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Candidate for Degree of Master of Science
The brown bear (Ursus arctos) is a generalist omnivore that occupies diverse
habitats and displays high levels of behavioral plasticity. Plasticity in foraging behavior
can result in variable diets across a population, and allow individuals to use a greater
variety of resources. The distribution of food in space and time may also be an important
factor in determining brown bear resource selection as it can greatly influence foraging
efficiency. Our objectives were to determine if seasonal brown bear home ranges were
influenced by temporal availability and spatial distribution of resources and if deviation
from an optimal diet influenced brown bear body condition. Understanding how the
spatial and temporal distribution of food influences brown bear space use and the
relationships between behavioral plasticity and the ability of populations to persist in
dynamic environments could provide additional insights into the eco-evolutionary
advantages of variable foraging behavior and ultimately population resilience.

DEDICATION
This thesis is dedicated to wild places and the wildlife that make those places
special.
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INTRODUCTION
The brown bear (Ursus arctos) is a generalist omnivore that occupies diverse
habitats (Belant et al. 2010) and displays high levels of behavioral plasticity (Van Daele
et al. 2012), including foraging plasticity. Plasticity in foraging behavior can result in
variable diets across a population, and allow individuals to use a greater variety of
resources in relation to availability, conspecifics, and environmental conditions (Ménard
2002; Van Daele et al. 2012). The distribution of food resources in space and time is also
be an important factor in determining brown bears resource selection as it can greatly
influence foraging efficiency and energy intake rates (Welch et al. 1997).
It has been suggested that increased protein consumption can allow bears to
achieve increased mass, which in turn confers a reproductive advantage (Noyce and
Garshelis 1994; Zedrosser et al. 2007). However, mixed diets of protein-rich meat (24 ±
5%) and carbohydrate-high fruits (76 ± 5%) may be optimal for the highest rate of body
mass and fat gain (Felicetti et al. 2003; Robbins et al. 2007). Fat accumulation has been
positively associated with improved fitness and successful hibernation in bears (Ramsay
and Stirling 1988; Atkinson and Ramsay 1995; Belant et al. 2006; Costello et al. 2016).
Thus, foraging behaviors that promote optimal fat and protein accumulations should be
under strong selective pressure (Robbins et al. 2007; Costello et al. 2016).
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Under optimal foraging theory, individuals use landscapes to optimize high
quality resources while minimizing the amount of energy used to acquire them. The
spatial resource variability hypothesis (SRVH; Hiller et al. 2015) states that as patchiness
of resources increases, individuals use larger areas to obtain the resources necessary to
meet energetic requirements (Johnson et al. 2002). Additionally, under the temporal
resource variability hypothesis (TRVH; Hiller et al. 2015), seasonal variation in available
resources can reduce distances moved while providing a variety of nutritional
requirements (McClintic et al. 2014). When resources are concentrated, under SRVH and
TRVH, animals may confer an advantage by using an area minimizing strategy (Mitchell
and Powell 2004). However, if resources are dispersed, resource maximization may be
beneficial.
Our objectives were to determine if seasonal brown bear home ranges were
influenced by temporal availability and spatial distribution of resources and if deviation
from the optimal diet (Robbins et al. 2007) influenced brown bear body condition (e.g.,
body mass and percentage body fat). Understanding how the spatial and temporal
distribution of food resources influences brown bear space use can provide valuable
insight for future management decisions. Additionally, investigating the relationships
between behavioral plasticity and the ability of populations to persist in dynamic
environments could provide additional insights into the eco-evolutionary advantages of
variable foraging behavior and ultimately population resilience.
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DIETARY PLASTICITY IN A NUTRIENT-RICH SYSTEM DOES NOT INFLUENCE
BROWN BEAR BODY CONDITION OR DENNING
Introduction
Animal populations exposed to highly variable environments are thought to
exhibit increased among-individual ecological flexibility and phenotypic variability
(Relyea 2001). Due to this flexibility, species that subsist in variable systems can achieve
greater population densities across a larger geographic range (Hutchinson 1957). One of
the most common manifestations of individual ecological flexibility is through behavior
(Gordon 1991). Ecological plasticity within a population can be attributed to variations in
abiotic factors (Hiesey 1953; Cook and Johnson 1968), interspecific and intraspecific
competition (Relyea 2001; Marshall and Jain 1969), and dominance hierarchies (Klinka
et al. 2002). Behavioral differences within a population can be advantageous as they
allow individuals to use a greater variety of resources in relation to availability,
conspecifics, and environmental conditions (Ménard 2002; Van Daele et al. 2012) than if
within-population behaviors were similar.
Brown bears (Ursus arctos) occupy diverse habitats (Servheen et al. 1999; Belant
et al. 2010) across a wide geographic range (Pasitschniak-Arts 1993) and are thought to
display high levels of behavioral plasticity, including foraging plasticity (Van Daele et al.
2012). Brown bears are generalist omnivores (Hilderbrand et al. 1996) with considerable
5

