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Abstract The risk of infanticide may alter foraging
decisions made by females, which otherwise would have
been based on nutritional requirements and forage quality
and availability. In systems where meat resources are
spatially aggregated in late summer and fall, female brown
bears (Ursus arctos) would be faced with a trade-off
situation. The need of reproductive females to accumulate
adequate fat stores would likely result in a decision to
frequent salmon streams and consume the protein- and
lipid-rich spawning salmon. In contrast, aggregations of
bears along salmon streams would create conditions of
high risk of infanticide. We investigated consumption of
salmon by brown bears on Admiralty and Chichagof
Islands in Southeast Alaska from 1982 to 2000 using
stable isotope analysis and radiotelemetry. While nearly all
males (22 of 23) consumed relatively large amounts of
salmon (i.e., >10% relative contribution to seasonal diet),
not all females (n =56) did so. Five of 26 females for
which we had reproductive data, occupied home ranges
that had no access to salmon and thus did not consume
salmon when they were mated or accompanied by young.
Of females that had access to salmon streams (n =21), all
mated individuals (n =16) had §'°N values indicative of
salmon consumption. In contrast, 4 out of 16 females with
cubs avoided consuming salmon altogether, and of the
other 12, 3 consumed less salmon than they did when they
were mated. For 11 of 21 females with access to salmon
streams we had data encompassing both reproductive
states. Five of those altered foraging strategies and
exhibited significantly lower values of &'°N when
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accompanied by young than when mated, while 6 did
not. Radiotelemetry data indicated that females with spring
cubs were found, on average, further away from streams
during the spawning season compared with females with
no young, but both did not differ from males and females
with yearlings and 2-year-olds. Females with young that
avoided salmon streams were significantly lighter indicat-
ing that female choice to avoid consumption of salmon
carries a cost that may translate to lower female or cub
survivorship. The role of the social hierarchy of males and
females, mating history, and paternity in affecting the risk
of infanticide and foraging decisions of female brown
bears merit further investigation.
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Introduction

The risk of predation may alter foraging decisions made
by individuals (Cowlishaw 1997; Diehl et al. 2000; Grand
2002; Kie 1999; Lima 1998; Luttbeg and Schmitz 2000;
Sweitzer 1996). Such alteration in foraging strategies may
be most pronounced for reproductive females faced with a
trade-off between meeting nutritional requirements and
avoiding the risk of predation, in an attempt to maximize
lifetime reproductive success (Stearns 1992). In many
species, females accompanied by young select habitats of
lower quality, where the risk of predation may be lower or
escape terrain more accessible (Barten et al. 2001; Bowyer
et al. 1998; Cowlishaw 1997; Lima 1998; Rachlow and
Bowyer 1998). Although superficially similar to condi-
tions of foraging under predation risk, avoiding the risk of
infanticide is further complicated by dependency on
intraspecific social conditions. While animals foraging
under predation risk are likely to experience predation
pressures related to predator densities and habitat
characters (Grand 2002; Lima and Dill 1990), infanticide
may also depend on male social hierarchy (Weilgus and
Bunnel 1995, 2000), male coalition size (Packer and Pusey
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1984), or male-female mating history (Bartos and
Madlafousek 1994). Thus, foraging decisions made by
females in species experiencing risk of infanticide may
have evolved under fluctuating pressures, which may lead
to high variability in individual responses and have large
consequences for the dynamics of populations and
ecosystem processes.

Although rarely observed, infanticide in brown bears
(Ursus arctos), black bears (U. americanus), and polar
bears (U. maritimus) is a well-documented phenomenon
(Craighead et al. 1995a; Derocher and Wiig 1999; Wielgus
and Bunnell 1995). Most reports describe adult and sub
adult males killing young-of-the-year or yearling cubs
(Craighead et al. 1995a; Dean et al. 1986; Derocher and
Wiig 1999; Olson 1993; Taylor et al. 1985). Several of the
reports indicate the killing of the sow in defense of her
cubs, while others document the killing of young by
nonsire females (Dean et al. 1986; Hessing and Aumiller
1998). Although the victim was consumed in most
instances, cannibalism could not be invoked as the cause
of aggression in all cases (Dean et al. 1986; Hessing and
Aumiller 1998). Thus, similar to other species such as
African lions (Panthera leo; Packer and Pusey 1984) and
red deer (Cervus elaphus; Bartos and Madlafousek 1994),
infanticide in bears is more likely related to male
reproductive success (Swenson et al. 1997).

