mean brown
bear body mass approached mean values reported for coastal areas with abundant salmon
runs (Hilderbrand et al. 1999). The number of salmon entering mouths of streams along

the coast is considerably greater than the number entering lower order streams farther
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inland; our study area was >200 km from the coast. Thus, overall availability of salmon
was likely limited relative to coastal areas. In this study, brown bears exploited salmon
to improve individual fitness (i.e., increased body size, high percent body fat; sec Welch
et al. 1997), further reducing the already low availability of salmon. The resulting
limited salmon availability may account for the low brown bear density in this non-
coastal area.

Use of salmon during spring by both species was unexpected. Bears and other
carnivores have reportedly cached salmon or left partially consumed carcasses on land
during autumn (Henry et al. 1990; Ben-David et al. 1997; Willson et al. 1998).
Additional carcasses may have remained on shore adjacent to rivers; thus, bears in this
study may have had access to salmon carcasses during spring. However, it is unlikely
that salmon availability during spring could account for the high proportion of salmon in
the spring assimilated diets. Salmon signatures in the tissues could be an artifact of
sampling or isotopic analyses. Bears can lose weight after den emergence and prior to
abundance of summer foods (Poelker and Hartwell 1973; Noyce and Garshelis 1998),
continuing to use limited fat and lean body mass reserves. Growth of keratin in claws
occurred year-round (Kielland and Belant, unpublished data) and during spring, claw
growth would be based in part on nutrient reserves accumulated during the previous
autumn. Thus, the isotopic values observed during spring could be based in part on
salmon consumed the previous autumn. Although timing of initiation of summer hair
growth is variable, hair follicles in well-nourished bears become metabolically active

during early May (Jacoby et al. 1999). Therefore, isotopic analysis of whole hair samples
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used in previous bear assimilated diet studies could also include diet signatures from the
year prior to collection.

Percent of terrestrial meat in assimilated diets of brown and black bears was
within ranges found in previous studies (e.g., Holcraft and Herrero 1991; Schwartz and
Franzmann 1991; Hilderbrand et al. 1996, 1999; DeBruyn 1997; Hobson et al. 2000).
Assimilation of terrestrial meat was higher by black bears than brown bears during 1998
when salmon abundance was lowest. Moose were the only ungulate in the study area; the
importance of moose in bear diets, particularly moose calves during spring, has been
demonstrated (Larsen et al. 1989; Schwartz and Franzmann 1991; Keech et al. 2000;
Bertram and Vivion 2002). Arctic ground squirrels (Spermophilus undulatus) occurred
in portions of the study area and may have contributed to the diet of both species (Jonkel
1987; Holcraft and Herrero 1991). Ants also occurred in the study area and are important
to brown and black bear diets in other parts of their range (Holcraft and Herrero 1991;
DeBruyn 1997; Noyce et al. 1997; Elgmork and Unander 1998; Mattson 2001). These
species may be isotopically similar to ungulates (e.g., Hobson et al. 2000) and
contributed to the proportion of terrestrial meat assimilated.

Body Condition

The time between den emergence and the availability of abundant summer foods has
been referred to as the negative foraging period (Poelker and Hartwell 1973). During this
period, available food has been considered energetically inadequate to maintain body
mass. Our data does not support this hypothesis; total body mass remained constant in

this study for both species during spring prior to spawning salmon runs. Previous studies
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have reported losses (Hellgren et al. 1989) and gains (Blanchard 1987) in bear body mass
during spring. Change in body mass during spring is variable and appears related to age,
sex, reproductive status, and food availability (Rogers 1976; Noyce and Garshelis 1998;
Hilderbrand et al. 2000).

The majority of lean body mass gain was accumulated during spring. Similar
results were reported in previous studies (e.g., Hilderbrand 1988; Atkinson and Ramsay
1995), which suggested that increases in lean body mass during spring provided the
musculature and connective tissue necessary to support later stores of body fat.
Accordingly, body fat was not accumulated until summer for either species and
represented >75% of weight gains during this period. Hilderbrand (1998) reported that
80% mass gain of brown bears in fall was due to fat deposition. Availability of high
quality food in fall is critical to fat deposition for use during hibernation (Farley and
Robbins 1995; Barboza et al. 1997). Salmon are a nutrient-rich food (Hilderbrand et al.
1999); the high proportion of assimilated dietary salmon in brown bears resulted in
brown bear’s having consistently high body fat levels during September. Although use of
salmon by black bears was limited relative to that by brown bears, body fat was as high
as brown bears from September 1999-2000. Total seasonal assimilated dietary meat for
black bears was relatively constant (24-33%), suggesting suitable nutrition for growth
and reproduction (Hilderbrand et al. 1999). Lower mean body fat observed in black bears
during summer 1998 was associated with higher levels of assimilated dietary meat of
terrestrial origin. Although digestibility of terrestrial meat and salmon is similar for bears

(Pritchard and Robbins 1990), terrestrial meat resources are more energetically
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demanding to exploit (Hilderbrand et al. 1999). Although the nutritional value of plant
material is low relative to meat, because of their smaller body size, black bears can gain a
significant amount of body mass with a predominantly herbivorous diet if adequate
forage is available (Welch et al. 1997).

Mean daily weight loss (334g/day) over winter for brown bears was similar to
mean weight loss (352g/day) reported by Hilderbrand et al. (2000). Total weight loss
was slightly greater in this study (36 vs. 32%) but can be attributed to the longer interval
between captures in this study (236 days) vs. Hilderbrand et al. (1999; 208 days).
Proportional losses of fat and lean body mass observed were also similar to those of
brown bears in other studies (Farley and Robbins 1995; Hilderbrand et al. 2000). Direct
comparisons with free-ranging black bears are unavailable; however, mean fat and lean
body mass losses were similar to losses in captive black bears (Barboza et al. 1997) and
proportional to losses in brown bears in this study.

Maintenance costs for hibernation were derived predominantly from lipid stores
(Fig. 1.6), comparable to other wild bear populations (Atkinson et al. 1996; Hilderbrand
et al. 2000). Barboza et al. (1997) reported about 92% of energy used during hibernation
by captive black bears was lipid derived. The ratio of fat to lean body mass prior to
hibernation affected the proportion of fat catabolized to meet maintenance costs during
hibernation in this study. Atkinson et al. (1996) and Hilderbrand et al. (2000) found
similar results for polar and brown bears. In addition to increasing musculature to
support body fat increases for dormancy, increased lean body mass fulfills protein

demands of neonates for reproducing females (Atkinson et al. 1996). Loss of lean body
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mass during hibernation is related to reproductive status (Hilderbrand et al. 2000), with
increased protein catabolism due to lactation demands (Farley and Robbins 1995).
Overall body condition was similar for brown bears across years and probably
was reflective of the consistently high abundance of salmon in their assimilated diet. The
annual differences in body fat levels for black bears were associated with contribution of
salmon in their assimilated diet, which appeared related directly to increased abundance
of spawning salmon during 1999-2000. Low body fat levels in black bears during spring
1998 likely reflected low abundance of salmon in 1997 (Fig. 1.1). Furthermore,
substantial blueberry and crowberry production was noted during September 1999-2000
captures that was not observed in 1998. With low salmon abundance, lower berry
production in 1998 may have contributed to further reduce body fat levels observed in
September 1998 through June 1999.
Effects of Body Condition on Reproduction
Reproductive success of brown bears was high across years, consistent with body
condition. At least one-third of captured females were observed with cubs-of-the-year
annually, similar to coastal brown bear populations (Jonkel 1987). Black bear
reproduction was strongly influenced by body fat content, with twice as many females
observed with cubs of the year in 2000 when percent body fat was similar to that in
brown bears, as in 1998-1999 when body fat levels were low. A positive relationship
between body condition and reproductive performance has been demonstrated for brown
and black bears in other portions of their range (e.g., Noyce and Garshelis 1994,

Hilderbrand et al. 1999). Although variable, black bear interbirth intervals are typically
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every 2 years (Kolenosky and Strathearn 1987). That most black bears were observed
without dependent cubs in either 1998 or 1999 further suggests that reproductive
performance may have been reduced because of comparatively poor body condition.
Conclusions

Salmon predominated in brown bear assimilated diets in our study area >200 km from the
ocean coast, similar to salmon in coastal brown bear populations. In contrast, black bears
assimilated more vegetation and appeared able to exploit salmon only when abundance
was above the long-term mean, which represented about half the amount of salmon
exploited by an allopatric population of black bears (Jacoby et al. 1999). We suggest
brown bear presence reduced black bear access to salmon which caused black bears to
use food sources of lower nutritional value or that required more energy to exploit.
Salmon represented a majority of brown bear’s assimilated diet and overall body size of
brown bears was comparable to several coastal brown bear populations, supporting the
importance of salmon to body condition. Black bears were able to survive at a
comparative density (based on body mass) but body condition varied in response to
amount of salmon assimilated in their diet. Both species gained a majority of lean body
mass during spring and all body fat during summer when spawning salmon and berries
became available. Black bear reproduction was directly related to body condition (i.e.,
percent body fat), which was positively associated with salmon assimilated in their diet.
Similar high body condition across years in brown bears was reflected in consistently
high reproduction. Brown bears appeared to reduce the fundamental niche of black bears

by altering their use of an important resource (salmon), causing black bears to rely on less

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

available or less energy efficient food sources (e.g., moose, berries). Use of alternate
foods by black bears appeared to lower their body condition and reduce reproductive
output. We conclude that in this area of Alaska, brown bears reduced in part the realized

niche of black bears, which included partitioning and use of food resources.
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Table 1.1 Number of radiocollared adult female brown and American black bears

observed with dependent young, southcentral Alaska, May 1998-2000.

Number of females:

Species Year Without cubs  With cubs of year With yearlings With 2-year-olds

Brown 1998 0 2 2 2
1999 3 1 3 2
2000 6 3 2 7
Black 1998 3 0 4
1999 15 3 7
2000 5 10 1
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Fig. 1.1 Estimated number of spawning salmon entering streams within the study area,

southcentral Alaska, 1990-2000. Solid line represents the mean number of salmon

entering the study area during 1998-2000.
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Fig. 1.2 Mean (+ SD) assimilated diet of adult female brown (top panel) and American
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estimated from isotopic signatures, southcentral Alaska, 1998-2000.
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Fig. 1.3 Mean (+ SD) percent body fat for adult female brown and American black
bears, southcentral Alaska, 1998-2000.
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Fig. 1.4 Mean (+ SD) body composition of adult female brown (n = 6, top panel) and
American black (n = 8, bottom panel) bears by season, southcentral Alaska, 1999-2000.
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Fig. 1.6 Relationship between relative amount of fat in autumn (fat/lean body mass) and
the contribution of fat to body mass loss during hibernation for brown (triangles) and
American black (circles) bears, southcentral Alaska, 1999-2000.
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POPULATION-LEVEL RESOURCE SELECTION BY SYMPATRIC BROWN

AND AMERICAN BLACK BEARS

Abstract Distribution theory of habitat selection predicts that for two species living in
sympatry, the subordinate species would be constrained from using the most suitable
resources (e.g., habitat), resulting in its use of less suitable habitat and spatial segregation
between species. I used negative binomial generalized linear mixed models to estimate
seasonal population-level resource selection at two spatial resolutions for female brown
bears (Ursus arctos) and American black bears (U. americanus) in southcentral Alaska
during May-September 2000. Black bears selected areas occupied by brown bears during
spring which may be related to spatially-restricted (i.e., restricted to low elevations) but
dispersed availability of food. In contrast, black bears avoided areas used by brown bears
during summer. Brown bears used narrower ranges of elevations during spring and
summer, likely in part to access available food sources. Female brown bears also
selected areas near salmon streams during summer, presumably to access spawning
salmon. Use of dwarf shrub/herbaceous vegetation by black bears during summer
appeared in response to high berry production and avoidance of areas containing brown
bears that presumably had access to alternate highly-digestible food (i.e., salmon).
Berries likely provided black bears a less nutritious, but adequate food source. I suggest
that during summer, black bears were displaced by brown bears, resulting in their
increased use of dwarf shrub/herbaceous vegetation. My data supports the despotic
distribution model in that black bears appeared to be partially constrained from areas

containing salmon, resulting in their use of areas containing less nutritious forage.
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However, habitat attributes were more important in explaining black bear distribution
than was brown bear presence. Spatial segregation of brown and American black bears
apparently occurs when high-quality resources are spatially restricted and alternate
resources are available to the subordinate species. This and previous work suggest that

individual interactions between species can result in seasonal population-level responses.