variation in individual diet (Ayers et al. 2013; Lafferty et al. 2015). It has been suggested
that increased protein consumption can allow individuals to achieve increased mass,
which in turn confers a reproductive advantage (Noyce and Garshelis 1994; Zedrosser et
al. 2007). However, results from previous studies suggest that mixed diets of protein-rich
meat (24 ± 5%) and carbohydrate- high fruits (76 ± 5%) may be optimal for the highest
rate of body mass and fat gain (Felicetti et al. 2003; Robbins et al. 2007). Fat
accumulation also has been positively associated with improved fitness and successful
hibernation in bears (Ramsay and Stirling 1988; Atkinson and Ramsay 1995; Belant et al.
2006; Costello et al. 2016). Thus, foraging behaviors that promote optimal fat and protein
accumulations should be under strong selective pressure (Robbins et al. 2007; Costello et
al. 2016). However, foraging strategies vary among individual brown bears and may be
based largely on body size (Robbins et al. 2007). Smaller bears can more easily attain
optimal diets because they have lower total daily energy requirements, making foraging
on small, spatially dispersed foods (e.g., berries) more energetically feasible than it would
be for larger bears (Welch et al. 1997). Additionally, following the niche variation
hypothesis (Van Valen 1965), bears may be able to attain similar percentage body fat
despite variable foraging strategies. Female brown bears in Alaska gained similar fat
reserves independent of the proportion of salmon in their diet (Lafferty et al. 2015).
Therefore, larger bears may consume higher proportions of meat and conform to an
energy maximizing strategy to maintain their body size (Hilderbrand et al. 1999b;
Costello et al. 2016), though their percentage body fat may be similar to smaller bears.
Biological outcomes related to variations in home-range size and habitat use have
been investigated (Van Daele et al. 2012); however, few studies have investigated indices
6

of fitness related to denning. Winter dormancy and denning are critical components of
bear ecology (Nelson et al. 1983) and are considered behavioral and physiological
adaptations that allow individuals to conserve energy in times of food scarcity (Smith and
Smith 2001). If different foraging strategies lead to variation in body size or condition,
tradeoffs would be necessary to account for this variation. During autumn, bears enter
dens at their peak percentage body fat as a result of hyperphagia (Cattet et al. 2002). If
variations in foraging behavior influence body condition (e.g., percentage body fat), it
would follow that these outcomes would be similarly manifested in denning behavior.
For example, bears with low percentage body fat and high catabolism rates may emerge
from dens later to reduce energetic demands (Schwartz et al. 1987) and possibly
synchronize den emergence closer to periods of higher food availability. Alternatively,
bears with low percentage body fat may be forced to emerge from dens earlier to search
for food and avoid starvation (Manchi and Swenson 2005). Body mass may also
influence this relationship as larger bodied bears may be buffered from this energetic
consequence because they expend less relative energy for thermoregulation (McNab
1971). Therefore, population-level variation in body fat and mass could result in variable
denning durations.
Our objective was to determine if deviation from the optimal diet (Robbins et al.
2007) influenced brown bear body condition (e.g., body mass and percentage body fat),
and, in turn, denning duration. We predicted that as body size increases, deviations from
the optimal diet would increase due to the energetic needs of larger-bodied bears.
Additionally, under the niche variation hypothesis, we predicted that bears would achieve
similar biological outcomes (e.g., percentage body fat) with varying diets. We expected
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that if body condition was similar across individuals, denning duration would also be
similar. Alternatively, if plasticity in brown bear foraging behavior followed an optimal
diet (e.g., 24 ± 5% meat and 76 ± 5% vegetation [Robbins et al. 2007]), we would expect
smaller bears to have higher percentage body fat due to their energetic ability to more
efficiently forage on dispersed fruits.
Material and methods
Ethics Statement
All applicable international, national, and/or institutional guidelines for the care
and use of animals were followed. All procedures performed in studies involving animals
were in accordance with the ethical standards of the institution or practice at which the
studies were conducted. Animal capture and handling procedures followed guidelines
developed by the American Society of Mammalogists (Sikes and Gannon 2011).
Institutional Animal Use and Care Committees of the National Park Service (2014.A3)
and U. S. Geological Survey (USGS; 2015–4) approved all capture and handling
procedures.
Study area
Lake Clark National Park and Preserve (NPP) lies between the Alaska and
Aleutian Mountain Ranges in Southwest Alaska (60°35'00'' N, 153°15'02'' W). The park
spans 16,309 km² with elevations from 0 to 3,000 m. Land cover consists of gravel and
bedrock (24%); snow and glacial ice (20%); shrub (19%); tundra (15%); forest (11%);
freshwater rivers and lakes (4%); saltwater marshes, sedge meadows, and bogs (2%);
grasslands (1%); and unclassified due to cloud cover (4%) (Lake Clark National Park
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2013). Average monthly precipitation ranges from 22.4 cm in February to 81.7 cm in
August and mean monthly temperatures range from −11°C in January to 13°C in July
(Bennett et al. 2006).
The Chigmit Mountains divide the park into an eastern coastal region and western
interior region. Estimated brown bear densities were 150/1,000 km2 in the coastal region
and 39/1,000 km2 in the interior (Olson and Putera 2007). Bear densities in the coastal
region are likely greater due to abundant marine food resources (Miller et al. 1997). The
region encompassing Lake Clark NPP includes Bristol Bay, which supports the world’s
largest sockeye salmon (Oncorhynchus nerka) fishery (Salomone et al. 2011). This
fishery is an ecologically valuable food source for bears and other wildlife in the region
(Kline et al. 1993). Estimated sockeye salmon escapements into Lake Clark were 167,664
fish in 2014 and 730,338 fish in 2015 (D. Young, Personal Communication 2016). Lake
Clark also supports chinook (O. tshawytscha), chum (O. keta), pink (O. gorbuscha), and
coho (O. kisutch) salmon. Anadromous salmon in this system generally start their
upstream migration to spawn in July, which continues through October. Terrestrial meat
available to bears includes moose (Alces alces), caribou (Rangifer tarandus) and Dall’s
sheep (Ovis dalli). Lake Clark NPP also supports vegetative foods for bears, including
blueberry (Vaccinium spp.), crowberry (Empetrum nigrum), and devils club (Oplopanax
horridum) (Lipkin 2002).
Animal capture and sample collection
In autumn 2014, we used fixed-winged aircraft to locate brown bears, which were
then darted from a helicopter (Taylor et al. 1989). Bears were anesthetized with a 10–12
mg/kg mixture of tiletamine hydrochloride and zolazepam hydrochloride (Telazol; Fort
9