Weilgus and Bunnell (1995) reported that in areas with
high mortality of older males, where influx of immigrant,
nonsire males was high and social hierarchy was unstable,
female brown bears avoided preferred habitats to reduce
risk of infanticide. In areas with low male mortality,
females did not demonstrate such spatial segregation
(Wielgus and Bunnell 1995), suggesting that risk of
infanticide may play an important role in determining
availability of high-quality resources for reproductive
females. Similar observations of spatial segregation due to
predation on cubs by nonsire bears were made for
Yellowstone grizzly bears (Mattson and Reinhart 1995).
Swenson et al. (1997) described lower cub survival in a
hunted population of brown bears in Sweden compared
with a non-hunted population. These authors attributed the
lower survivorship and resulting reduction in population
growth to killing of cubs by immigrating nonsire males
(Swenson et al. 1997). Similarly, Weilgus and Bunnel
(2000) determined that reproduction rates in three
populations of bears were consistent with expectations
based on infanticide by nonsire immigrant males. In
contrast, other studies indicated that dominant females had
higher reproductive success (Craighead et al. 1995a),
suggesting that female rather than male dominance could
influence risk of infanticide and thus foraging decisions
made by reproductive females.

In brown bears, the combined costs of hibernation,
gestation, and lactation place large energetic demands on
reproductive females (Barboza et al. 1997; Farley and
Robbins 1995; Hilderbrand et al. 1999a, 1999b, 2000;
Watts and Jonkel 1988). Because gestation and lactation in
bears occur while the female is sequestered in a den,
energy requirements for supporting a female and her

offspring are derived from energy-stores accumulated
prior to denning (Barboza et al. 1997; Farley and Robbins
1995). Thus, the ability of females to obtain meat
resources and accumulate adequate fat stores in late
summer and early fall has a large influence on gestation
and lactation through the winter dormancy and the
associated fast (Barboza et al. 1997; Farley and Robbins
1995). Indeed, several studies documented that reproduc-
tive success in bears is directly related to body mass in the
fall (Atkinson and Ramsey 1995; Rogers 1987; Samson
and Hout 1995).

Systems in which meat resources are spatially aggre-
gated in late summer and fall, such as salmon streams
(Onchorhynchus spp.) in the Pacific Northwest (Heard
1991; Salo 1991; Sandercock 1991), create conditions
where an individual female may face a trade-off situation.
The need of reproductive female brown bears to
accumulate adequate fat stores in late summer and early
fall would likely result in a decision to frequent salmon
streams and consume the protein- and lipid-rich spawning
salmon. This would be especially true for mated and
lactating females (i.e., females accompanied by young-of-
the-year and yearlings) that would face high energetic
demands in the following winter. In contrast, aggregations
of bears along salmon streams would create conditions of
high risk of infanticide from both males and nonsire
females. Thus, females accompanied by young-of-the-year
and yearlings would likely avoid aggregations of other
bears along salmon streams, a decision that will result in
low consumption of salmon.

In this study, we investigated consumption of salmon by
brown bears on Admiralty and Chichagof Islands in
Southeast Alaska from 1982 to 2000. In these areas,
studies on resource selection found different selection for
some habitat types by males and females (Titus et al.
1999), although both genders made high use of riparian
areas in association with spawning salmon during late
summer (Titus and Beier 1999). We hypothesized that
females with young offspring will consume less salmon
and will be found further away from salmon streams than
adult males and mated or non-breeding females because
females with young offspring will be more at risk from
infanticidal nonsire males and females. In addition, we
predicted that the same individuals would use different
foraging patterns when accompanied with young offspring
compared with periods when cubs are absent. We also
explored the effect of female size, as a surrogate for
dominance, on levels of salmon consumption in an attempt
to evaluate the potential effect of dominance on decision
making in reproductive brown bears.

Materials and methods
Study areas
Admiralty and Chichagof Islands (57°52'N 135°18'W; Fig. 1), two

of the three large northern islands of the Alexander Archipelago, are
part of the Tongass National Forest. The archipelago has a maritime