Keywords American black bear - brown bear ' habitat selection " interspecific

competition ' negative binomial ' spatial segregation - Ursus spp.

Introduction

Habitat selection occurs at the individual level. Fretwell (1972) originated a theory and
develop two models explaining habitat selection. The ideal free-distribution model
suggests that habitat suitability is related inversely to the density of the species occupying
that habitat. When animal density decreases suitability of the most suitable habitat to that
of the second most suitable habitat, individuals will begin to occupy the second habitat.
The ideal despotic-distribution model has application to species exhibiting territorial
behavior (Fretwell 1972). In this model, aggressive behavior of individuals causes
subordinate animals to occupy lower quality habitat. Extending this theory to two species
implies the subordinate species may be constrained from using the most suitable habitat

by the dominant species.
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The geographic ranges of American black and brown bears apparently overlapped
extensively in North America prior to European settlement (Herrero 1972). In Alaska,
brown and black bears still currently coexist throughout much of the state (Kolenosky
and Strathearn 1987; Jonkel 1987). The larger body size of brown bears provides a
competitive advantage over black bears (Herrero 1978). Brown bears are considered the
most important predator of black bears and may exclude black bears through interference
competition, particularly if resources (e.g., food) of high value are patchy (McLellan
1993). Brown bears may displace black bears from high quality habitat (Shaffer 1971,
Kendall 1984, Aune 1994); however, these studies did not use population inference.
There are also occasional reports of predation on black bears by brown bears (Jonkel and
Cowan 1971, Murie 1981, Ross et al. 1988, Mattson et al. 1992, Smith and Follmann
1993, Gunther et al. 2002). Under the ideal despotic-distribution model, black bears
would be considered subordinate to brown bears and consequently displaced from areas
used by brown bears through competition.

Where the two species coexist, black bears are more typically found in forest-
dominated areas (Stirling and Derocher 1990, Miller et al. 1997). Herrero (1978)
suggested that where these two species occurred in sympatry, differences in behavior and
morphology allowed brown bears to better exploit open areas whereas black bears were
better adapted to more forested areas. Because of similarities between these species,
Jonkel (1984) stated that niche separation must occur to allow coexistence. McLellan
(1993) suggested that coexistence can occur in forested areas with diverse and widely

distributed food sources (e.g., ungulates, berries, salmon). Reported means of
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coexistence between brown and black bears include spatial separation (Aune 1994),
temporal differences in activity (Shaffer 1971, MacHutchon et al. 1998, Holm et al.
1999), and use of different foods (Jacoby et al. 1999). Previous studies of sympatric
brown and black bears most frequently have emphasized differences in habitat (resource)
use to describe coexistence (Kasworm and Their 1990; Aune 1994; Holm et al. 1999).
However, these studies did not explicitly assess population-level responses (Thomas et al.
2006).

There are four commonly accepted experimental designs for assessing resource
selection (Erickson et al. 2001, Manly et al. 2002). Design I studies assess resource
selection at the population level by comparing resource use to resource availability;
availability is defined as a predetermined study area or the polygon including animal
locations. Designs II and III use individuals as the units of replication and assess
selection relative to habitat available within the study area and individual home range,
respectively. Design IV studies employ paired use and availability measures where
resource use is estimated multiple times. Advantages of using individual animals
(designs II-IV) rather than individual locations (design I) as the unit of replication are
now well established (Aebischer et al. 1993, Alldredge et al 1998, Thomas and Taylor
2006).

Logistic regression is likely the method used most frequently to estimate resource
selection (Thomas and Taylor 2006). A disadvantage of this approach is that areas
considered unused may actually be used but misclassified as unused because of low

sampling frequency or animal detection rates of <1 (Johnson et al. 2006, MacKenzie
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2006). Further, the binary (used/unused) response from logistic regression does not
accommodate multiple observations of animals in the same location. Consequently, loss
of information commonly occurs from telemetry studies that use this method. Other
distributions (e.g., Poisson) used in general linear models or generalized linear mixed
models can accommodate multiple animal observations from the same location and have
been used to model resource selection (e.g., Millspaugh et al. 2006). In these situations,
habitat attributes are derived from cells distributed randomly or systematically across the
area of interest, and count data for individuals are estimated for each cell (Millspaugh et
al. 2006, Thomas et al. 2006).

Attempts have been made to quantify population-level selection, including
averaging parameter estimates across individuals and reporting the number of individuals
with similar parameter coefficients (D’Eon 2003, Zielinski et al. 2004, Millspaugh et al
2006). The former approach will work if the number of locations is nearly the same for
each animal. However, if the number of locations differs substantially among animals,
population parameter estimates will be disproportionately influenced by animals with
more locations. Including random effects can provide information on variation in
resource selection among individuals and improve model performance (Gillies et al 2006,
Thomas et al. 2006). Although random effects may not be of primary interest to
managers, they can be used to assess resource selection of various animal cohorts (e.g.,
by sex or age class) within the overall model (Thomas et al. 2006).

I used population-level seasonal resource selection models employing a design II

approach to assess spatial segregation and habitat use by brown and American black
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bears in southcentral Alaska. Initially, from the ideal despotic-distribution model I
hypothesized avoidance of brown bears by black bears during all seasons. To provide a
complimentary test for this hypothesis, I also modeled brown bear use relative to areas
occupied by black bears. Ithen tested several hypotheses related to brown and black bear
seasonal use of specific habitat attributes. I hypothesized seasonally bimodal use of
elevation by brown bears (Waller and Mace 1997, McLellan and Hovey 2001, Nielsen et
al. 2002). Specifically, I expected brown bears during spring to move from higher-
elevation denning areas to access new growth of vegetation occurring at lower elevations
(e.g., Mace and Waller 1997). I also hypothesized that brown bears would select habitats
during spring that were used by moose for calving, particularly areas with tall shrubs
including willow (Salix spp.) or alder (Alnus spp.) (Langley and Pletscher 1994, Bowyer
et al. 1999). In late summer, I expected brown bears to move from low to high elevations
prior to the onset of denning. Because of the importance of salmon to brown bears
(Hilderbrand et al 19994, Jacoby et al. 1999, Belant et al. 2006), I also hypothesized that
in summer brown bears would use areas close to streams containing salmon. Because of
the extensive use of salmon by brown bears (Hilderbrand et al. 1999, Jacoby et al. 1999,
Belant et al. 2006), I did not consider brown bear use of vegetation types during summer.
As with brown bears, I hypothesized that black bears would select vegetation
types in spring that contained new growth of vegetation (e.g., grasses, tree leaves), typical
components of their diet during this time of year (Kolenosky and Strathearn 1987). I also
hypothesized that black bears would exhibit unimodal use of mid-elevations during

summer in response to vegetation types containing berries. I expected black bears to
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select the dwarf shrub/herbaceous habitat which contained crowberry (Empetrum nigrum)
and blueberry (Vaccinium spp.); berries are typical items in black bear diets throughout

much of their geographic range (Kolenosky and Strathearn 1987).

Materials and Methods
Study Area
The study was conducted during May-September 2000 in southcentral Alaska, bounded
by the Alaska Range to the north, the Yentna River drainage to the west, the Chulitna
River drainage on the east, and 62°15’ latitude forming the southern boundary. This area
included the southeastern portion of Denali National Park and Preserve and Denali State
Park. Elevations ranged from about 130-1,650 m. Several medium-sized glacial-fed
rivers traversed the study area. Lower elevations were characterized by spruce (Picea
glauca and P. mariana), poplar (Populus spp.), white birch (Betula papyrifera), and alder
(Alnus spp.) with numerous wet meadows containing sedges and grasses. Mid elevations
(about 400-800 m) contained shrub-dominated habitat including dwarf birch (B. nana)
and willow (Salix spp.). With the exception of stream drainages which contained shrubs
or small trees, elevations >800 m were dominated by tundra, exposed rocky slopes, and
glaciers. Tree leaf-out at lower elevations began during mid-May; snowcover at lower
elevations arrived from late September-early October.

Five species of Pacific salmon (Oncorhynchus spp.) occurred within the study
area during spawning runs (Denali National Park and Preserve, unpubl. data), with about

47,000 individuals present during 2000 (Belant et al. 2006). The dominant ungulate was
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moose (Alces alces); estimated moose density during 2000 was 51 individuals/100 km?
(Alaska Department of Fish and Game 2002). Caribou (Rangifer tarandus) and Dall’s
sheep (Ovis dalli) were not present in the study area. Dominant berry species included
blueberry and crowberry. These species occurred primarily at mid-elevations; blueberry
also occurred in low-density spruce woodlands at low elevations. Soapberry (Sheperdia
canadensis) occurred along gravel bars of major rivers. Other vegetation common in
bear diets included horsetail (Equisetum sp.), devil’s club (Oplopanax horridum), ferns,

grasses, and sedges (Kolenosky and Strathearn 1987).

Animal Capture and Telemetry

I captured bears during mid May, late June, and late September 2000. I defined spring as
May-June and summer as July-September. Captures in May occurred as brown bears
were emerging from dens; black bears had emerged during late April. Captures in June
occurred just before the onset of salmon spawning runs in the study area. Captures in
September occurred before den entrance although many bears had begun moving to
higher elevations where most dens were ultimately located.

Bears observed initially by spotters in fixed-wing aircraft were captured using
immobilizing darts fired from a helicopter (Taylor et al. 1989). I monitored body
temperature, respiration, and heart rate of bears during handling procedures. Independent
female bears (>4 and >5 years old for black and brown bears, respectively) were fitted
with global positioning system (GPS) telemetry collars (Belant and Follmann 2002).

GPS collars were programmed to attempt relocations at 60-min intervals and were
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retrieved during September captures to download data. Mean (standard deviation [SD])
percent of successful locations for these collared individuals was 75.9% (7.2) for black
bears and 80.6% (7.7) for brown bears (Belant and Follmann 2002). All animal capture
and handling procedures were approved by the Institutional Animal Care and Use

Committee at the University of Alaska Fairbanks.

Study Design and Resource Attributes

I analyzed telemetry data using a Design II approach which addresses study area-level
selection with individual animals as the unit of replication (Manly et al. 2002, Thomas
and Taylor 2006). This approach is appropriate for measuring population-level response
to habitat features (Manly et al 2002, Thomas et al. 2006). The study area was defined by
creating a 100% minimum convex polygon (MCP) around all bear relocations. I
generated a 2-km’ grid which comprised 1,484 cells that were within or intersected the
MCP. Iselected this resolution because preliminary analyses suggested this
approximated the maximum number of cells that could be analyzed effectively. I
similarly created a 4-km? grid consisting of 396 cells to estimate the effects of a coarser
resolution on resource selection.

Because variation in seasonal habitat use by brown and black bears has been
demonstrated (Beecham and Rohlman 1994, McLellan and Hovey 2001, McLoughlin et
al. 2002), I initially calculated the number of locations of each bear in each cell during
each season. Because I hypothesized black bear avoidance of brown bears a priori, 1

included the total number of brown bear locations in each cell by season as a continuous
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model term (BRBEAR) for respective black bear models. To compliment this hypothesis,
I similarly included the number of black bear locations in each cell as a model term
(BLBEAR) for respective brown bear models.