Dodge Laboratories, Inc., Fort Dodge, IA; Taylor et al. 1989). Bears weighing >90 kg
were fitted with Global Positioning System (GPS) radio collars equipped with release
mechanisms (Argos TGW-4680H-3, Telonics Inc., Mesa, AZ). Collars were programed
to obtain one location every 90 minutes during den entrance and emergence periods (15
March–15 May and 1 October–1 December) and one location daily during denning (2
December–14 March). Collared bears were monitored via aerial telemetry flights in May
and October to confirm presence or absence of dependent young upon den entrance and
emergence, respectively.
We used bioelectrical impedance analysis to estimate percentage body fat of
captured bears (Farley and Robbins 1994; Hilderbrand et al. 1998). We then determined
sex and weighed individuals using an electronic scale (± 0.5 kg; MSI-7200, Measurement
Systems International, Seattle, WA). Additionally, we collected guard hair samples from
between the front shoulders to determine carbon and nitrogen stable isotope ratios to
estimate assimilated diet (Hobson et al. 2000). We placed all hair samples in individually
labeled paper envelopes and stored them in a freezer at -20 °C until analyzed.
Estimating diet composition
Guard hair samples were sectioned into 2-cm segments for stable carbon and
nitrogen isotope analyses. Using a 1.5 cm/month growth rate (Felicetti 2004), we selected
the two sections of hair closest to the root to estimate assimilated diet from August to
mid-October. This period was selected because it represents the hyperphagic period when
fat gain is most important for bears (Cattet et al. 2002). Samples were analyzed by the
Environment and Natural Resources Institute Stable Isotope Laboratory at the University
of Alaska, Anchorage (http://www.uaa.alaska.edu/enri/labs/sils) using a Costech ECS
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4010 elemental analyzer (Costech, Valencia CA) and a Thermo Scientific Delta V
Advantage continuous-flow isotope ratio mass spectrometer (Thermo Scientific, Bremen,
Germany) following methods outlined by Rogers et al. (2015). We report isotopic values
in delta (δ) notation such that δ13C or δ15N = [(Rsample/Rstandard) − 1] × 1000, where Rsample
and Rstandard are the 13C/12C or 15N/14N ratios of the sample and standard, respectively
(Peterson and Fry 1987). We used Vienna Pee Dee Belemnite (VPDB) as the standard for
δ13C and atmospheric N2 for δ15N.
To index proportional contributions of salmon, terrestrial meat, and vegetation to
the assimilated diet of brown bears, we compared the carbon (δ13C) and nitrogen (δ15N)
values of hair samples with values identified for major food categories. We used isotopic
values for meat resources in Lake Clark NPP and generalized isotopic values for
vegetative food resources used to evaluate bear diet in Denali National Park and Preserve
(Table 2.1; Stanek 2014; Lafferty et al. 2015). To be consistent with previous work
describing optimal diets based on consumption of only fruit and salmon (Robbins at al.
2007), we averaged the δ13C and δ15N values of all animal-based foods to create a total
meat category. δ13C values and standard deviations used were −23.64 ± 0.34 and −26.60
± 2.00, and δ15N values were 4.92 ± 0.40, and -2.80 ± 3.00 for meat and vegetation,
respectively. Using a Bayesian multi-source stable isotope mixing model (stable isotope
analysis in R [SIAR]; Parnell et al. 2010), we converted isotopic values of hair into
estimates of assimilated diet representing the proportion of each food resource (meat or
vegetation) used by an individual. We applied discrimination factors to estimates based
on Hilderbrand et al. (1996). For terrestrial meat, we included discrimination factors of
2.49 ± 0.34‰ and 4.11 ± 0.78‰ for δ13C and δ15N, respectively. Similarly, for vegetation
11

we applied values of 5.10 ± 0.34‰ and 5.01 ± 0.78‰ to carbon and nitrogen. Assuming
that diets with 24 ± 5% meat provide maximum mass and fat gain (Robbins et al. 2007),
we calculated the percentage each individual’s assimilated diet deviated from optimal by
calculating the difference between the amount of meat in an individual’s diet and the
optimal amount of meat.
Evaluating the influence of diet on body condition and denning duration
We estimated denning duration using methods described by Waller et al. (2012).
We created a 135-m buffer (determined a priori based on previous work [Waller et al.
2012]) around each den site based on GPS collar data. Bears were considered to be in a
den after remaining within the specified buffer for at least six consecutive days. Den
entrance and emergence dates were then defined as the first and last days an individual
entered and exited the buffer, respectively.
Statistical analysis
To assess whether deviations from the optimal diet influenced fitness (as indexed
by body mass or percentage body fat), and in turn denning duration, we evaluated three
linear models. We examined two models to determine if body mass or percentage body
fat were influenced by the amount of meat in the diet. We identified percentage body fat
or body mass as the response variable and the percentage an individual’s diet deviated
from optimal and sex-reproductive class (presence or absence of dependent young) as
predictor variables. We then used a third linear model to evaluate the relationship
between denning duration (e.g., number of days from den entrance to den emergence) and
percentage body fat and mass. We defined denning duration as the response variable and
12