climate; summers are cool and wet and winters are characterized by
deep snow (2,360 mm annual precipitation). The snow-free period
extends from early May to early November at lower elevations.
Vegetation at higher elevations is typically alpine tundra, and in
lower elevations coastal, old-growth forest of Sitka spruce (Picea
sitchensis) and western hemlock (Zsuga heterophylla) with a well-
developed understory (mainly Oplopanax horridus, Vaccinium spp.,
Menziesia ferruginea , and Rubus spp.). New growth of grasses
(Poaceae), sedges (Cyperaceae), beach peas (Lathyrus japonicus),
and skunk cabbage (Lysichitum americanum) shoots occurs in May
and June and lasts through October. Berries (blueberries, Vaccinium
spp.; salmonberries, Rubus spectabilis; cloudberries, R. chamae-
morus; stink current fruits, Ribes bracteosum; Pacific crab apple,
Malus fusca; devil’s club fruits, Oplopanax horridus), and mush-
rooms (Bolitus sp., Hygrophorus spp., Mycena spp., Omphalinea
spp., and Russula spp.) become available from late July to late
October. Our study area encompasses numerous streams that support
an annual run of spawning Pacific salmon (Onchorhynchus
gorbuscha, O. keta , and O. kisutch) from the end of July to the
end of November. Potential mammalian prey species for bears on
the islands include long-tailed voles (Microtus longicaudas) and
Sitka black-tailed deer (Odocoileus hemionus sitkensis). The
intertidal zone has a rich fauna including crabs (such as Telmessus
cheiragonous, Hemigrapsus oregonensis, H. nudus, Pugettia gra-
cilis), blue mussels (Mytilus trossulus), clams, and fishes (such as
Oligocattus maculosus, Icelinus borealis , Leptocottus armatus).
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Brown bears in the Alexander Archipelago

Brown bears on Admiralty, Baranof, and Chichagof islands (ABC
islands) of the Alexander Archipelago occur in high densities
(Admiralty Island: 400—450 bears/1,000 km?; Chichagof Island: 320
bears/1,000 km?; Miller et al. 1997). Brown bears in our study areas
usually den at high elevations with females entering their dens
carlier (late October) and emerging later (mid-May) than males
(Schoen et al. 1987). After emergence from dens bears travel to
lower elevations in late April and May and begin feeding on new
growth vegetation, often in estuaries, grass flats and muskegs. By
mid-June many bears are found in subalpine and alpine habitats until
mid-July following vegetation green-up. Mating often occurs during
this period. From late-July through early September a high portion
of the bear population is associated with salmon-spawning streams;
some individual bears, however, do not visit salmon-spawning
streams and remain at higher elevations throughout the year. By
early September bears begin leaving the riparian areas, while
spawning salmon remain abundant and easily accessible. Through
the early fall, many of the bears are associated with avalanche
chutes, a habitat type with abundant berry crops (Schoen and Beier
1990; Titus et al. 1999).

Capture of bears and collection of samples

We captured, immobilized with Telazol (7-10 mg/kg of estimated
body weight; Fort Dodge Animal Health, Fort Dodge, lowa, USA),
and radio collared (Telonics, Mesa, Ariz., USA) more than 200
brown bears from 1982 through 2000. Subadult bears received

Fig. 1 Location of study areas
(shaded) on Admiralty and
Chichagof Islands, southeast
Alaska. USA

Chichagof Island Study Area

Admiralty Island Study Area
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surgical-tubing break-away radio collars. We captured most of the
bears by darting from helicopters in rugged alpine habitats, mostly
in June and early July. About 20% of the bears were captured with
foot snares near a local landfill or on well-used trails along salmon-
spawning streams. Capture and handling methods followed the
Alaska Department of Fish and Game’s animal welfare policy to
assure that bears received humane care and treatment. Over the 19-
year study we believe we captured bears in representative habitats
across the study areas and that there was no bias regarding capturing
most bears in alpine habitats and subsequently assessing their
riparian habitat use patterns. Cub survival was determined visually
during re-sighting of females in years following the fitting of radio
collars.

Measurements of body length, girth and neck circumference were
obtained to the nearest 1 cm. Skull length and width were measured
to the nearest 1 mm. Weight measurements were obtained for many
of the captured bears using hanging scales to the nearest 5 kg. For
bears that were not weighed, estimates were determined based on
the morphometric measurements of the bear in comparison to other
bears for which both weight and morphometrics were obtained and
based on the experience of the tagging crew (L.R. Beier, J. Schoen,
K. Titus). Blood and hair samples were collected from 56 individual
female and 23 male bears.

Isotopic values of blood samples collected in June—July likely
represent spring and early-summer diets, because sampling occurred
60—70 days after den emergence, a time which would allow for diet
signatures to be incorporated into blood cells (Hilderbrand et al.
1996). Hair samples collected during the same period represent late
summer and fall diets of the previous year because hair growth in
bears occurs in late summer and fall (a period that lasts about
90 days) and hair growth is terminated when the animals enter
hibernation in late October (C.T. Robbins, personal communica-
tions). Other studies of large mammals suggest that dietary isotopic
values are fully expressed in hair after 10-12 weeks (Sponheimer et
al. 2003).