I used ArcGIS (Environmental Systems Research Institute, Redmond, California,
USA) to extract habitat and bear location data. Vegetation was estimated from a
landcover map developed from 1985 multi-spectral satellite imagery with 80-m
resolution resampled to 50 m (Fitzpatrick-Lins et al. 1989). No catastrophic events (e.g.,
fire) occurred in the study area between image acquisition and this study.

In contrast to most resource selection studies that model the probability of use of
vegetation classes (Fuller and Harrison 2005, Patten et al. 2005); I modeled the
probability of use of discrete areas of land (Thomas et al. 2006). I initially determined
the dominant vegetation type (VEG) in each grid cell using the zonal majority routine in
ArcGIS. Vegetation classes defined for analyses included conifer forest, deciduous
forest, tall shrub, dwarf shrub/herbaceous, sparse/non-vegetated, and snow/ice. Tall
shrub vegetation consisted primarily of alder (4/nus spp.) with some willow (Salix spp.).
The dwarf shrub/herbaceous vegetation class include dwarf birch, crowberry, and
blueberry.

I incorporated a GIS layer of elevation (U.S. Geological Survey 30-m Digital
Elevation Models [www.edc.usgs.gov/geodata]) in analyses. I defined the model term
ELEV as the median elevation for each grid cell. I also included a quadratic term for

elevation (ELEV?) because of my hypothesized nonlinear use of elevations by bears.
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I calculated the distance from the center of each grid cell to the nearest river or
stream documented to contain salmon (DISSTREAM). I conducted aerial surveys for
spawning salmon during September 2000. Salmon were assumed to occur in portions of
rivers if they were observed in reaches or tributaries upstream. I also reviewed
unpublished data from previous salmon surveys (Alaska Department of Fish and Game,
unpubl. files; Denali National Park and Preserve, unpubl. files) to aid in determining
salmon distribution. This information was integrated with existing GIS hydrographic
data (Denali National Park and Preserve, unpubl. data) to develop the layer of streams

containing spawning salmon.

Model Selection

To estimate population-level selection, I used three generalized linear mixed models
(GLMM) with the habitat and seasonal bear location data and compared their
performance to select the model most appropriate for final analyses of resource selection.
Models were developed using PROC GLIMMIX (SAS Institute 2005) and included: 1)
negative binomial model with individual animal random effects, 2) negative binomial
model with fixed effects, and 3) Poisson model with overdispersion. As animals may
vary in selection of habitat features, models with random effects consider animals as
heterogenous units in which each animal is represented as a block. In contrast, models
with fixed effects do not consider heterogeneity among individual animals. Iused the
Poisson model with overdispersion because the number of observations for a given cell

often exceeds the variability predicted by the Poisson distribution (Zhang et al. 2006).
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For each of these models, I used the I x J random matrix Y, with each Yj; cell
containing the number of locations represented by row (i) for an individual bear in
column (j). Ithen modeled Yj; using the expected number of locations in row i by animal
jas:

E(Yy) = W,
fori=1,2,3,...,Iandj=1,2,3,...,J.

For the negative binomial models, I assumed that Yj; ~ NB(w;, k) with the
probability mass function:

I'(y; +K) k k

fs | wi k)= ( (1 - ) Vin
F®I(y; +1)  pi+k wi +k

Where p;; is the mean and k > 0 is the scale parameter. This distribution has the variance:
V(Y5) = pij + pi/k,
which is greater than the mean p;; when k is positive.
The resulting loglinear negative binomial model with individual animal random

effects would be:

In(uiy) = x; " B,
where x; is the vector of explanatory variables characterizing cell i and B; is a multi-
dimensional parameter vector for animal j. I assumed a multivariate normal distribution
of B for this model. The negative binomial model without individual animal random

effects (j) would be written as:

In(p;) = x; " B,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59

The loglinear Poisson model without random effects generally can be described
similarly to the negative binomial model without random effects. Data overdispersion in
the Poisson model often occurs when fitting this distribution with animal count data
(Millspaugh et al. 2006). To address overdispersion, and to increase model flexibility
(Agresti 1990), I accounted for overdispersion by assuming that only a functional
relationship existed between the mean and variance which can be described as:

V(Yi) = dpi
for some constant ¢. Overdispersion is present in the Poisson model when ¢ > 1 (Agresti
1990:457).

I selected model terms specific to my original hypotheses to estimate seasonal
resource selection by each species. For brown bears, I used the model terms VEG,
ELEV, ELEV?, and BLBEAR during spring and DISSTREAM, ELEV, ELEV?, and
BLBEAR during summer. For black bears, I used the model terms VEG and BRBEAR
during spring and VEG, ELEV, ELEV? and BRBEAR during summer. For each set of
models, I included the global model which contained all terms relevant to my hypotheses
and the null (intercept only) model. I standardized continuous variables before analyses
to avoid possible variation in scale (Thomas et al. 2006). For models that included VEG,
I used tall shrub as the standard vegetation type against which other vegetation types
were compared (Manly et al. 2002).

I compared performance of each set of models using Akaike Information
Criterion adjusted for small sample size (AIC;; Burnham and Anderson 1998). Models

with AIC, scores within 2 of the best-supported model (AIC, = 0) were considered
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similarly supported (Burnham and Anderson 1988). I also calculated averaged model
Akaike weights (w), which measure model support and model selection uncertainty
(Burnham and Anderson 1988). Finally, I used model averaging of selected models to
estimate model parameters and decrease model selection uncertainty (Burnham and

Anderson 1998).

Results

I captured 11 independent female brown and 13 independent female black bears during
May 2000 that were used for analyses during spring. An additional 5 and 3 independent
female black and brown bears, respectively, were captured during June 2000. Thus, 16
individuals of each species were used for analyses during summer. The number of
locations per individual averaged 736 (SD = 178) for brown bears and 523 (SD = 178)
for black bears during spring, and 1,306 (SD = 498) for brown bears and 1,080 (SD =
320) for black bears in summer. Overall, I obtained 53,605 locations (Fig. 1), including
8,097 brown bear and 6,793 black bear locations during spring (May-June) and 20,903
brown bear and 17,272 black bear locations during summer (July-September).

The percentage of 2-km? cells with zero bear locations was 81.4% and 90.0% for
brown and black bears, respectively, during spring and 66.8% and 80.9%, respectively, in
summer. At the 4-km? resolution, percentage of zero cells was 74.5% and 86.1% of cells
for brown and black bears, respectively, in spring, and 57.1% and 72.7% respectively,

during summer.
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In my initial assessment using global models at both spatial resolutions, I did not
consistently obtain model convergence using Poisson with overdispersion (7 of 8 models
converged) or the negative binomial with random effects (2 of 8 models converged). In
contrast, the negative binomial model without random effects consistently met model
convergence criteria (8 of 8 models converged). Thus, for final analyses I used the
negative binomial model without individual animal random effects to assess population-
level resource selection by brown and black bears at the two spatial resolutions (2 km?®

and 4 km?).

Resource Selection

The best supported models for brown bears in spring included elevation and black bear
use (Table 2.1). Brown bears selected areas used by black bears at both spatial
resolutions (Table 2.2). Nonlinear use of elevation during spring occurred at both spatial
resolutions with greatest relative use between 400-800 m and 900-1000 m (Fig. 2).

In contrast to spring, brown bears did not use areas occupied by black bears at
either spatial resolution during summer. Nonlinear elevation use also occurred during
summer, with about 30% of brown bear use occurring at 200-300 m elevation. Brown
bears selected areas nearest salmon streams at both resolutions during summer (Table
2.2); 73% and 94% of brown bear use were in areas <300 m and <500 m of salmon
streams, respectively.

The most parsimonious models for black bears during spring were those which

included vegetation or vegetation and intensity of brown bear use (Table 2.1). Overall,
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black bears selected deciduous and dwarf shrub vegetation and avoided other vegetation
types relative to tall shrub at the 2 km? resolution (Table 2.2). Black bears selected
deciduous and sparse/non-vegetated areas at the 4-km® resolution. As evidenced by
positive parameter estimate coefficients, black bears demonstrated overall selection for
the same as brown bears at both spatial resolutions.

During summer, the best supported models for black bear at the 2-km? resolution
included vegetation, elevation, and intensity of brown bear use (Table 2.1). Relative to
tall shrub, black bears selected dwarf shrub/herbaceous and avoided all other vegetation
types (Table 2.2). Black bears disproportionately used elevations <500m and 600-700 m.
Black bears did not demonstrate selection for vegetation types but did exhibit nonlinear
use of elevation at the 4 km” resolution. In contrast to spring, black bears demonstrated

avoidance of areas with brown bear use during summer at both resolutions.

Discussion

Resource Selection

I observed population-level spatial avoidance of black bears and brown bears during
summer, supporting the extension of the ideal despotic distribution model. Brown bears
are occasional predators of black bears (Mattson et al. 1992, Smith and Follmann 1993,
Gunther et al. 2002) and may exclude black bears through interference competition
(McLellan 1993). On one occasion in summer I observed a female black bear with two
dependent young about 10 m above ground in a poplar tree where the bears had

apparently retreated from a brown bear standing at the base. It has also been suggested
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that brown bears can displace black bears from areas of mutual use (Shaffer 1971,
Kendall 1984, Aune 1994). As only female bears were monitored in this study, my
estimates of black bear avoidance of brown bears are likely conservative. Female brown
bears are subordinate to male brown bears (Wielgus and Bunnell 1994, 1995; McLellan
2005), suggesting that male brown bears also would probably dominate in interactions
with black bears. Also, success of relocating black bears using GPS collars in forested
areas may have been lower than relocation success in other habitats (Rempel et al. 1995),
resulting in conservative estimates of use in conifer habitat. Consequent inflated use of
other habitats that may have been occupied by brown bears would have reduced my
estimates of spatial avoidance. Brown and black bears interact at the individual level;
results from this and previous studies suggest that these interactions can cause a
population-level response as evidenced by spatial avoidance by black bears occurring at
multiple scales.

When available, salmon is probably the most important dietary item for brown
and black bears (Hilderbrand et al. 19994, Jacoby et al. 1999). Jacoby et al. (1999)
reported that salmon represented 53% of the assimilated diet in an allopatric black bear
population from the Kenai Peninsula, Alaska. Salmon comprised 58% and 25% of the
respective assimilated diets for brown and black bears in my study area during summer
2000 (Belant et al. 2006). I suggest that in accord with the ideal despotic distribution
model, black bears were subordinate to brown bears and consequently displaced in part

from areas with available salmon, through some form of interference competition.
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In contrast to my prediction, I observed black bears selecting areas occupied by
brown bears during spring. Observed mutual selection may also be related to limited
availability of food, which is common for bears during spring (Noyce and Garshelis
1998). Comparatively poor relocation success in conifer forests (e.g., Rempel et al.
1995) may in part explain this observed selection. Salmon availability was undoubtedly
limited during spring, and primary food sources likely consisted of new growth of
vegetation, berries from the previous year, or moose calves (Atwell et al. 1980, Schwartz
and Franzmann 1991, Mace and Jonkel 1986). As vegetation growth in mountainous
areas initially occurs later than at lower elevations during spring, food availability may
have been spatially restricted to lower elevations. Additionally, new plant growth would
likely be dispersed throughout these areas. Although black bears selected areas used by
brown bears, presumably to forage, available food may have been sufficiently dispersed
such that black bears could not be excluded by brown bears. Black bear avoidance of
brown bears in spring may occur at finer spatial resolutions than investigated here.

Brown bears in this study demonstrated nonlinear use of elevation during spring
and summer. Brown bears in mountainous areas frequently exhibit elevation shifts,
primarily in response to seasonal variation in food and den site selection (Servheen and
Klaver 1983, Miller 1990, Mace and Waller 1997, McLellan and Hovey 2001). Selection
of specific elevations during summer was likely related in part to salmon vulnerability to
predation.