included percentage body fat, body mass, and sex/reproductive class as predictor
variables. Before analyses, we examined continuous variables for evidence of collinearity
using pairwise correlation coefficients (r) with collinearity considered if |r| > 0.70
(Dormann et al. 2013). If collinearity existed between variables, we subjectively selected
the most biologically important variable of the collinear pair, and included it in the
model. We established statistical significance at α = 0.05 and report means + 1 standard
deviation. We used ArcGIS (v10.2, Environmental Systems Research Institute, Redlands,
CA) for spatial analyses and Program R (v3.1.2, www.r-project.org) for statistical
analyses.
Results
We radio collared 24 (5 male, 19 female) bears; 9 females had dependent young.
Complete data were not obtained for all individuals, so samples sizes varied within each
model set. Hair samples were obtained for 23 individuals, with δ15N values ranging from
2.35 to 14.50 and δ13C values ranging from −17.57 to −22.70 (Fig. 1). Assimilated
dietary meat ranged from 40% to 87%, averaging 70 ± 18% (Fig. 2) and was 46 ± 18%
greater than the expected optimal diet. Body fat ranged from 21.6% to 48.3% (x̅ = 34.7)
and body weight from 129.3 kg to 304.7 kg (x̅ = 189.4). There was correlation between
continuous variables (|r| < 0.63), however, it was insufficient to precluded any variables
from analysis as they were all less than the specified threshold. Percentage body fat was
not influenced by proportion assimilated meat in the diet (P = 0.255) or sex and
reproductive classes (P > 0.147). Body mass was positively associated with percentage
assimilated dietary meat (Fig. 3; P = 0.047) but not between sex and reproductive classes
(P > 0.322). Based on our linear relationship, for every percentage increase in distance
13

from the optimal diet, body mass was predicted to increase by 1.55 kg. Duration of
denning ranged from 177 to 237 days (x̅ = 207 ± 15 days; n = 19). There were no
relationships between denning duration and percentage body fat (P = 0.278), body mass
(P = 0.209), or sex and reproductive class (P > 0.627) (Table 2.2).
Discussion
Brown bears in Lake Clark NPP did not follow a pattern consistent with optimal
diets as described by Robbins et al. (2007). As our study area included widely distributed
and abundant salmon (Brazil et al. 2013), it is reasonable to assume all bears had access
to this resource (e.g., Belant et al. 2006). Though a 24% meat diet for brown bears is
considered optimal (Robbins et al. 2007), this was determined using captive individuals.
This meat component may not be optimal for wild bears when the energetic costs of
obtaining and digesting these foods are considered. Foraging for berries can involve
considerable search time (Welch et al. 2007), which can make berries energetically more
costly to obtain. Additionally, foraging on berries can place constraints on foraging,
energy consumption, and consequently body size (Welch et al. 2007, Costello et al.
2016). When salmon are abundant and available, bears will consume this resource under
an energy maximizing strategy (Hilderbrand et al. 1999b). Wild bears are challenged with
multiple competing factors when making foraging decisions (e.g., risk from conspecifics
[Ben-David et al. 2004]) and foraging costs [Welch et al. 2007]). Observed higher
proportions of meat in the diet of brown bears in this study likely reflect food availability
and the complexity of foraging decisions, and indicate that there are benefits to energy
maximization (Hilderbrand et al. 1999b) despite the profits of a nutritionally optimal diet
(Robbins et al. 2007).
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Bears in our study had highly variable diets and achieved similar body fat
independent of the proportion assimilated meat in the diet. Similar fat levels could be
attributed to minimum protein requirements being met for all individuals in the
population. However, higher proportions of meat in the diet were positively associated
with body mass, consistent with previous findings (Rode et al 2001; Costello et al. 2016).
Because meat is the most nutrient-dense and easily digestible food source available to
bears (Pritchard and Robbins 1990), consumption in large quantities allows for increased
body size (Rode et al 2001; Costello et al. 2016). Increased meat consumption among
young bears (e.g., dependent young and subadults) can also allow for earlier maturation
(Spraker et al. 1981). Consequently, larger body size is associated with increased
reproduction in bears, and therefore is a desirable trait (Hilderbrand et al. 1999b).
Although the rate of body mass gain declines when the proportion of meat in the diet is
below optimal, the effect is less when dietary meat intake is above optimal (Erlenbach et
al. 2014). This suggests that meat consumption in excess of optimal is preferable when
optimal diets are unattainable, possibly due to the benefits of increased protein on body
mass gain (Costello et al. 2016). Although larger body size can be beneficial, it is costly
to maintain and requires increased protein consumption (Costello et al. 2016). If
increased protein consumption in young bears leads to increased body mass, it follows
that they would have increased energetic demands throughout life. Therefore, regardless
of whether body size drives foraging decisions or if specific foraging strategies are
selected to allow for larger body mass, large bears must continue to consume high levels
of protein to maintain a large body size.
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On average, brown bears with access to salmon enter the den with 30% body fat
(Farley 2003). In captive studies, bears with < 20% body fat did not reproduce despite
confirmed breeding (Robbins et al. 2012). All bears in our study had body fat > 21% and
on average obtained similar proportions of fat to other populations in Alaska
(Hilderbrand et al. 1999a; Farley 2003). The body fat levels we observed suggest that all
bears achieved sufficient fat for successful hibernation and reproduction, which was
manifested in similar denning durations. Therefore, the observed range of foraging
strategies as indexed by assimilated diet did not influence body condition or denning
attributes.
Populations of generalist may contain an array of individuals with varying dietary
niches (Lafferty et al. 2015). Variable within population foraging behavior has been
observed across diverse taxa including gray wolves Canis lupus (Darimont et al. 2009),
loggerhead sea turtles Caretta caretta (Vander Zanden et al. 2010), and three-spine
stickleback Gasterosteus aculeatus (Bolnick et al. 2007) and provides support for the
niche variation hypothesis. Under the niche variation hypothesis, increased amongindividual variation should provide an adaptive advantage to individuals and increase
niche breadth of the population (Van Valen 1965). Use of underutilized resources may
allow individuals to reduce intraspecific competition (Bolnick et al. 2007; Vander Zanden
et al. 2010) and if the use of those resources does not reduce fitness, individuals may
confer an adaptive advantage (Grémillet et al. 2008). This advantage can lead to
population-level niche expansion and promote selection of individuals that use novel
resources (Lafferty et al. 2015). Ecological theory suggests that high levels of individual
niche variation within a population can lead to increased carrying capacities (Bürger
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2005). If increased levels of among-individual variation lead to high-density generalist
populations containing specialized individuals, increased plasticity may make
populations more resilient to change. Peterson et al. (1998) suggested that ecological
resilience is generated by diverse, but overlapping, function of species within an
ecosystem. Applied at finer scales, among-individual variation could enhance population
resilience by allowing for a diversity of individuals able to thrive in a variety of
conditions.
Our results suggest that individual brown bears can have highly different diets and
achieve similar biological outcomes (e.g., percentage body fat), supporting that
behavioral plasticity in generalist populations can confer an adaptive advantage.
Investigating the relationships between behavioral plasticity and the ability of populations
to persist in dynamic environments could provide additional insights into the ecoevolutionary advantages of variable foraging behavior. Although our work suggests
individuals are capable of high levels of flexibility, this may not hold in nutrient-poor
systems. We suggest further studies of brown bears in systems lacking abundant meat
resources to evaluate foraging plasticity in alternate systems.
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Table 2.1