For 22 of the females, multiple samples were obtained. These
included both blood and hair samples from the same trapping
occasion as well as samples from several different captures in
different years. These allowed us to investigate changes in foraging
patterns for the same individuals under different reproductive states.
Females observed with young-of-the-year during the sampling
session in spring/early-summer were defined as mated for the
analysis of hair samples, because the hairs were replaced during the
fall previous to capture. It is possible that these females had older
offspring in toe but it is likely that these offspring did not den with
the female that winter. Thus, we treated these females as if they were
not accompanied by young offspring in our analysis. Females
captured with yearlings and 2-year-old cubs in the spring/early
summer session were defined as females with young offspring for
the previous fall, which was represented in their hair samples.

Accessibility and distance to salmon streams

We located radio collared bears from a small aircraft (Kenward
1987) during daylight hours once or twice every 2 weeks throughout
the year from 1990 to 2000. The location of each bear was
determined with a global positioning system (GPS) unit and plotted
on high-resolution, orthophoto maps (scale 1: 31,680) while circling
in the aircraft above the location. Error was determined during
recaptures of marked individuals and was estimated at 50-110 m.
Acrial locations were digitized and transferred to geographic
information system (GIS). Digital GIS maps of the study areas
were obtained from the USDA Forest Service, Tongass National
Forest. These maps demarcated stream segments used by anadro-
mous fish.

Accessibility of salmon-spawning streams to each individual bear
was assessed based on home range location (Minimum Convex
Polygon, Kenward 1987) on the landscape. A home range that
included a segment of an anadromous fish stream was considered to
have salmon available. Distance to salmon stream was obtained by

querying the GIS for the minimum distance to the nearest salmon
stream for 38 males and 79 females (n =117) during the spawning
season in 1990 to 1995. For each bear, the average distance in each
year was calculated to account for multiple locations and unequal
sample sizes among bears. This resulted in a value of average
distance per year. Several bears had multiple years of data (total of
181 data points), resulting in pseudo-replication. This was addressed
in following analyses by blocking the analysis by bear (i.e., bear
number was entered as a random factor).

Sampling food types

Samples for each season were collected for stable isotope analysis
based on description of diets for brown bear in the Alexander
Archipelago derived through fecal analysis (McCarthy 1989) and
included: grasses; sedges; beach peas; skunk cabbage shoots and
roots; berries (blueberries, salmonberries, cloudberries, stink current
fruits, Pacific crab apple, devil’s club fruits); mushrooms; pink,
chum, and coho salmon; long-tailed voles; Sitka black-tailed deer;
crabs and blue mussels. Tissue samples of salmon and deer were
obtained from encountered carcasses or obtained from fishermen
and hunters (Ben-David et al. 1997a, 1997b). Vegetation and
mushroom samples were collected at 100 m intervals along 11
vegetation transects (1,000 m long) from riparian to upland habitats
(Ben-David et al. 1998). Additional samples of vegetation were
collected at higher elevations and at beach fringe habitats. Muscle
samples from long-tailed voles were collected from two companion
studies (Ben-David et al. 1997a; Hanley and Barnard 1999). Each
carcass was also prepared as a museum specimen (including frozen
tissues) and archived at the University of Alaska Museum.

Analysis of stable isotope ratios

Tissues (clotted blood cells, hair, muscle samples, and vegetation
samples) were kept frozen until preparation for determination of
stable isotope ratios. Although lipid contents may deplete values of
8'3C of tissues (DeNiro and Epstein 1978; Kelly 2000), samples
were not defatted because clotted blood cells, hair, and vegetation
contain low amounts of lipids and no difference was detected in
5'3C in salmon fat and defatted muscle tissues (Ben-David 1996).
Samples were dried at 60° to 70°C for 48 h and then ground to fine
powder using a Wig—L Bug grinder (Crescent Dental, Chicago,
Ill.). Samples of intertidal crabs were then dissolved in 95%
hydrochloric acid solution to remove calcium carbonates and re-
dried. Subsequently, a sub-sample (1-1.5 mg for animal tissues and
8-10 mg for plant tissues) was weighed into a miniature tin cup
(4x6 mm) for combustion. We used a Europa 20/20 continuous flow
isotope ratio mass spectrometer to obtain the stable isotope ratios.
Each sample was analyzed in duplicate and results were accepted
only if the variance between the duplicates did not exceed that of the
peptone standard (5'°Cyq=—15.8, 5'*Ny=7.0, CV=0.1)

Data analysis

To determine whether male and female diets significantly differed
between seasons we used 2-way MANOVA with 6'°C and 5'°N as
the dependent variables, and season and sex as the factors as well as
a sex by season interaction (Johnson and Wichern 1988). Because
several samples were collected from the same individuals in
different seasons and years we added individual ID as a random
factor to control for pseudo-replication. Because values of 5'°C in
hair samples are enriched by 1-2%o compared to muscle and blood
in the same individual (Hilderbrand et al. 1996; Nakagawa et al.
1985; Tieszen and Fagre 1993), we corrected hair values relative to
red blood cells by 1%o (Hilderbrand et al 1996).