As I predicted, brown bears exhibited selection for salmon streams during

summer at both spatial resolutions. The importance of salmon in brown bear diets has
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been described previously (Hilderbrand et al. 19994, Jacoby et al. 1999). In this study
area, salmon represented almost 60% of the assimilated diet in brown bears during
summer 2000 (Belant et al. 2006), so I was confident brown bears were using streams
containing salmon. Thus, I expected brown bears to select areas in close proximity to
streams during summer to have access to available salmon. Female brown bears were
estimated closer to salmon streams in this study than estimates reported by Hilderbrand et
al. (1999b), who suggested that brown bears on the Kenai Peninsula, Alaska, spent about
50% of their time within 500 m, and up to 80% of time within 1 km, of streams
containing salmon.

Black bears preferred the deciduous and dwarf shrub/herbaceous vegetation types
during spring. When available, black bears will eat the catkins and young leaves of
aspens or poplars and birch (Kolenosky and Strathearn 1987), the dominant tree species
in the deciduous vegetation type. Use of dwarf shrub/herbaceous areas may have been in
response to new growth of vegetation or the presence of berries from the previous year.

As predicted, black bears preferred the dwarf shrub/herbaceous habitat during
summer. In addition to spatial avoidance of brown bears, this was likely also a
consequence of food availability. Crowberries were highly abundant in this habitat
during summer 2000; several black bears were captured in this habitat during September
with mouths and fur stained purple from this fruit. Plant material which included berries
represented the majority of black bear diets during this period (Belant et al. 2006).
Although plant materials are energetically less nutritious than meat (Pritchard and

Robbins 1990), given their small body size compared to brown bears, black bears can
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gain a significant amount of body mass with a predominantly herbivorous diet (Welch et

al. 1997).

GLMM Performance
The negative binomial model with fixed effects outperformed the Poisson model with
overdispersion for my bear location data. The number of cells with zero counts of
animals may have been large enough to cause the variance to exceed the mean expected
use of cells. My use of an overdispersion parameter was also unsuccessful, suggesting a
non-multiplicative functional relationship between the variance and mean existed
(Agresti 1990). Others have suggested the negative binomial model as an alternative to
Poisson for modeling animal count data (e.g. Kery et al. 2005, Millspaugh et al. 2006).
The negative binomial model with individual animals as random effects did not
perform as well as the negative binomial model with fixed effects. Zhang et al. (2006)
also reported that negative binomial models with random effects sometimes failed to
converge. Model convergence is more likely when there are larger samples of
individuals and comparatively greater numbers of cells with nonzero values. I believe
there were adequate numbers of locations for individual bears to estimate resource
selection; however, I had few total individuals (» = 11-16) of each species. Several
authors have recommended >20 individuals with >50 independent locations for modeling

population-level resource selection (Alldredge and Ratti 1986, Thomas et al. 2006).
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Conclusions

I described the first effort to model spatial segregation and seasonal habitat selection of
sympatric brown and American black bears using explicit population-level inference. My
hypothesis of black bear avoidance of brown bears under the ideal despotic distribution
model was rejected in part as areas used by black bears and brown bears were positively
associated during spring. I surmise this was related to spatially-restricted (i.e., restricted
to low elevations) but dispersed availability of food and the spatial resolution used to
model resource selection. In contrast, the ideal despotic distribution model was
supported by bear resource selection during summer, suggesting that black bears were
displaced by brown bears from areas with spawning salmon, resulting in increased black
bear use of the dwarf shrub/herbaceous vegetation class. That is, black bear access to
salmon may have been restricted by brown bears, causing increased use of berries by
black bears (Belant et al. 2006). Black bears appeared to be spatially constrained from
areas containing seasonal resources of high nutritive value, resulting in their use of areas
containing less suitable forage. Although spatial avoidance by black bears was
demonstrated, habitat attributes appeared to more strongly influence each species’
distribution. This work, in combination with previous individual-based observations,
suggests that avoidance of brown bears by black bears can occur at multiple spatial and
temporal scales and that individual interactions or avoidance of interactions influence
population-level responses. Sympatry with finer-scale spatial segregation of brown and
American black bears apparently occurs when desired resources are spatially restricted

and alternate resources are available to the subordinate species.
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Table 2.1 Model-fitting results for resource selection of 2 km* and 4 km? cells by brown and American black bears in

southcentral Alaska during spring (May-June) and summer (July-September) 2000. Models are compared according to number

of parameters (K), Akaike’s Information Criterion corrected for sample size (AIC,), the difference in AIC, from best-fitting

model (AAIC,), model weight (w), and model rank.

2 km? cells 4 km” cells
Species Season Model? K AIC., AAIC, w Rank AIC. AAIC, w Rank
Brown Spring ELEV, ELEV” 4 5836.2 0.0 0.56 1 2564.3 0.0 0.51 1
ELEV, ELEV?, 5 58376 14 028 2 2564.5 0.2 0.46 2
BLBEAR
VEG, ELEV, ELEV? 9 5840.6 34 0.10 3 2571.6 7.3 0.01 3
VEG, ELEV, ELEVZ, 10 5841.7 45 006 4 2571.8 7.5 0.01 4
BLBEAR
VEG 7 5860.2 240 <0.01 5 25754 11.1 <0.01 6
VEG, BLBEAR 8 5861.6 254 <0.01 6 2576.4 12.1 <0.01 8
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Table 2.1 (Continued)
Species Season  Model®
Brown Spring NULL
BLBEAR
Summer DISSTREAM, ELEV,

ELEV?
DISSTREAM, ELEV,
ELEV? BLBEAR
DISSTREAM
DISSTREAM,
BLBEAR

ELEV, ELEV?,

BLBEAR



2 km? cells 4 km? cells
AIC. AAIC. W Rank AIC. AAIC, W Rank
58650 28.8 <001 7 25746 103  <0.01 5
5866.9 30.7 <0.01 8 25762 119  <0.01 7
11849.3 00 065 1 5067.5 0.0 0.69 1
11850.5 1.2 035 2 5069.2 1.7 0.30 2
11872.1 22.8 <0.01 3 5076.7 9.2 0.01 3
11873.4 241 <0.01 4 5078.1  10.6 <0.01 4
119252 759 <0.01 5 5107.8  40.3  <0.01 6
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Table 2.1 (Continued)

Species Season  Model® K
Brown Summer ELEV, ELEV® 4
NULL 2

BLBEAR 3

Black Spring  VEG 7
VEG, BRBEAR 8

NULL 2

BRBEAR 3

Summer VEG,ELEV,ELEV? 9

VEG, ELEV, ELEV?, 10

BRBEAR

ELEV, ELEV?



2 km? cells 4 km?® cells
AIC, AAIC. W Rank  AIC. AAIC. W  Rank
119268 775 <001 6 51064 389 <0.01 5
11987.5 1382 <001 7 51258 583 <001 7
11987.6 1383 <0.01 8 51275 600 <001 8
3050.3 00 073 1 1270.7 00 063 1
30523 20 027 2 1272.6 19 024 2
30948 445 <0.01 3 12747 40 009 3
30964 464 <0.01 4 1276.4 57 004 4
66079 0.0 054 1 2909.2 29 012 3
66082 03 046 2 2910.7 44 006 4
6619.1 112 <001 3 2906.3 00 052 1
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Table 2.1 (Continued)

2 km?’ cells 4 km?” cells
Species Season Model® K AIC., AAIC, W  Rank AIC, AAIC, /4 Rank
Black Summer ELEV, ELEV?, 5 6619.5 11.6 <0.01 4 2907.8 1.5 0.25 2
BRBEAR
VEG 7 66228 149 <001 5 2912.0 5.7 0.3 5
VEG, BRBEAR 8 66228 149 <0.01 5 2913.4 7.2 0.1 6
NULL 2 66514 435 <001 6 2918.0 11.7 <0.01 7
BRBEAR 3 66524 445 <001 7 2919.8 13.5 <0.01 8

® Model terms are elevation (ELEV), quadratic elevation (ELEV?), distance to nearest stream containing salmon

(DISSTREAM), dominant vegetation type (VEG), intensity of brown bear use (BRBEAR), and intercept only (NULL).
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Table 2.2 Model averaged population-level habitat selection parameter estimates for brown and American black bears using 2

km” and 4 km? cells, southcentral Alaska, during spring (May-June) and summer (July-September) 2000. All models with

AAIC, scores <2 are included.

2 km? cells 4 km? cells
95% confidence 95% confidence
Model Parameter  Standard Limit Parameter  Standard Limit
Species Season® term estimate error Upper Lower estimate error Upper _Lower
Brown Spring ELEV 2219 0.214 1.458 3.123 2917 0.626 1.581 4.444
ELEV? -2.723 0.257 -3.633 -0.591 -3.419 0.704 -5.039  -1.800
BLBEAR 0.019 0.003 -0.034 0.073 0.104 0.018 -0.072  0.281
Summer ELEV 2.289 0.201 1.410 3.168 2.738 0.535 1.311 4.164
ELEV? -1.865 0.520 -3.708 -1.686 -3.063 0.635 -4.618  -1.509
DISSTREAM  -1.865 0.090 -2.249 -1.507 -2.665 0.184 -3.330 -2.203
BLBEAR -0.032 0.032 -0.100 0.036 -0.030 0.007 -0.123 0.060
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Table 2.2 (Continued).

2km’ cells 4 km® cells
95% confidence 95% confidence
Model Parameter Standard level Parameter  Standard level
Species Season term estimate error Upper Lower estimate error Upper _Lower
Black Spring  Conifer -3.205 0.539 -4.393 -2.019 -4.178 2.659 -7.160 -1.197
Deciduous 0.195 0.050 0.069 0.494 0.635 0.001 0.410 0.704
Dwarf shrub/ 0.701 0.371 0.090 1.485 -3.006 1.435 -5.195 -0.818
herbaceous
Sparse/non- -2.655 0.095 -3.151  -1.290 1.465 0.003 1.371  1.557
vegetated
Snow/Ice -3.701 0.384 -4.081 -1.634 -0.152 0.063 -0.613  0.307
BRBEAR 0.009 0.004 -0.120 0.139 0.018 0.022 -0.124  0.159
Black Summer Conifer -4.669 1.086 -6.711 -2.626
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Table 2.2 (Continued).

2km* cells 4 km’ cells
95% confidence 95% confidence
Model Parameter = Standard level Parameter  Standard level
Species Season term estimate error Upper Lower estimate error Upper Lower
Black Summer Deciduous -0.264 0.204 -1.141 -0.021
Dwarf shrub/ 1.256 0.698 -0.384 2.893
Herbaceous
Sparse/non- -0.520 0.177 -1.344 0.304
vegetated
Snow/Ice -1.637 0.400 -2.872 -0.002
ELEV -0.075 0.489 -1.353 1.382 0.784 0.595 -0.541  2.108
ELEV? -1.040 0.473 -2.389 0.308 -1.545 0.716 -3.182 -0.339
BRBEAR -0.087 0.005 -0.213 0.038 -0.041 0.012 -0.147  0.067
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1 Distribution of radio telemetry locations of bears (brown and American black)

during May-September 2000, southcentral Alaska. Grid size is 2 km?; solid line is 100%

minimum convex polygon of all bear locations.
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Fig. 2.2 Percent use of elevation classes by brown bears (top panel) during spring (May-
June) and summer (July-September), and by black bears (bottom panel) during summer,
2000, southcentral Alaska. Solid line represents percent of cells by elevation classes
within study area.
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SAMPLING CONSIDERATIONS FOR AMERICAN BLACK AND BROWN

BEAR HOME RANGE AND HABITAT USE!

Abstract: We deployed 72 collars with global positioning system (GPS) receivers on
female brown bears (Ursus arctos) and black bears (U. americanus) in southcentral
Alaska during 1998-2000 to evaluate collar performance and to estimate home range and
habitat use. Overall, 67% of relocation attempts were successful (range = 10-93%).