The δ13C and δ15N ratios of potential food sources for brown bears

Source
δ13C (‰) ± SE
δ15N (‰) ± SE
Meat
-23.64 ± 2.18
4.915 ± 5.18
Caribou
-23.43 ± 0.04
4.19 ± 0.38
Dall’s sheep
-24.77 ± 0.29
1.04 ± 0.38
Moose
-25.67 ± 0.62
2.00 ± 0.48
Salmon
-20.67 ± 0.42
12.43 ± 0.34
Vegetation
-26.60 ± 2.00
-2.80 ± 3.00
δ13C and δ15N values from Lake Clark National Park and Preserve, Alaska, USA
(Stanek 2014; Lafferty et al. 2015)
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Table 2.2

Response
variable
Body mass

Percentage
body fat

Results of linear models evaluating body mass (kg), percentage body fat,
and denning duration
95% confidence
limits
Parameter
Intercepta
Solitary female
Male
% meat from optimalb

Estimate Upper
Lower P
117.04
42.34 191.75
0.004
-10.76
-69.54
48.02
0.702
34.96
-37.81 107.73
0.322
154.55
2.40 306.70
0.046

Intercepta
Solitary female
Male
% meat from optimalb

27.75
5.26
-1.07
10.54

Denning
duration

18.43
-2.07
-10.15
-8.45

37.08
12.60
8.02
29.53

<0.001
0.147
0.806
0.255

Intercepta
202.25 147.33 257.16 <0.001
Solitary female
0.92
-26.78
28.62
0.942
Male
6.74
-23.57
37.05
0.627
Percentage body fat
1.10
-1.06
3.27
0.278
Body mass (kg)
-0.18
-0.48
0.12
0.209
Coefficient estimates, 95% confidence limits, and P-values for parameters of linear
models evaluating body mass (kg), percentage body fat, and denning duration, Lake
Clark National Park and Preserve, Alaska, USA, 2014.
a Female with dependent young is the reference group
b Percentage meat in the assimilated diet from the proposed optimal (Robbins et al. 2007)
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Figure 2.1

Mean carbon (δ13C) and nitrogen (δ15N) stable isotope ratios from
sectioned brown bear hair

Mean carbon (δ13C) and nitrogen (δ15N) stable isotope ratios from sectioned brown bear
hair (n = 23) and associated food resources, Lake Clark National Park and Preserve,
Alaska, USA, October 2014. Discrimination factors were applied to each food category.
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Figure 2.2

Proportional contributions of meat and vegetation to the diets of brown
bears

Proportional contributions of meat (top panel) and vegetation (bottom panel) to the diets
of 23 brown bears, Lake Clark National Park and Preserve, Alaska, USA, August–
October 2014. Solid lines represent the population mean and dashed lines represent the
proposed optimal contribution of each food resource described by Robbins et al. (2007).
Decreasing width of bars represents 50%, 75%, and 95% Bayesian credible intervals.
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Figure 2.3

Relationship between body mass (kg) and proportion assimilated meat in
the diet above the proposed optimal