Using the program IsoSource (Phillips and Gregg 2003) we
determined the cutoff point, which represented less than 10%



relative contribution of salmon to the diet of bears. Although linear
mixing models may be inadequate to determine relative contribution
of food items to the diet of consumers (Ben-David and Schell 2001;
Phillips 2001; Phillips and Koch 2002; Robbins et al. 2002), the
cutoff point we derived is similar to that (6.1%o) obtained from a
different model described by Hilderbrand et al. (1996; Robbins et al.
2002). To derive the cutoff point, we used diet-tissue enrichment of
2%o for carbon when mammalian prey, avian prey, and berries were
consumed, and 1%o when salmon or invertebrates were consumed,
based on results from feeding experiments in captivity on mink
(Mustela vison) and black bears (Ben-David 1996; Ben-David and
Schell 2001; Hilderbrand et al. 1996). Also, based on the captive
experiments we used fractionation values of 3%o for nitrogen (Ben-
David 1996; Hilderbrand et al. 1996). Before conducting the
analysis, we verified that potential foods significantly differed from
each other using a K nearest-neighbor randomization test (Rosing et
al. 1998).

We further explored differences in diet between mated females
and those accompanied by young-of-the-year and yearlings based on
this cutoff point. This analysis was conducted while accounting for
the availability of salmon streams based on the location of the home
range on the landscape. We tested whether the isotopic values of
females that adopted different foraging strategies differed between
when they were mated and when accompanied by young using a
Wilcoxon test of 2 related samples (Zar 1984).

We investigated the effects of sex and reproductive state on
average distance to salmon streams with a one-way ANOVA with
category (males, females with no cubs, females with cubs of the
year, and females with yearlings and 2-year-olds) as the independent
variable and distance as the dependent one with bear ID as a random
factor to account for pseudo-replication. This analysis was followed
by Scheffé multiple comparisons to identify the sex and reproduc-
tive states that significantly differed from each other.

We then explored whether the dominance of the female
influenced her foraging patterns. Because we had no data on social
interactions among our study animals we used age and size as
surrogates to dominance and compared size of those females with
young that consumed >10% salmon with females with young that
consumed <10% using a Mann-Whitney test (Zar 1984). All
analyses were conducted using SPSS for Windows and significance
level was set at « level of 0.05.

Results

Stable isotope ratios of blood and hair samples collected
from individual bears exhibited high variability (Fig. 2; n
=56 females, 23 males, and overall 129 data points
because of repeated sampling of several individuals). A
significant change in isotope values occurred between the
two seasons and genders (Fig. 2; 2-way MANOVA,
overall model P <0.01, §'°C corrected, P <0.001, and
5'°N, P =0.002). While no significant difference in
isotopic ratios was detected between males and females
in early summer (Fig. 2; 2-way MANOVA, gender P
=0.08), such difference became significant in the fall
(Fig. 2; 2-way MANOVA, gender P =0.01). This change
was most evident from the increase in values of 6'°N in
samples collected from males, represented by the signif-
icant interaction between season and gender (Fig. 2; 2-way
MANOVA, interaction 5'>C corrected, P =0.2; and 5N,
P =0.05).

Comparison of isotope values for mated females with
those of females with young-offspring revealed that
females in our study adopted three foraging strategies.
Five of the 26 females for which we also had reproductive
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Fig. 2 Values of 5'°C and 5'°N for male (triangles) and female
(circles) brown bears on Admiralty and Chichagof Islands, southeast
Alaska, between 1982 and 2000. Blood samples (n =64 from 43
individuals) represent the spring early-summer season (A) and hair
samples (n =65 from 37 individuals) represent late-summer fall
season (B). Mean values + SE are given for possible food items in
each season with sample sizes denoted in parentheses. Stable isotope
ratios of grasses, sedges, beach pea, and roots of skunk cabbage did
not significantly differ from each other (K nearest-neighbor
randomization test, P >0.3) and were pooled as one group—
grasses/sedges. Similarly, voles and deer (P =0.8), resulted in a
single group, as did all species of berries (P =0.2). Following these
grouping stable isotope values of food items significantly differed
from each other (P <0.05). 5'°C values of hair were corrected by
1%o for tissue fractionation in all statistical analyses

data, occupied home ranges that had no access to salmon
and thus did not consume salmon when they were mated
or accompanied by young (Fig. 3). Two of these females,
sampled when they were neither mated nor accompanied
by young, had depleted isotopic values indicative of lack
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of salmon in the diet regardless of reproductive state (no.
43, 5'"N=1.82%o; no. 60, &'°N=2.38%o).