Most frequent causes for unsuccessful relocation attempts were inadequate number of
satellites available and GPS antenna failure. There were differences (P < 0.05) in
proportion of successful relocations by time of day, with lower success during 0800-1359
and 1800-0159 h. The proportion of successful relocations also decreased (P < 0.05)
across half-month intervals. Using minimum convex polygon (MCP) and fixed kernel
simulations for 6 individuals of each species, We estimated that >40 locations were
typically required to estimate May-September home ranges and that >40 and >50
locations were typically necessary to estimate spring (late May-Jun) and summer (Jul-late
Sep) home ranges. Precision of both models increased with sample size. More locations
were generally required to describe the total area used by a bear (MCP method) than the
utilization distribution using the fixed kernel method. For each bear, within-year habitat

use differed (P < 0.05) seasonally. Within-season habitat use differed (P < 0.05) among

! Belant, J. L., and E. H. Follmann. 2002. Sampling considerations for American black
and brown bear home range and habitat use. Ursus 13:299-315.
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individuals for each species. Furthermore, diurnal (0700-1859 h) and nocturnal (1900-
0659 h) seasonal habitat use differed (P < 0.05) in 13% and 42% of all cases for black
and brown bears, respectively. Acquiring adequate relocations to estimate home range
and habitat use with conventional VHF telemetry may be prohibitive, particularly in
remote areas. Potential biases from obtaining locations during only a portion of the 24-h
period should also be considered. Analyses and interpretation of habitat data derived
from studies with too few locations should be made with caution. Future investigators of
black and brown bear home range and habitat use need to consider sampling designs

seriously to ensure that data collected meets study objectives.

Key words: Alaska, black bear, brown bear, fixed kernel, global positioning system,
habitat use, home range, minimum convex polygon, radio telemetry, Ursus americanus,

Ursus arctos.

INTRODUCTION

Radio telemetry has been used in studies of free-ranging wildlife for almost 40
years (Rodgers 2001). The most frequent type of wildlife radio telemetry or radio
tracking involves very high frequency (VHF) transmitters attached to animals from
which investigators use a receiver to obtain the transmitted frequency to estimate animal
locations. Although initial cost of VHF telemetry equipment is comparatively low, costs

increase rapidly as the number of animals and locations required to meet study objectives
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increase. Wildlife studies in remote or extensive study areas frequently require aerial
radio telemetry, which can increase costs even more. Furthermore, because of logistic
and economic constraints, certain types of studies (e.g., fine-grained habitat use) may not
be practical. In the early 1980s, substantial advances in technology resulted in the
development of satellite telemetry systems, most notably Argos- and GPS-based systems
(Fancy et al.1988, Harris et al. 1990, Tomkiewicz 1996, Rodgers 2001). Depending on
study objectives and location, these systems offer considerable potential for reducing

logistical problems.

Various methods for estimating animal home ranges have been developed,
beginning with the minimum area polygon (Mohr 1947). Despite several shortcomings
of this technique (White and Garrot 1990, Seaman et al. 1999), the minimum area
polygon remains one of the most common home range estimators in use. Numerous
nonparametric home range estimators and associated software have since been developed
including the harmonic mean, fourier series, bivariate and modified bivariate normal
model 95% ellipse estimator, and adaptive and fixed kernel methods (Jenrich and Turner
1969, Koeppl et al. 1975, Dixon and Chapman 1980, Anderson 1982, Worton 1987,
Seaman et al. 1999). Of the nonparametric methods available, the fixed kernel has been
recently considered the most suitable for estimating animal home ranges (Worton 1995,

Seaman et al. 1998, 1999).

Although telemetry technology and home range modeling techniques have

received considerable attention, less emphasis has been placed on determining the
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number of locations necessary to define with precision the home range of animals.
Several authors have recently conducted simulation analyses using theoretical or
empirical datasets (Worton 1995, Hansteen et al. 1997, Seaman and Powell 1996,
Seaman et al. 1999). Little information, however, is available for determining the
number of locations necessary to define the home ranges of bears. Arthur and Schwartz
(2001) modeled brown bear home ranges on the Kenai Peninsula, Alaska, using MCP and
kernel methods. Through simulation using empirical data, these authors found that >60
(MCP) and >80 (fixed kernel) locations were required to obtain precise (coefficient of
variation [CV] < 0.50) estimates of home ranges during June-September. We are not
aware of simulations with empirical data used to estimate the number of locations
necessary to define black bear annual home ranges or seasonal home ranges of either

species.

Estimating the use of space within the home range of an animal is critical for
assessing habitat use. Several previous bear habitat use studies have employed what has
been termed a Design I study (Thomas and Taylor 1990, Manly et al. 1993). In Design I
studies, habitat is measured at the population level and individuals are not considered.
The potential shortcomings of this design have been described (White and Garrott 1990,
Manly et al. 1993, Otis and White 1999). Other bear habitat use studies have employed
Design II and III studies which consider the individual animal and are preferable for
habitat use analysis (Manly et al. 1993, Otis and White 1999). Advantages include using

design-based rather than model-based inferences, employing techniques at the individual
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rather than population level, and ability to examine possible differences among cohorts

(Manly et al. 1993).

In addition to an improved understanding of basic experimental design,
considerable effort has been focused recently on improving analytical models for habitat
use studies (Aebischer et al 1993, Manly et al. 1993, Cherry 1996, Gautestad et al. 1998).
With the exception of seasonal habitat use (e.g., Costello and Sage 1994, Waller and
Mace 1997, McLellan and Hovey 2001), however, little attention has focused on
potential temporal effects on habitat use. Schooley (1994) documented problems
associated with pooling habitat use data across years for black bears. This author found
that preferred habitats differed among years and that combining data from multiple years
masked these preferences. Beyer and Haufler (1994) documented variation in daily
sampling period for determining habitat use of elk (Cervus elaphus), noting significant
differences between day and night habitat use. Thus, substantial temporal variation in
habitat use may exist that is not typically incorporated in studies of bear habitat use. In
addition, the number of locations required to define adequately home ranges to provide

estimates of habitat availability appear to be considered infrequently.

Our goal was to determine sampling requirements necessary to describe black and
brown bear home range and habitat use. Specific objectives were 1) to evaluate the
efficacy of GPS collars on black and brown bears, 2) to determine the precision of annual
and seasonal home ranges using MCP and fixed kernel methods, and 3) to determine if

habitat use differs between seasons and by time of day.
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STUDY AREA

The study was conducted during May-Sep, 1998-2000 in southcentral Alaska,
bounded by the Alaska Range to the north and between the Yentna and Chulitna river
drainages on the west and east, respectively. The study area included the southeastern
portion of Denali National Park and Preserve and Denali State Park. Elevations ranged
from about 180-1,650 m. Several medium-sized glacial-fed rivers traversed the study
area. Lower elevations were characterized by spruce (Picea glauca and P. mariana),
white birch (Betula papyrifera), and alder (Alnus spp.) with numerous wet meadows
containing sedges and grasses. Mid elevations (about 400-800 m) contained shrub-
dominated habitat including dwarf birch (B. glandulosa) and willow (Salix spp.). With
the exception of stream drainages which contained shrubs or small trees, elevations >800
m were dominated by tundra, exposed rock slopes, and glaciers.
METHODS
Capture and Handling

Bears were captured opportunistically by aerially searching mountain slopes, river
drainages, and open meadows and tundra. Bears initially observed by spotters in fixed-
wing aircraft were captured using immobilizing darts fired from a helicopter (Taylor et al.
1989). Bears were immobilized with a combination of equal parts tolazoline and
zolazopam (Telazol®, Fort Dodge Laboratories, Inc., Fort Dodge, Iowa). We monitored
body temperature, respiration, and heart rate of bears during handling procedures.
Female bears were then fitted with a GPS store-on-board collar with VHF transmitter

which weighed 1.7 kg. After handling, bears were typically left at the capture site to
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recover from the immobilant and were checked by aircraft 1-2 days later to assess
recovery. Capture and handling procedures were approved by the University of Alaska
Fairbanks Institutional Animal Care and Use Committee.

We deployed 72 GPS collars, typically during May. Collars (n = 12, 24, and 36
in 1998-2000, respectively) were distributed equally between independent females of
each species each year. Memory was not restored on 11 collars refurbished for use in
1999, these collars were excluded from analyses. We attempted to retrieve all collars at
the end of each field season and sent them to the manufacturer to download location data
and refurbish collars for use in subsequent years.

Telemetry System

We used first- and second-generation GPS store on board collars (Telonics Inc.,
Mesa, Arizona). Characteristics of these collars have been described previously
(Tomkiewicz 1996, Schwartz and Arthur 1999). Depending on the model and year, these
collars were programmed to attempt locations of animals at 5 h, 95 min, or 60 min
intervals beginning 5 or 10 May at 0000 h Greenwich Mean Time. GEN I collars
recorded fix number, date, time, latitude, longitude, and general cause of unsuccessful
location. GEN II collars included information contained in GEN I collars in addition to
whether the location was 2D or 3D, horizontal dilution of precision, and satellites used to
obtain locations.

GPS Collar Performance
We summarized causes of failure to obtain successful locations for each bear as

recorded by the GPS receivers. To avoid potential bias between individual bears, only
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bears for which we obtained locations throughout an entire field season were used in
analyses (n = 20 black bears and 12 brown bears).

To compare percent of successful locations during the 24-h period, we divided
data into 12 2-hr intervals beginning at 0000 h. To assess temporal trends, data were
divided into approximate half-month intervals beginning with late May. Location data
for each bear were arcsine transformed before performing repeated measures analysis of
variance (SAS Institute, Inc. 1988). Statistical significance for these and all other
analyses was established as P < 0.050.

Home Range

We selected 6 individuals of each species that received GPS collars during 2000
for home range analyses. Home ranges were modeled using the MCP and fixed kemel
methods (Hayne 1949, Seaman and Powell 1996). We chose the MCP method because
of its frequent use in estimating home ranges and the fixed kernel method with least-
squares cross validation because of its improved performance over other nonparametric
estimators (Worton 1995, Seaman et al. 1999). We modeled MCP ranges using a
modification of a previously developed computer program (White and Garrott 1990,
Arthur and Schwartz 2001). Fixed kernel ranges were modeled using the software
program KERNELHR (Seaman et al. 1998). In addition to modeling overall home
ranges (late May-late Sep), we also modeled spring (late May-Jun) and summer (Jul-late
Sep) home ranges for each bear. We defined fixed kernel home range estimates as the

95% use distributions estimated from bear locations.
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For each bear-season, we randomly selected telemetry locations (without
replacement) in increments of 10 locations. To approximate field conditions more
closely using standard VHF telemetry techniques, selection of locations was restricted
such that not more than 1 location/day was used for each random draw. Locations within
a day were also selected at random. We used a maximum of 40 locations for spring, 80
for summer, and 100 for spring and summer combined. Because of the relative low
number of locations obtained for 1 black bear, a maximum of 70 locations was used for
this individual during summer. We obtained 1,000 random draws for each combination
of bear, season, and sample size. Thus, for each bear, we conducted 4,000 simulations
during spring, 8,000 during summer, and 10,000 combined home range estimates using
MCP and fixed kernel methods. We plotted mean home range size against sample size
for each bear-season combination. To assess precision in home range estimates and make
direct comparisons among home range methods, species, and seasons, we plotted the CV
against sample size. We arbitrarily chose a CV of <0.20 to represent reasonable precision
in home range estimates (Boulanger and White 1990, Otis and White 1999).