Relationship between body mass (kg) and proportion assimilated meat in the diet above
the proposed optimal (Robbins et al. 2007) for brown bears, Lake Clark National Park
and Preserve, Alaska, USA, August–October 2014. Triangles represent males, solid
circles females with dependent young, and open circles solitary females.
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INFLUENCE OF LANDSCAPE HETEROGENEITY ON HOME-RANGE SIZES OF
BROWN BEARS IN A SALMON SUBSIDIZED SYSTEM
Introduction
Animal space use is influenced by many factors including the distribution of
resources and conspecifics (Horne, Garton, and Rachlow, 2008), and can influence
animal survival and fitness (Powell, 2000). Under optimal foraging theory, individuals
use the landscape to optimize high-quality resources while minimizing the amount of
energy used to acquire them (e.g., minimizing travel costs; Charnov, 1976; Pyke,
Pulliam, and Charnov, 1977). Two strategies under this theory include resource
maximization (e.g., maximizing resources within a defendable area while expending high
levels of energy to defend and obtain those resources) and area minimizing (e.g., using
the minimum area required to meet energetic needs and expending relatively low
amounts of energy; Mitchell and Powell, 2004). The distribution and availability of
limited resources can markedly influence space use under both strategies, with space use
being minimized when resources are concentrated in space or time (Powell, 2000; Hiller,
Belant, and Beringer, 2015). The spatial resource variability hypothesis (SRVH; Hiller,
Belant, and Beringer, 2015) states that as patchiness of resources increases, individuals
use larger areas to obtain the resources necessary to meet energetic requirements
(Johnson et al., 2002). Additionally, under the temporal resource variability hypothesis
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(TRVH; Hiller, Belant, and Beringer, 2015), seasonal variation in available resources can
reduce distances moved while providing a variety of nutritional requirements (McClintic
et al., 2014). When resources are concentrated, under SRVH and TRVH, animals may
confer an advantage by using an area minimizing strategy (Mitchell and Powell, 2004).
However, if resources are dispersed, resource maximization may be beneficial.
Larger animals also may require greater areas to gain the resources necessary to
maintain their body size and successfully reproduce (McNab, 1963). Brown bears (Ursus
arctos) exhibit sexual size dimorphism, with males generally achieving larger mass than
females (Hilderbrand et al., 1999). Males typically have larger home ranges than solitary
females to meet the energetic requirements of maintaining a larger body size (e.g., the
metabolic hypothesis; McNab, 1963; Dahle and Swenson, 2003a). Alternatively,
increased space use by males could be explained by increased movements to find mates
during the breeding season (Dahle and Swenson, 2003b). Females with dependent young
also may increase space use to meet the energetic demands of supporting young (McNab,
1963). Alternatively, females with dependent young may decrease their home-range size
during the breeding season to reduce the risk of infanticide (Ebensperger, 1998; Dahle
and Swenson, 2003b). Within home ranges, space use of females with dependent young
can also be altered by larger, more dominant individuals outside of breeding season. Due
to high energy content, meat is a preferred food for bears and larger, dominant males
would use areas with abundant meat-based resources (Hilderbrand et al., 1999).
Consequently, females with dependent young must often trade-off access to areas with
high-quality food with reducing the risk of infanticide (Ben-David et al., 2004).
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Increased body fat has been positively associated with improved fitness in bears
(Ramsay and Stirling, 1988), therefore making food a critical component of habitat
selection (Reynolds-Hogland, Pacifici, and Mitchell, 2007). Brown bears are generalist
omnivores (Hilderbrand et al. 1996) that demonstrate considerable variation in seasonal
food habits (Munro et al., 2006). In spring, brown bears use areas that support early
vegetation growth (Suring et al., 2006) and presence of neonatal moose and caribou
(Ballard, Spraker, and Taylor, 1981). Berries (Vaccinium spp., Empetrum nigrum) and
salmon (Oncorhynchus spp.) become available in late summer and remain available
through autumn. Seasonal berry and salmon abundance can greatly influence movements
of brown bears, making these food sources particularly important when examining space
use (Barnes, 1990).
Our objective was to determine if seasonal home-range size of brown bears was
influenced by temporal availability and spatial distribution of resources and if individual
reproductive status, sex, or size (i.e., body mass) influenced space use. Under SRVH, we
predicted that increased landscape heterogeneity will result in increased space use.
Additionally, under the TRVH we predicted that increased seasonal availability of
resources will decrease the amount of space used by brown bears. Lastly, we predicted
that females with dependent young will use smaller areas than males or solitary females
to reduce risk of infanticide (Dahle and Swenson, 2003b). Alternatively, females with
young could use larger areas than males or solitary females due to increased energetic
requirements (e.g., the metabolic hypothesis; McNab, 1963; Dahle and Swenson, 2003a)
or because they are avoiding areas with high-quality resources that may have a higher
probability of use by more dominant individuals.
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Material and methods
Ethics Statement
Animal capture and handling procedures followed guidelines developed by the
American Society of Mammalogists (Sikes, Gannon, and the Animal Care and Use
Committee, 2011). Institutional Animal Use and Care Committees of the National Park
Service and U. S. Geological Survey (USGS) approved all capture and handling
procedures.
Study Area
We conducted this study in Lake Clark National Park and Preserve (NPP) located
in southwest Alaska, USA (60°35'00'' N, 153°15'02'' W). This area comprises 16,309 km²
with elevations from 0 to >3,000 m, and contains deciduous and coniferous forests,
shrub, grass and forb communities, barren ground, and permanent ice (Lake Clark
National Park, 2013; USGS, 2014). Common vegetative foods for bears included
blueberry (Vaccinium spp.), crowberry (Empetrum nigrum), horsetail (Equisetum sp.),
and devils club (Oplopanax horridum) (Lipkin, 2002). Although Lake Clark NPP is
largely a designated wilderness, it contains several areas of low-intensity development
(e.g., villages, airstrips). Temperatures range from -11°C in January to 13°C in July
(Bennett, Thompson, and Mortenson, 2006) and precipitation varies from 22.4 cm in
February to 81.7 cm in August (Schmoyer et al., 1992).
Lake Clark NPP encompasses the headwaters of Bristol Bay, one of the most
productive sockeye salmon (O. nerka) fisheries in the world (Salomone et al., 2010).
Salmon generally enter the system from the western boundary in mid-July and are present