Of females that had access to salmon streams and
reproductive information (n =21), all mated individuals (n
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Fig. 3A—C  Values of 5'°C and §'°N for female brown bears
representing three foraging strategies on Admiralty and Chichagof
Islands, southeast Alaska, between 1982 and 2000. 7op panel (A)
represents females that consumed salmon when mated and when
accompanied by young; middle panel (B) females that changed
foraging strategies; and (C) females inhabiting home ranges without
access to salmon streams. Open symbols represent data for mated
females, whereas filled symbols represent females with young cubs.
Circles represent individuals for which data is available in both
reproductive states. Squares represent females with no repeated
samples. A cutoff point for consumption of >10% of salmon
corresponds with a 8'°N value of 6.2%o

=16) had 5'°N values >6.2%o (Fig. 3). In contrast, 4 out of
16 females with cubs avoided consuming salmon
altogether, and of the other 12, 3 consumed less salmon
than they did when they were mated (Fig. 3). For 11 of
those 21 females with access to salmon streams we had
data encompassing both reproductive states. Five of those
altered foraging strategies and exhibited significantly
lower values of '°N when accompanied by young then
when mated (Wilcoxon, P =0.043), while 6 did not
(Wilcoxon, P =0.249). One individual (no. 141) had lower
values of 5'°N when accompanied by young than when
mated in one reproductive event (1994), but no difference
in another (2000; Fig. 3).

Radiotelemetry data indicated that females with spring
cubs were found, on average, further away from streams
during the spawning season compared with females with
no young, but both did not differ from males and females
with yearlings and 2-year-olds (Fig. 4; ANOVA, P
=0.011). In addition, only 33% of females with young
cubs were found within 1,000 m of salmon streams
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panel), and the proportion of animals found less than 1,000m from a
stream (Bottom panel) for different sex and reproductive classes of
brown bears on Chichagof Island, southeast Alaska, between 1990
and 1995. Different letters represent significant differences at the
«=0.05 level among groups as determined by Scheffé multiple
comparisons. Sample sizes are reported above bars
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Table 1 Size measurements for

5 Measurement High salmon (n =12) Low salmon (n =6) P value
females accompanied by young
that consumed large amounts of Mean SE Mean SE
salmon and those that consumed
}ow aﬁnouln(t)(s)/offséalmgn (e, Age (years) 13.3 1.4 14.3 1.9 0.55
ess than 10% of diet) on
Admiralty and Chichagof Is- Bc')dy length (cm) 169.8 5.2 164.2 6.0 0.41
lands, southeast Alaska, USA. Girth (cm) 119.5 4.1 110.8 4.7 0.41
Differences between female Neck (cm) 64.6 1.9 58.5 2.2 0.03
groups were evaluated with a
Mann-Whitney test Skull leflgth (cm) 34.1 0.8 333 1.0 0.52
Skull width (cm) 20.1 0.4 19.8 0.5 0.28
Weight (kg) 175.8 9.6 132.2 13.6 0.007

compared with 59% of females with no cubs (Fig. 4). Of
the 79 females for which we had telemetry data, 7 were
sampled both when they were mated and when they had
young cubs. Six of those 7 females were found further
away from salmon streams when accompanied by young-
of-the-year.

Cub survival to the following year was reliably
established for only 6 of 21 females with access to salmon
streams and foraging data. Of those 6, five consumed
salmon when the cubs were young and one significantly
reduced salmon consumption.

Analysis of effects of size on consumption of salmon
for those females accompanied by young revealed that
age, body length, girth, skull length, and skull width were
not different between females with differing foraging
patterns (Table 1). Circumference of neck, however, was
significantly smaller in the females that consumed little
salmon when accompanied by young (Table 1). Similarly
body mass, measured in the following spring, was
significantly lower in females that consumed little salmon
when accompanied by young (Table 1).