Home range size generally changes asymptotically with sample size for both the
MCP (area increases) and fixed kernel (area decreases) methods (White and Garrott
1990, Seaman et al. 1999). At present, no standardized technique exists for determining
when the number of locations obtained adequately represents the home range of an
animal. Metzgar and Sheldon (1974) used regression techniques to determine the
asymptote of change in area with increasing sample size to estimate home range. Other

authors (e.g., Van Dyke et al. 1995, Seaman et al. 1999) have used the approximate
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asymptote of area as an indication of suitable sample size. Odum and Kuenzler (1955)
suggested that a sample size in which each additional location resulted in an area increase
of <1% was adequate. We plotted percent change in mean home range size relative to the
next lower sample size for each combination of method, bear, and season. We then
approximated the suggestion of Odum and Kuenzler (1955) as described by Arthur and
Schwartz (2001) in which the sample size was considered adequate to describe the home
range when each additional 10-location increment resulted in a home range change of
<10%.
Habitat Use

Habitat use was determined from a landcover map developed from 1985 multi-
spectral satellite imagery with 80-m resolution resampled to 50 m (Fitzpatrick-Lins, K.,
G. F. Droughty, M. Shasby, and S. Benjamin. 1989. Alaska interim land cover mapping
program — final report. Open-File Report 89-128, U.S. Geological Survey, Reston,
Virginia, USA). ARC/INFO (ARC/INFO. 1998. Environmental Systems Research
Institute, Redmond, California, USA.) was used to extract habitat use data from imported
bear location data. No catastrophic events (e.g., fire) occurred in the study area between
image acquisition and this study. Habitats defined for analyses included conifer forest
(overstory >66% conifer) deciduous forest (overstory >66% deciduous), mixed forest
(overstory <66% conifer or deciduous), shrub, tundra, and sparse/non-vegetated.

We compared seasonal habitat use for individual bears during each year. In
addition, we determined whether habitat use differed among individuals within each

species by season each year. For additional habitat use analyses, we defined diurnal as
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0700-1859 and nocturnal as 1900-0659 to distribute the number of locations
approximately equally between periods and because the diurnal period generally
approximated the time period used in previous radio-telemetry studies of bear habitat use
conducted during daylight hours. Day and night time periods were not designed to reflect
the amount of daylight in southcentral Alaska, which exceeded the defined diurnal period
during the study.

To ensure sample sizes were large enough to avoid violating analytical
assumptions (Zar 1984, White and Garrot 1990), we analyzed habitat use only for bears
with >150 locations/season. We used Chi-square statistics (SAS Institute, Inc. 1988) to
compare habitat use between seasons and time periods for each bear and within each
season among individuals by species.

RESULTS
GPS Collar Performance

Overall, 67% of relocation attempts were successful (range = 10-93%). Most
frequent causes for unsuccessful relocation attempts were inadequate number of satellites
available and GPS antenna failure (Table 3.1). During 1998-1999, GPS antenna failure
was apparently a result of the GPS antenna separating from the canister. This problem
was particularly evident with grizzly bears; for example, in 1998, virtually no locations
were obtained for 5 of 6 grizzly bears after June. The manufacturer consequently
modified the GPS antenna which resolved the problem for the 2000 field season. The

overall increase in percent successful locations from 1998-2000 was largely a
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consequence of correcting this problem. Thus, we believe that data collected during 2000
reflected actual collar performance.

Percent of successful location attempts differed among 2-hr intervals for both
species (F = 33.37; 11,330 df; P <0.001; Fig. 3.1). Fewer locations were obtained for
black bears than brown bears from 0800-1359 (F = 9.88; 11,330 df; P < 0.001). Percent
of successful location attempts for black bears was lower from 0800-1359 h than during
the rest of the day. For brown bears, percent of successful relocations was lower during
1000-1359 h and 1800-0159 h.

There was a general decline overall in percent of successful locations across half-
month intervals (F = 29.82; 7,210 df; P <0.001, Fig. 3.2) for both species. There was
also an interaction of location success and species (F = 6.30; 7,210 df; P < 0.001), with
percent of successful locations declining at a greater rate for brown bears than black
bears.

Home Range

MCP home ranges for both species typically reached an asymptote as sample
sizes increased (Figs. 3.3-3.4). An exception was black bear 9952, whose summer and
combined home ranges did not clearly reach an asymptote after 80 and 100 locations,
respectively. In contrast, black and brown bear fixed kernel home ranges consistently
decreased in area as sample sizes increased (Figs. 3.3-3.4). The only notable exception
was black bear 0079, whose spring home range area continued to decrease at a similar

rate through 40 locations.
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Initial MCP home range areas were usually smaller than fixed kernel home ranges
but were ultimately larger as sample sizes increased (Figs. 3.3-3.4). For black bears
during spring, MCP home ranges generally became larger than fixed kernel home ranges
between 20-30 locations (Fig. 3.3). However, the summer and combined home ranges of
two black bears did not converge until 80 locations were modeled. Brown bear MCP and
fixed kernel home ranges typically converged at 10-30 locations (Fig. 3.4).

Differences in MCP and fixed kernel home ranges were considerable for both
species in all seasons. Black bear spring, summer, and combined MCP home ranges
were as much as 5 times greater than were the same home ranges using fixed kernel (Fig.
3.3). Variation for brown bears was even greater, with spring, summer, and combined
MCP home ranges as much as 17 times greater than were fixed kernel home ranges (Fig.
3.4).

Precision of home range estimates varied considerably between species and
seasons (Figs. 3.5-3.6). Coefficients of variation were typically lower for MCP home
ranges than fixed kernel home ranges of comparable sample size (Table 3.2). Similarly,
CV for MCP home ranges stabilized with fewer locations than did CV for fixed kernel
home ranges. Variability among fixed kernel estimates within a season was greater than
MCP estimates for both species.

Black bear MCP home ranges during spring, summer, and combined were
generally of adequate precision (CV < 0.20) between 20-30, 20-40, and 20-50 locations,
respectively (Fig. 3.5, Table 3.2). The exception was black bear 9952, which required

>70 locations during summer for CV to be <0.20. The CV for this individual’s combined
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MCP home range was 0.23 for 100 locations. Variability of black bear fixed kernel home
ranges during spring remained high, with CVs of 0.33-1.06 at 40 locations. Precise
estimates of combined black bear home ranges generally required >80 locations, with 3
individuals requiring >100 locations.

Fewer than 40 locations were needed typically for spring and summer brown bear
MCP home ranges to have a CV < 0.20 (Fig. 3.6, Table 3.2). The exception was an
individual which required >60 locations for the combined home range. In contrast,
variability of 5 of 6 brown bear spring fixed kernel home ranges was >0.20 at 40
locations. Variability was high (CV >0.32) for 4 and 5 brown bear summer and
combined home ranges using 80 locations. In fact, 5 of 6 brown bear combined home
ranges using the fixed kernel method were imprecise (CV > 0.31) with 100 locations.

More than 40 locations were required for 4 black bears during spring to have a
reduction in MCP home range area of <1%/location (Fig. 3.7). For a similar rate of area
reduction in summer and combined MCP home ranges, 3 black bears required >30
locations, 2 required >40 locations, and 1 required >70 locations. Number of locations
required for fixed kernel home range estimates was even greater. More than 40 locations
were necessary for 5 of 6 spring black bear home ranges. In summer, 4 black bears
required >40 locations and for combined home ranges, >40 locations were needed for 3
individuals.

More than 40 locations were required for 3 brown bears during spring to have a
reduction in MCP home range area of <1%/location (Fig. 3.8). Similarly, 5 brown bears

required >30 locations during summer and 3 brown bears required >40 locations for
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combined MCP home ranges. Using fixed kernel, all 6 bears required >40 locations for
home range estimates during spring, summer, and combined seasons. For summer and
combined home range estimates, 3 and 2 individuals, respectively, needed >70 locations.
Habitat Use

In all cases, spring and summer habitat use differed for individual black and
brown bears (x* = 14.99-781.67, df = 4-5, P <0.010). In addition, seasonal habitat use
differed (x2 =292.71-3,482.91; df = 20-75; P < 0.001) among individuals within each
species during each year (e.g., Fig. 3.9).

Several individuals of both species exhibited differences (P < 0.050) between
diurnal and nocturnal habitat use (Table 3.3). For black bears, day and night habitat use
differed (P < 0.050) in 11% and 14% of instances during spring and summer,
respectively. For brown bears, day and night habitat use differed (P < 0.050) in 29% and
56% of instances during spring and summer, respectively. Diurnal and nocturnal
seasonal habitat use differed (P < 0.050) in 13% and 42% of all cases for black and
brown bears, respectively (e.g., Fig. 3.10).

DISCUSSION
GPS Collar Performance

Vegetation may have affected GPS collar performance in this study, percent of
successful locations declined temporally for both species, with highest rates obtained
during May-early July. Similarly, Schwartz and Arthur (1999) documented a temporal
decline in successful locations obtained for brown bears in the Kenai Peninsula, Alaska.

These authors concluded that GPS performance was largely unaffected by vegetation;
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however, increased vegetative closure was inversely associated with fix rate. Although
temporal variation was not assessed, vegetation also was determined to have a significant
effect overall on successful location attempts of black bears and moose (4lces alces)
(Rempel et al. 1995, Moen et al. 1996, Obbard et al. 1998). The decrease in number of
locations obtained in this study may have resulted in part from a general increase in
vegetative cover as summer progressed.

Although location acquisition rates declined temporally for both species, the rate
of decline was greater for brown bears. This decline coincided with salmon spawning
runs which began in July (summer) each year. At this time, brown bears typically moved
to lower elevation riparian areas containing denser overstory vegetation to feed on
salmon. Black bears moved less extensively and did not make comparable movements.
Thus, the greater temporal reduction in successful locations for brown bears was likely
influenced by major shifts in habitat use.

The lower number of successful locations observed during parts of the 24-hr
period may be attributed to bear behavior. For example, bears moving into dense cover
or lying down during a fix acquisition attempt would preclude successful locations.
Similar to this study, Obbard et al. (1998) documented variability in successful location
attempts for black bears by time of day, with fewer locations generally obtained during

the afternoon and early morning. Lower success of locations obtained for brown bears in
this study corresponds reasonably well with observed resting periods for grizzly bears in

Denali National Park north of the Alaska Range (Stelmock and Dean 1986).
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Home Range and Habitat Use

Although home ranges of some bears in this study were adequately described with
as few as 30 locations, home ranges for the ‘population’ of bears were not defined during
some seasons until >80 locations were obtained. For seasonal home ranges, this
represented obtaining >1 location/day. More locations were necessary to define home
ranges with adequate precision (CV <0.20). The minimum number of locations
recommended previously for kernel home range analyses (>30 or >50; Seaman et al.
1999) appear too few for defining black and brown bear home ranges, at least in this
study area. For fixed kernel analyses, we recommend obtaining >80 locations to describe
black and brown bear annual home ranges. For annual home ranges using MCP, we

recommend using 60-90 locations.

Based on study objectives and definition of home range used, either MCP or fixed
kernel may be employed for home range analyses. The MCP is useful for estimating the
total area used by an individual, and has been used to evaluate home range overlap
(Horner and Powell 1990, Wertz et al. 2001). In contrast, kernel methods provide a
density estimate of the area used by an individual (White and Garrott 1990, Seaman et al.
1999) and are more suitable for resource selection studies.