through late October, providing a spatially constrained source of protein for bears.
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Estimated escapement of sockeye salmon for Lake Clark was 730,338 individuals in
2015 and 685,272 individuals in 2016 (D. Young, National Park Service, personal
communication). Lake Clark NPP also supports chinook (O. tshawytscha), chum (O.
keta), pink (O. gorbuscha), and coho (O.kisutch) salmon in smaller numbers. Terrestrial
meat is available to bears in the form of moose (Alces alces), Dall’s sheep (Ovis dalli),
and caribou (Rangifer tarandus). Parturition of moose and caribou generally occurs
between mid-May and early June (Schwartz and Franzmann 1998), providing increased
food opportunities for bears.
Capture and Handling
We captured brown bears in October and May 2014–2016 via helicopter darting
and immobilized using a 10–12 mg/kg mixture of tiletamine-zolazepam (Taylor,
Reynolds III, and Ballard, 1989). We weighed captured individuals using an electronic
scale (± 0.5 kg; MSI-7200; Measurement Systems International, Seattle, WA, USA),
determined sex of individuals and presence of dependent young, and fitted individuals
with global positioning system (GPS) radiocollars containing a release mechanism
(Argos TGW-4680H-3; Telonics Inc., Mesa, AZ, USA) to ensure collars were not
retained by bears after the completion of the study. We programmed collars to obtain a
location once every 90 minutes during 15 March–15 May and 16 June–1 December, once
every 30 minutes during 16 May–15 June, and once/day during 2 December–14 March.
Estimating Space Use
We used Brownian bridge movement models to estimate seasonal home ranges
for brown bears (Horne et al., 2007). We specified a mean telemetry error (δ) of 4.62 ±
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7.72 m based on 1,144 locations from two radio collars placed in open canopy on wooden
stakes 1.0 m above ground. We estimated Brownian motion variances (σ²m) by
constructing a maximum likelihood function for odd-numbered locations (Horne et al.,
2007). We then included these values (δ and σ²m) in a Brownian bridge movement model
to estimate 95% utilization distributions (UDs) for brown bears. We excluded data
collected during the denning season from our analysis and parsed data for the period 16
May–15 June to every 90 minutes to standardize relocation rates across seasons. We then
included all individuals in the analyses with >50 locations during the season of interest
(Belant and Follmann, 2002). We defined seasons as spring (den emergence through 14
July), summer (seasonally available salmon enter the system; 15 July– 31 August), and
autumn (hyperphagia; 1 September through den entry). We specified 180 minutes as the
maximum time between relocations (Nielson et al., 2013).
Evaluating Landscape Characteristics
To describe variation in resource use, we used the 2011 National Land Cover
Database (USGS, 2014) grid data with 30-m resolution, and specified each individualseason-year UD as the sampling unit. We assessed the spatial configuration of cover
types to determine landscape fragmentation. First, we calculated the percentage of like
adjacencies (PLADJ) for all cover types and PLADJ for berry cover specifically (i.e.,
dwarf scrub land cover; Belant et al., 2010) using FRAGSTATS (v4.2; McGarigal et al.,
2012). Percentage of like adjacencies results in highly fragmented UDs being assigned
low values and homogenous UDs reaching values closer to 100%. To further assess patch
richness and evenness, we used the Shannon diversity index (Shannon and Weaver, 1949)
as a metric of land cover diversity.
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Landscape composition within each seasonal UD was evaluated by determining
the proportion of berry habitat (Belant et al., 2010), average distance of locations to
salmon streams, and the average normalized difference vegetation index (NDVI) values.
Due to high energy content and seasonal abundance, salmon is an important food for
bears (Hilderbrand et al., 1999). As an index of importance of salmon resources, we
calculated the distance between each GPS location and closest salmon stream to
determine the average distance to salmon streams (Belant et al., 2010) for each bearseason-year combination during salmon presence (summer and autumn). Additionally,
we calculated average distance to salmon streams for individuals during spring to
evaluate use of riparian areas when salmon are not present. In spring, before salmon enter
the system, vegetative food resources are important to bears (McLellan, 2011). To
evaluate availability of spring forage, we used the Moderate Resolution Imaging
Spectroradiometer (MODIS) NDVI (NASA, 2015) as a measure of primary productivity
within spring UDs (Bojarska and Selva, 2012). For each bear-season-year combination,
we averaged 250-m resolution NDVI values within UDs using 16-day periods that best
approximated the date range for each season.
Models and Model Selection
We tested for multicollinearity among continuous covariates using the Pearson
product-moment correlation coefficient (r) and assumed multicollinearity existed
between pairs of covariates if |r| >0.70 (Dormann et al., 2013). If multicollinearity
existed, we included only the covariate we considered most biologically relevant. We
developed a set of a priori linear models, following those proposed by Hiller, Belant, and
Beringer (2015), to evaluate differences in seasonal UDs among individuals while testing
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the spatial resource variability and temporal resource availability hypotheses (Table 1).
We then assessed the residuals of our global model for normality using a global model
and log-transformed response variables when not normally distributed. For comparison,
we also ran the global model as a Poisson generalized linear mixed model (GLMM) with
individual combined with year as a random effect. We then selected the top-ranked global
model based on small-sample Akaike’s Information Criterion (AICc) and used the
associated model set. To avoid overparameterization, only the most relevant covariates
for testing each hypothesis were included within each model and we included an
intercept-only null model for comparison. Our model set incorporated sex and
reproductive status (male, solitary female, female with dependent young) and body mass
of individuals as independent variables to evaluate the influence of size and reproductive
status on space use.
Based on studies of over winter mass changes in coastal brown bears, individuals
are estimated to lose 352 g/day (Hilderbrand et al., 2000). Because bears in our interior
study system are smaller bodied and therefore likely lose less overall mass during
hibernation, we converted g/day mass loss to a percentage based on data from
Hilderbrand et al. (2000). This conversion resulted in an average mass loss of 33.89%
over winter. Therefore, we standardized body mass of bears captured in late October to
those captured in mid-May by subtracting 33.9% of an individual’s mass from autumn
captured bears.
We used model selection to determine the top-ranked model based on AICc