Discussion

The upstream migration of spawning salmon was followed
by a significant change in diet for brown bears in our study
areas (Fig. 2). Several other studies using direct observa-
tions, fecal analysis, and stable isotope analysis docu-
mented similar patterns in coastal British Columbia and
Alaska (Hilderbrand et al. 1999a, 1999b, 2000; Jacoby et
al. 1999; McCarthy 1989; P. Hessing, Alaska Dept of Fish
and Game, personal communication). That bears will
consume large amounts of salmon when this nutrient-rich
resource becomes available is not surprising in view of the
high reliance of bears on stored lipids and protein during
hibernation (Barboza et al. 1997; Farley and Robbins
1995). Farley and Robbins (1995) demonstrated that
weight loss of adult non-breeding bears during hibernation
was proportional to their metabolic body weight and
ranged from less than 70 g/day to over 500 g/day. Such
mass loss illustrates the importance of accumulation of fat
stores prior to denning for all sex and reproductive
categories of bears (Hilderbrand et al. 2000). Thus, it is
unclear why several females in our study consistently
avoided consumption of salmon. Whether the tendency of
these females to select home ranges that do not encompass

salmon streams is a learned behavior acquired from their
mothers or a result of their social status is unclear, and
merits further investigation.

The observation that all mated females with access to
salmon streams consumed salmon was expected. Although
milk consumption of captive bear cubs in the den
constituted only 9% of the estimated annual milk intake,
lactating female black and grizzly bears lost body mass
throughout hibernation, but maintained body weight after
they had resumed feeding (Farley and Robbins 1995). The
rate of weight loss by denning, lactating females relative to
non-lactating bears was 45% higher for black bears and
95% higher for grizzly bears (Farley and Robbins 1995).
These data emphasize the high costs of gestation and
lactation during hibernation for mated females and support
our conclusion that mated lone females, in particular,
would benefit from a diet including spawning salmon
when this resource becomes available.

Of females with access to salmon streams, stable isotope
values indicated that only half of those with young
offspring consumed salmon, while the others significantly
reduced the amounts they consumed. In addition, telem-
etry data indicated that females with young cubs were
found significantly further away from salmon streams than
females with no young. This observation is striking given
that the former group likely included females with both
foraging strategies. It is possible, however, that females
with young offspring will have lower energetic require-
ments than mated females in fall. The high costs of
hibernation without lactation (Barboza et al. 1997; Farley
and Robbins 1995; Hilderbrand et al. 2000) preclude the
possibility of nursing active, non-hibernating yearlings
and 2-year-olds (C.T. Robbins, personal communications).
Although no data on milk production during hibernation in
those succeeding years is available, no occurrences of
active mammary glands in adult hibernating bears with
yearlings or 2-year-old cubs were reported (C.T. Robbins,
personal communication), and lactating females stopped
milk production when young-of-the-year reached 300 days
of age prior to hibernation (Farley and Robbins 1995).
Nonetheless, our observation that females with young that
consumed small amounts of salmon had significantly
lower body mass the following spring than those females
with young that consumed large quantities of salmon
suggests that reduction in consumption of salmon carries
high energetic costs for females with young. Also, the
observation that several females with young offspring
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made use of the available salmon and that the majority of
males include large amounts of salmon in their diets,
suggests the decision of females with young offspring to
avoid salmon streams may be in response to factors other
than nutritional requirements.

Can the risk of infanticide be implicated in the decision
of female brown bears in our study to alter foraging
strategies when accompanied by young? It is hard to
imagine another scenario that will result in consumption of
salmon by all mated females with access to salmon
streams and reduction in use of this resource in half of
those females when they had young. On the Kenai
Peninsula, Alaska, where salmon runs are longer in
duration than in our system, all females with young
offspring consume large amounts of salmon (S.D. Farley
and G.V. Hilderbrand, Alaska Dept of Fish and Game,
personal communication). In that system, both spatial and
temporal segregation appears to be the mechanism for
reducing the risk of infanticide (S.D. Farley and G.V.
Hilderbrand, Alaska Dept of Fish and Game, personal
communication). The degree of the risk of infanticide may
also differ between these two areas because the density of
brown bears is higher on the ABC islands than on the
Kenai Peninsula. The high density on the ABC islands
combined with the fact that >60% of all brown bear
radiotelemetry locations during August were <1,000 m
from a salmon stream (Titus and Beier 1999) indicates that
bears are highly concentrated along specific portions of
streams and that the probability of encountering other
bears on a regular basis is high. Finally, although we have
never observed an event of infanticide in our population,
on several occasions we encountered bear feces that
contained hairs of brown bear cubs.