Seaman et al. (1999) recognized that estimates along the periphery of home
ranges are unreliable relative to estimates of core areas. Outer portions of the home range
often contribute substantially to the total area yet the least amount of data are available to
support these estimates. This appears to have a greater influence on MCP home ranges

than kernel home ranges. Seaman et al. (1999) recommended that future studies place
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greater emphasis on core areas for home range and habitat selection analyses. Additional
research with simulated and empirical data is required to assess the effects of sampling
intensity on accuracy and precision of core areas within home ranges. Sample size and
model used has been demonstrated to affect home range (Seaman et al. 1999, Arthur and
Schwartz 2001, this study); similar effects may exist for core areas within home ranges.
Autocorrelation, or dependence of radio telemetry locations, often has been
reported as a problem for home range and habitat use analyses (Swihart and Slade 1985,
Litvaitis et al. 1994). Conversely, other authors have stated that autocorrelation typically
will not be problematic, provided habitat use is defined at the individual level and data
collection for home range analyses is unbiased during the period of interest (Swihart and
Slade 1997, Otis and White 1999). Using Schoener’s index #/#* (Schoener 1981, Swihart
and Slade 1985) on black bears in North Carolina, Powell (1987) determined that it may
not be possible to obtain enough statistically independent locations to estimate home
ranges. Although we did not determine independence of locations, if Powell’s (1987)
estimates of the time interval for independence between locations were valid for this
study, it would be difficult or impossible to determine home ranges on a seasonal or
annual level. We believe that bear movements within a home range are not independent,
that movements are in part a result of previous movements and experience. Although
data for individual bears in this study were not independent, because data were collected
systematically throughout defined intervals, we do not believe that autocorrelation of data

is of concern (see Swihart and Slade 1997, Otis and White 1999).
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A suitable number of locations was obtained in this study using GPS collars to
assess habitat use at the individual level. Using location estimates as the sampling unit
among individuals in a population to determine habitat use is a form of pseudoreplication
(Otis and White 1999). These authors, among others (e.g., White and Garrott 1990,
Thomas and Taylor 1990, Manly et al. 1993), have recommended that the individual
animal be used as the unit of replication. Multiple techniques are available to define
habitat use for a given population using the individual animal (Johnson 1980, Alldredge
and Ratti 1986, 1990, Aebischer et al. 1993). Manly et al. (1993) and Otis and White
(1999) described advantages of using individuals as the unit of replication.

It is often difficult to monitor enough individuals to have high power to detect
differences in home range or habitat use (see Arthur and Schwartz 2001). Statisticians
(e.g., Zar 1984) have demonstrated that the number of individuals represented is of
greater importance than is the number of locations obtained for each individual. Otis and
White (1999) further stated that GPS collars could enhance this problem because their
greater cost may result in researchers buying fewer units and thus monitor fewer
individuals. We support Otis and White (1999) in that both the number of locations
obtained/individual and total number of individuals monitored is critical for assessing
habitat use for a population. Too few individuals monitored will not adequately reflect
the population; similarly, too few locations/individual will not represent the individual
which in turn cannot represent the population. Ensuring that enough locations are
obtained define the home range, whether seasonal or annual, will reduce error and

provide better estimates of habitat use.
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Otis and White (1999) mentioned the need to theoretically address the effects of
variable numbers of locations obtained among individuals on habitat use. Indeed, in this
study the number of locations varied by several hundred which could result in biased
assessments of habitat use among bears. One solution would be to standardize the
number of locations used among bears. A second method would be to standardize the
precision among home range estimates. A third means to potentially reduce this problem
is to use locations only to define the relative area used by each bear, for example, using
the fixed kernel method to define individual 95% and 50% contours. In this case, habitat
selection could be assessed by comparing habitat within the 50% contour (‘preferred’) to
habitat within the 95% contour (‘available’). This form of analyses may also aid in
reducing the potential adverse effects of vegetative closure on fix rate. It should be
recognized that heterogeneity of habitat (e.g., patch size and juxtaposition) could affect
derived selection indices in this analyses. Using bears as the unit of replication would
provide equal weight among individuals, further reducing this potential bias.

We reviewed 32 articles on black and brown bear habitat use published in the
Journal of Wildlife Management (1977-2000) and from proceedings of The International
Conference on Bear Research and Management (1977-1994) and Ursus (1998) to assess
timing of data collection. A majority (79%) of these studies reported collecting habitat
data only during the diurnal period or did not provide adequate detail to determine the
timing of data collection. We presumed that the majority of studies that did not report the
timing of collection obtained habitat use information collected during the day only. This

study illustrates the importance of sampling habitat use based on the entire 24-h period.
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For example, diurnal sampling of black bear habitat suggested higher than expected use
of shrub habitat, whereas sampling at night revealed the relative importance of sparsely-
vegetated habitat (Fig. 3.10). Similarly, diurnal brown bear habitat use was
predominantly deciduous forest, whereas night sampling revealed almost equal use of
shrub habitat.

In many portions of their range, brown and black bears have been reported as
being primarily diurnal or crepuscular (Amstrup and Beecham 1976, Lindzey and
Meslow 1977, Garshelis and Pelton, 1980, Bjarvall and Sandegren 1987, Mace and
Waller 1997). In addition to the relative ease and convenience of collecting data during
the day, this may explain why a majority of studies of bear habitat use were conducted
during the diurnal period. However, many of the above-mentioned studies reported that
bears were also active at night. Furthermore, that several studies have documented
extensive diurnal or crepuscular activity does not imply that bears under some
circumstances or in portions of their range cannot be at least as active during night as
during the day. For example, Ayres et al. (1986) reported that black bears in Sequoia
National Park that relied in part on food from campgrounds were active primarily during
night whereas bears that relied on natural foods were primarily crepuscular. Brown bears
have also been reported to be highly active at night (Pearson 1975, Roth 1983, Roth and
Huber 1986, Stelmock and Dean 1986). Activity patterns and levels of activity can vary
among cohorts (e.g., subadults, adult females with young), seasons, and even individual

bears (Roth 1983, Roth and Huber 1986, Stelmock and Dean 1986, Gunther 1991, Mace
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and Waller 1997). Thus, habitat use studies should conduct initial assessments of bear
activity patterns before establishing timing of location estimates.
MANAGEMENT AND RESEARCH IMPLICATIONS

Use of GPS collars offers several advantages over conventional VHF transmitters
or other telemetry systems including collection of data during inclement weather, greater
frequency of locations, reduction of human error, and increased cost effectiveness for
multi-year studies (Schwartz and Arthur 1999). Accuracy of locations using satellite
telemetry systems has been enhanced recently due to disablement of selective availability
(Hulbert and French 2001). Satellite and GPS telemetry now provide biologists greater
opportunity to collect data over 24 hours (Rodgers et al. 1996, Craighead 1998, Obbard et
al. 1998). For home range and habitat studies in remote or large geographic areas, GPS

or another satellite-based system may be the only practical alternative.

Because of differences in habitat use observed in this study, pooling location data
for bears within or across seasons is not recommended. Pooling seasonal data could
mask habitat selection, as has been demonstrated with between-year habitat selection for
black bears (Schooley 1994). As diurnal and nocturnal habitat use can also differ for
bears, inferences from data collected during only part of the 24-hr period cannot be
extrapolated to the entire 24-hour period a priori. In our simplistic example, managers
considering only daytime (0700-1859 h) brown bear habitat use may have decided to
reduce human development in shrub and sparsely-vegetated areas whereas if 24-hour data
had been available, greater emphasis may have been placed on protecting shrub habitat.

Thus, management recommendations based on data collected during part of the 24-hour
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period could be misleading or even detrimental to affected populations. Timing of
sampling and the potential limitations of habitat use data should be explicitly stated prior
to formulating decisions.

We believe that additional integration of home range and habitat use methods is
necessary to understand resource selection of bears, as well as other species.
Incorporating appropriate sampling efforts relative to species’ activity patterns and daily
and seasonal use of resources is essential to define home ranges and associated habitat
selection. Analyses and interpretation of habitat data derived from studies where habitat
use was not a primary objective (i.e., too few locations) should be made with caution.
Future studies need to collect enough locations to ensure reasonable estimates of home
range and habitat use. Having adequate numbers of locations to analytically define home
range or habitat use does not in itself mean data are unbiased. Additional research
understanding apparent biases of canopy cover and bear behavior on location acquisition
rates are needed to ensure accuracy of data. Future investigations of black and brown
bear home range and habitat use must seriously consider sampling designs to ensure that
data collected meets study objectives.
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Table 3.1. Characteristics of GPS collar performance for black and brown bears,

southcentral Alaska, May-September 1998-2000.

Causes for location failure (mean % + SD)

Mean % (+ SD) Too few

Species Year successful fixes satellites No GPS time®
Black 1998 66.1+7.5 20.5+4.1 10.5+8.0
1999 61.4+12.3 103+5.4 255479
2000 75.9+7.2 17.2+3.8 54+45
Combined 70.2 +10.9 15.8+5.6 11.8+10.6
Brown 1998 333+17.8 15.7+8.4 50.1 +25.7
1999 44.1 +29.8 125+ 6.7 4324335
2000 80.6 +7.7 134+5.0 52+32
Combined 63.3+26.3 13.7+6.0 222+274

? Includes GPS antenna failure (see results).
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Table 3.2. Number of locations needed to define minimum convex polygon (MCP) and

fixed kernel home range ‘accuracy’ (<1% mean change in area/additional location) and

precision (CV <20%) for female black and brown bears, southcentral Alaska, 2000.

Black bear Brown bear
Parameter Season MCP  Fixed kernel MCP Fixed kernel
Accuracy Spring >40 30->40 >40 >40
Summer 40 - 80 40-70 40-60 50->80
Combined 40-90 40 - 60 40-60 50-80
Precision Spring 20-40 >40 20—-40 >40
Summer 20-80 70 - >80 20-40 40->80
Combined 20 ->100 70 ->100 20-70 80-90
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Table 3.3. Number of individual female black and brown bears exhibiting differences
between night (1900-0659) and day (0700-1859) seasonal (spring = late May-Jun;

summer = Jul-late Sep; combined = late May-late Sep) habitat use, southcentral Alaska,

1998-2000.

Species Season P<0.05 0.05<P<0.10 P>0.10 Total

Black Spring 3 4 20 27
Summer 4 3 21 28
Combined 7 7 41 55

Brown Spring 5 0 12 17
Summer 10 2 6 18
Combined 15 2 18 35
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Fig. 3.1. Mean (+ SD) percent successful locations by 2-hr interval obtained for female
black (» =20) and brown (n = 12) bears with GPS collars, southcentral Alaska,
May-September, 1998-2000.
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Fig. 3.2. Mean (+ SD) percent successful locations by half-month interval obtained for
female black (» = 20) and brown (n = 12) bears with GPS collars, southcentral
Alaska, May-September, 1998-2000.
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Fig. 3.3. Examples of effects of sample size on area (km?) estimates (+ SE) of spring (late
May-Jun), summer (Jul-late Sep), and combined (late May-late Sep) home
ranges using minimum convex polygon (squares) and fixed kernel (diamonds)
for two female black bears, southcentral Alaska, 2000. Each data point
represents 1,000 simulations using randomly-selected subsets of data.
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Fig. 3.4. Examples of effects of sample size on area (km?) estimates (+ SE) of spring (late
May-Jun), summer (Jul-late Sep), and combined (late May-late Sep) home
ranges using minimum convex polygon (squares) and fixed kernel (diamonds)
for two female brown bears, southcentral Alaska, 2000. Each data point
represents 1,000 simulations using randomly-selected subsets of data.
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Fig. 3.5. Effect of sample size on coefficient of variation (CV) of home range estimates
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late Sep), using minimum convex polygon and fixed kernel methods for female
black bears, southcentral Alaska, 2000. Each data point represents the mean of
1,000 simulations using randomly-selected subsets of data.
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Fig. 3.6. Effect of sample size on coefficient of variation (CV) of home range estimates
during spring (late May-Jun), summer (Jul-late Sep), and combined (late May-
late Sep), using minimum convex polygon and fixed kernel methods for female
brown bears, southcentral Alaska, 2000. Each data point represents the mean of
1,000 simulations using randomly-selected subsets of data.
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relative to mean area estimate for 10 fewer locations. Each data point
represents the mean of 1,000 simulations using randomly-selected subsets of
data.
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Fig. 3.8. Percent change in female brown bear mean home area using successively
increasing locations during spring (late May-Jun), summer (Jul-late Sep), and
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represents the mean of 1,000 simulations using randomly-selected subsets of

data.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



128

Combined

Deciduous  Conifer Mixed Shrub Tundra  Sparse/no
forest forest Forest n-veg.
Habitat

9801 W9g03 Mg307 E9p08 MY312

Fig. 3.9. Individual female black bear habitat use during spring (May-Jun), summer (Jul-
Sep), and combined, southcentral Alaska, 1998.
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CONCLUSIONS

This study is the first effort to quantify partitioning of food resources by sympatric brown
(Ursus arctos) and American black (U. americanus) bears and relate their assimilated
diets to body condition and reproductive performance. Salmon predominated in brown
bear assimilated diets in this study area >200 km from the ocean coast, similar findings in
brown bear populations (Hilderbrand et al 1999). In contrast, black bears assimilated
more vegetation and appeared able to exploit salmon only when salmon abundance was
above the long-term mean. When black bears in this study exploited salmon, they
assimilated less than one-half the amount of salmon exploited by an allopatric population
of black bears (Jacoby et al. 1999). Apparently, presence or interference by brown bears
reduced black bear access to salmon, which caused black bears to use food sources of
lower nutritional value or that required more energy to exploit. Salmon represented a
majority of brown bear assimilated diet, and overall body size of brown bears was
comparable to coastal brown bear populations, supporting the importance of salmon to
body condition. Both species gained a majority of lean body mass during spring and all
body fat during summer when spawning salmon and berries became available. Black
bear reproduction was directly related to body condition (i.e., percent body fat), which
was positively associated with salmon assimilated in their diet. Consistently high body
condition across years in brown bears was reflected in consistently high reproduction.
Brown bears appeared to reduce the realized niche of black bears by altering their use of
salmon, causing black bears to rely on less available or less energy-efficient food sources

(e.g., moose, berries). Use of alternate foods by black bears was associated with lower
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body condition and reduced reproductive output. I conclude that in this area of Alaska,
brown bears formed in part the realized niche of black bears, which resulted in the
partitioning of food resources.