Moreover, recent studies demonstrated that in popula-
tions of bears inhabiting locations with abundant food
resources, age at first reproduction and interval between
litters are lower, and litter size is higher compared with
those inhabiting low quality areas (Bunnell and Tait 1981;
Hilderbrand et al. 1999a, 1999b; Rogers 1987; Stringham
1990a, 1990b). The high availability of salmon for brown
bears on Admiralty and Chichagof Islands suggests that
brown bears in our study areas should have relatively low
age at first reproduction, low interval between successful
litters, and high litter sizes compared with bears inhabiting
low quality areas. For brown bears on the ABC islands,
however, mean age at first reproduction was estimated at
8.1 years and mean litter size ranged from 1.8 to 1.9
depending on years and study area. Interval between
successful litters (from weaning to weaning) was 3.9 years
with a range from 3 to 6 years (Schoen and Beier 1990). In
comparison, mean age at first reproduction for grizzly
bears in the Yellowstone ecosystem was estimated at 6.3
years and mean litter size at 2.1 cubs per litter. Interval
between successful litters was 2.9 years (Craighead et al.
1995a).

The lower than expected reproductive rates we observed
in our populations may be related to lower body condition
as a result of avoidance of salmon streams by some of the
reproductive females. For those females, our study areas

represent lower quality habitats despite the high avail-
ability of salmon, because alternative meat resources are
scarce (only deer carcasses and voles). Thus, reproductive
output for these females will likely be lower than that of
females that consume salmon (Bunnell and Tait 1981;
Hilderbrand et al. 1999a, 1999b; Rogers 1987; Stringham
1990a, 1990b). Alternatively, such low reproductive rates
may be related to high densities of bears in our study areas
and represent density-dependent effects. These density
effects, however, are likely to result in high incidents of
infanticide as encounters between females with young and
nonsiring individuals will be high. In addition, our
population is hunted and likely experiences lower stability
of the male hierarchy and higher risk of infanticide
(Weilgus and Bunnell 1995, 2000) because mostly large
males are targeted. In comparison, the population in
Yellowstone National Park that has a lower habitat quality
but higher reproductive rates is protected. Whether the low
reproductive rates in our populations are related to body
condition of females as a result of avoidance of salmon
streams, or a result of density effects on infanticide, or an
interaction of the two merits further investigation.
Determining survival of offspring of females that avoid
salmon streams compared with offspring of females that
frequent these habitats should be the first step in such
studies. Unfortunately, our data on survivorship of cubs
are meager, as most bears were not visually observed for
several years after they were fitted with radio transmitters.

The factors influencing the decision of a female with
young offspring to frequent or avoid salmon streams are
still unclear. Weilgus and Bunnell (1995, 2000) suggested
that the stability of the dominance hierarchy among males
determined the spatial segregation of females with young
offspring. That at least one individual in our sample
adopted different foraging strategies in two separate
breeding events may provide support for this hypothesis.
Nonetheless, whether siring males will be less likely to kill
young is unknown and merits further investigation.
Analysis of paternity using DNA microsatellite analysis
(Craighead et al. 1995b) concurrent with isotope analysis
on consumption of salmon by the female will provide
strong indirect evidence for the male dominance hypoth-
esis.

Alternatively, it is possible that the dominance of the
female determines whether she will frequent salmon
streams. Our analysis of female size and age as surrogate
to dominance was inconclusive potentially because of
small sample sizes. Although neck circumference was
significantly smaller in the females avoiding salmon
streams, a parameter that may influence the females
fighting ability, all other variables were not (Table 1).
Smaller neck circumference and lower mass of the females
avoiding salmon streams could have been a result of this
decision rather than its cause. These measurements were
obtained in the spring following hibernation, while the
decision to avoid salmon streams was made prior to
denning. Whether these females experienced smaller neck
circumference and lower body mass at the time they
decided to avoid salmon streams is unknown. Also, it is



unclear whether size alone would accurately represent
aggressiveness and thus dominance in female bears.

Our study demonstrates that the decision to consume
salmon made by females foraging under the risk of
infanticide may be complicated and relate not only to
nutritional requirements, and quality and availability of
resources, but also to intraspecific interactions. Our data
suggest that females make different foraging decisions
based on their reproductive state (mated or accompanied
by young), as well as social conditions during specific
reproductive attempts. In bears, such decisions might be
made based on the stability of the male hierarchy, the
female mating history, or her own social status. Alter-
natively, making a foraging decision could result in
detrimental consequences to that reproductive effort. The
role of the social hierarchy of males and females, mating
history, and paternity in affecting the risk of infanticide
and foraging decisions of female brown bears merit further
investigation.
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