Use of GPS collars in this study offered several advantages over other telemetry
systems, including collection of data during inclement weather, greater frequency of
locations, reduction of human error, and increased cost effectiveness for multi-year
studies (Schwartz and Arthur 2001). For home range and habitat studies in remote or
large geographic areas, GPS or another satellite-based systems may be the only practical
solution.

Because of differences in habitat use I observed, pooling location data for bears
within or across seasons is not recommended. As diurnal and nocturnal habitat use also
differed, inferences from data collected during only part of the 24-hr period cannot be
extrapolated to the entire 24-hour period a priori. Management recommendations based
on data collected during part of the 24-hour period could be misleading or even
detrimental to affected populations. Sampling designs for collecting location data should
occur in relation to original study objectives.

I used the above analyses to assess spatial segregation and seasonal habitat
selection of sympatric brown and American black bears using population-level inference.
My hypothesis of black bear avoidance of brown bears under Fretwell’s (1972) ideal
despotic distribution model was rejected in part as black bears were positively associated
with areas containing brown bear during spring. I surmised this was related to spatially-

restricted (i.e., restricted to low elevations) but dispersed availability of food and the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



132

spatial resolution used to model resource selection. In contrast, the ideal despotic
distribution model was supported by bear resource selection during summer. Black bears
were in part displaced by brown bears from the most suitable areas during summer,
resulting in black bear use of less suitable areas. That is, black bear access to salmon was
restricted by brown bears, causing increased use of vegetation types containing alternate
foods. This restriction of use resulted in black bears using areas containing less nutritious
forage. Spatial segregation of brown and American black bears apparently occurs when
optimal resources are limited or spatially restricted and alternate resources are available
to the subordinate species.

Overall, similarities between brown and black bears for preferred and potentially
limited food resources will result in spatial co-occupancy only when these resources are
dispersed or suitable but less preferred resources are available. I contend that similarities
in preferred and potentially limited resources resulted in co-occupancy of areas at
moderate to coarse spatial resolutions. I suggest that black bears spatially avoided areas
with brown bears which influenced black bears’ population-level use of resources,
supporting the ideal despotic distribution model. The realized niche of black bears was
constrained by brown bears through partitioning of food resources, which varied among
years. Reduced access to areas containing salmon caused black bears to forage more
extensively in areas containing less predictable or nutritious food sources resulting in
lowered body condition and subsequent lowered reproduction. Long-term coexistence of
these species in this study area appears dependent on the distribution, abundance, and

availability of salmon and berries.
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Appendix

Negative binomial generalized linear mixed models with fixed effects were developed
using all model terms in factorial combination described in Chapter 2. Suites of models
including global (all model terms) and null (intercept only) models were developed for
brown and American black bears in southcentral Alaska during spring (May-June) and
summer (July-September) 2000 using the 2 km® and 4 km® grids. Model output (Table
A.1) is for descriptive purposes only; the intent is to provide insight to individuals

considering black or brown bear resource selection studies.
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Table A.1 Model-fitting results for resource selection of 2 km? and 4 km? cells by brown and American black bears in

southcentral Alaska during spring (May-June) and summer (July-September) 2000. Models are compared according to number

of parameters (K), Akaike’s Information Criterion corrected for small sample size (AIC,), the difference in AIC, from best-

fitting model (AAIC,), and relative rank by species and season.

2 km® 4 km®
Species  Season Model? K AIC, AAIC. Rank AIC. AAIC. Rank
Brown Spring ELEV, ELEV” 4 5836.2 0.0 1 2564.3 0.0 1
ELEV, ELEV?, BLBEAR 5 5837.6 1.4 2 2564.5 0.2 2
DISSTREAM, ELEV, ELEV? 5 5838.0 1.8 3 2566.2 1.9 3
DISSTREAM, ELEV, ELEV?, BLBEAR 6 5839.4 3.2 4 2566.4 2.1 4
VEG, ELEV, ELEV? 9 5840.6 4.4 5 2571.6 7.3 5
VEG, ELEV, ELEV?, BLBEAR 10 5841.7 5.5 6 2571.8 7.5 6
VEG, DISSTREAM, ELEV, ELEV? 10 5842.3 6.1 7 2573.6 9.3 8
VEG, DISSTREAM, ELEV, ELEV?, 11 5843.2 7.0 8 2573.8 9.5 9

BLBEAR

cel
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Table A.1 (Continued)

Species  Season

Model?

Brown Spring

Brown Summer

VEG, DISSTREAM

VEG, DISSTREAM, BLBEAR
VEG

VEG, BLBEAR

DISSTREAM

DISSTREAM, BLBEAR

NULL

BLBEAR

VEG, DISSTREAM, ELEV, ELEV?
VEG, DISSTREAM, ELEV, ELEV?,
BLBEAR

DISSTREAM, ELEV, ELEV?



2 km” 4 km”
K AIC. AAIC. Rank  AIC. AAIC. Rank
8 58539 177 9 25751 108 11
9 58554 192 10 25762 119 14
7 5802 240 11 25754 111 13
8 58616 254 12 25764 121 15
3 58630 268 13 25735 9.2 7
4 58650 300 14 25753 110 12
2 58650 288 15 25746 103 10
3 58669 307 16 25762 121 15
10 11846.0 0.0 1 5071.6 4.1 3
11 118479 1.9 2 50732 5.7 4
5 118493 3.3 3 50675 0.0 1

9¢1
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Table A.1 (Continued)

Species

Season

Model?

Brown Summer DISSTREAM, ELEV, ELEV”, BLBEAR

VEG, DISSTREAM

VEG, DISSTREAM, BLBEAR
DISSTREAM

DISSTREAM, BLBEAR

VEG, ELEV, ELEV?, BLBEAR
VEG, ELEV, ELEV?

ELEV, ELEV?, BLBEAR
ELEV, ELEV?

NULL

BLBEAR

VEG



2 km” 4km’
K  AIC. AAIC. Rank  AIC. AAIC. Rank
6 118505 45 4 5069.2 1.7 2
8 118674  21.4 5  5074.5 7.0 5
9 118693  23.3 6 50762 8.7 6
3 118721  26.1 7 5076.7 9.2 7
4 118734 274 8 50781 106 8
10 119189 729 9 51057 382 9
9 119192 732 10  5076.7 9.2 7
5 119253 793 11 51078 403 13
4 119268 808 12 51064 389 11
2 119875 1415 13 51258 583 14
3 11987.6 1416 14 51275 600 15
7 119898 1438 15 51058 383 10

LET
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Table A.1 (Continued)

Species  Season Model®

Brown Summer VEG, BLBEAR

Black Spring VEG, ELEV, ELEV?
VEG, ELEV, ELEV?, BRBEAR
VEG, DISSTREAM, ELEV, ELEV?
VEG, DISSTREAM, ELEV, ELEV?,
BRBEAR
VEG, DISSTREAM
VEG, DISSTREAM, BRBEAR
VEG
DISSTREAM, ELEV, ELEV?
VEG, BRBEAR

DISSTREAM, ELEV, ELEV? BRBEAR



2 km” 4 km”
K AIC. AAIC, Rank  AIC. AAIC, Rank
8 11990.0 1440 16 51072 397 12
9  3029.2 0.0 1 1267.8 6.0 6
10 3031.0 1.8 2 1269.7 7.9 9
10 30312 2.0 3 12737 119 13
11 3033.6 4.4 4 12742 124 14
8 30434 142 5 12714 96 11
9 30454 162 6 1268.5 6.7 7
7 30503 211 7 12707 89 10
5 30503 211 7 12618 0.0 1
8 30523  23.1 8 12643 2.5 3
6 30524 232 9 12726 108 12

8¢l
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Table A.1 (Continued)

Species Season

Model?

Black  Spring

Black Summer

ELEV, ELEV*

ELEV, ELEV?, BRBEAR
DISSTREAM

DISSTREAM, BRBEAR

NULL

BRBEAR

VEG, ELEV, ELEV?

VEG, ELEV, ELEV?, BRBEAR
VEG, DISSTREAM, ELEV, ELEV?
VEG, DISSTREAM, ELEV, ELEV?,
BRBEAR

VEG, DISSTREAM



2 km* 4 km”
K AIC, AAIC. Rank  AIC, AAIC. Rank
4 30551 259 10 1263.0 1.2 2
5 3057.1 279 11 12649 3.1 4
3 30617 325 12 12688 7.0 8
4 30639 347 13 12669 5.1 5
2 30948 656 14 12747 129 15
3 309.4 672 15 12764 146 16
9  6607.9 0.0 1 2909.2 3.0 8
10 6608.2 0.3 2 29107 45 12
10  6608.8 0.9 3 29090 28 8
11 6609.2 1.3 4 29103 41 11
8 6614.8 6.9 5 29062 0.0 1

6¢1



"uoissiwiad Jnoyum pangiyoad uononpoudal Jeyung -Jaumo JybuAdoo ayp Jo uoissiwiad ypm paonpolday

Table A.1 (Continued)

2 km* 4 km’
Species  Season Model? AIC, AAIC, Rank AIC. AAIC; Rank
Black  Summer VEG, DISSTREAM, BRBEAR 6614.9 7.0 6 29075 1.3 4
ELEV, ELEV? 6619.1 11.2 7  2906.3 0.1 2
DISSTREAM, ELEV, ELEV? 6619.1 11.2 7 29074 1.2 3
DISSTREAM, ELEV, ELEV?, BRBEAR 6619.4 11.5 8  2908.8 2.6 7
ELEV, ELEV?, BRBEAR 6619.5 11.6 9 29078 1.6 5
VEG 6622.8 14.9 10 2912.0 5.8 13
VEG, BRBEAR 6622.8 14.9 11 2913.4 7.2 14
DISSTREAM 6632.2 243 12 2908.1 1.9 6
DISSTREAM, BRBEAR 6633.1 252 13 2909.6 34 10
NULL 6651.4 43.5 14 29180 11.8 15
BRBEAR 6652.4 44.5 15 29198 136 16

4!
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Table A.1 (Continued)

# Model terms include (ELEV), quadratic elevation (ELEV?), distance to nearest stream containing salmon (DISSTREAM),
dominant vegetation type (VEG), intensity of black bear use (BLBEAR), intensity of brown bear use (BRBEAR), and intercept

only (NULL).
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