results and compared model weights (Burnham and Anderson, 2002). This approach
ranks models based on the maximum likelihood and penalizes models based on model
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complexity (Burnham and Anderson, 2002). We established statistical significance at α =
0.05 and report means + 1 standard deviation. We used ArcGIS (v10.2; Environmental
Systems Research Institute, Redlands, CA) for spatial analyses and Program R (v3.1.2,
www.r-project.org) for statistical analyses.
Results
We captured and radio collared 32 brown bears (9 male, 23 female). Based on
156,690 locations collected during 2015 and 2016, we estimated seasonal 95% UDs (n =
89; 19 males, 56 solitary females, and 14 females with dependent young) for spring (n =
32 individuals; x̅ = 1,389 locations/individual/season), summer (n = 29 individuals; x̅ =
811 locations/individual/season), and autumn (n = 28 individuals; x̅ =781
locations/individual/season) (Table 2).
We did not detect strong correlation between any pair of covariates (i.e., |r| <
0.58). We log transformed UD area because residuals were not normally distributed
based on the global model. The global model without random effects had a lower AICc,
therefore we used linear models to evaluate our data. All SRVH models were higher
ranked than models for any other hypothesis (Table 3). Our top-ranked model supported
SRVH and included PLADJ of all cover types (%; P < 0.01), reproductive class (P > 0.17
for males, solitary females, and females with dependent young), and body mass (kg; P =
0.66). This model contained 56% of the weight of evidence. Our second-best model
contained 41% of the weight and was < 2∆AICc units from the top-ranked model;
however, our top-ranked model was nested within it (Table 1). Because the second-best
model contained an additional parameter and model fit was not improved, we did not
consider it competitive (Burnham and Anderson, 2002).
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Based on our top-ranked model, for every percentage increase in PLADJ, UD area
was predicted to increase 1.2 times (Fig. 1). Percentage of like adjacency was similar
across UDs for males (x̅ = 77.16 ± 3.63), solitary females (x̅ = 75.35 ± 4.07), and females
with dependent young (x̅ = 75.25 ± 4.30). Reproductive class and body mass did not
influence UD size (Table 3).
Discussion
Although there is spatial and temporal variation in most food consumed by bears,
we found that the spatial distribution of these resources was more influential on space use
than was temporal availability. The SRVH proposes that animals use larger areas to meet
energetic requirements as landscapes become more heterogeneous (Johnson et al., 2002).
However, we found the opposite relationship in that as the landscape became more
homogenous, bears used larger areas. In black bears (Ursus americanus), as landscape
heterogeneity increased home-range size also increased (Hiller, Belant, and Beringer,
2015). Unlike the smaller-bodied black bear, brown bears are energy maximizers and
consume high amounts of protein to maintain their larger body size (Hilderbrand et al.,
1999; Costello et al., 2016). However, mixed diets of meat (terrestrial and aquatic) and
vegetation are optimal for mass gain in brown bears (Robbins et al., 2007). Because
terrestrial meat, salmon, and vegetation (e.g., berries) are often found in different areas
(Belant et al., 2010), and bears often require mixed diets (Stutzman et al. in review), we
suggest that brown bears in homogenous landscapes used larger home ranges to travel
among areas containing necessary food resources.
Body mass did not influence UD size in this study. Under the metabolic
hypothesis (McNab, 1963), larger individuals may increase space use to meet the
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energetic requirements associated with increased body size (Hiller, Belant, and Beringer,
2015). However, the linear relationship between home-range size and body mass found in
many carnivores can be influenced by habitat productivity (Lindstedt, Miller, and
Buskirk., 1986). Lake Clark NPP is a nutrient-rich system with abundant high-quality
foods for bears (Brazil, Bue, and Elison, 2013). Brown bears in our study system exhibit
considerable foraging plasticity yet individuals attain similar percentage body fat
(Stutzman et al., in review). Because of highly concentrated salmon resources, larger
individuals likely meet their energetic requirements through foraging in areas similar in
size to smaller-bodied bears.
As with body mass, reproductive class did not influence space use in this study.
Higher energy requirements of females with dependent young could result in larger home
ranges than males or solitary females (Lindstedt et al., 1986). In contrast, females with
dependent young could be spatially constrained due to dominance hierarchies and
infanticide risk (Ben-David et al., 2004). Although females with dependent young have
altered space use in response to males, it was reported from areas with higher bear
density (Ben-David et al., 2004) or systems with few sources of high-quality foods
(Dahle et al., 1998; Dahle and Swenson 2003a). Abundant food in the form of salmon or
terrestrial meat, coupled with relatively low bear density compared to other systems
subsidized by marine resources (Olson and Putera, 2007), may provide females with
dependent young increased opportunities to forage in high-quality areas with reduced risk
from conspecifics.
Our results did not support the TRVH, suggesting that the spatial distribution of
food is more important than seasonal availability. Salmon enter the Lake Clark system in
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mid-July and spawn through late October, with carcasses commonly available until the
following spring (Stanek, 2014). Similarly, in addition to ripe berries in late July through
October, berries from the previous year are available during spring. Therefore, although
abundance varies seasonally, these foods are available throughout the non-denning
period. Spatial factors (e.g., patch richness and evenness) have also been found to have a
greater influence on black bear space use than temporal factors such as mast production
(Hiller, Belant, and Beringer, 2015). Although spatial distribution of resources was more
important on a seasonal basis, we suggest evaluating the influence of temporal
availability at a coarser spatial scale (i.e. annual home ranges) to further evaluate its
importance.
Our findings provide support of the SRVH in that landscape heterogeneity
influences brown bear space use. However, we also suggest that brown bears used both
resource-maximizing and area-minimizing strategies for selecting home ranges. Though
bears will use the smallest area possible to gain required resources (e.g., area minimizing;
Mitchell and Powell, 2007), bears in our study used larger areas when the landscape was
homogenous, likely to gain a variety of foods (e.g. energy maximizing). Bears have
different nutritional requirements over time (e.g., hyperphagia), which can lead to
seasonal variations in home-range strategies (e.g., area minimizing or energy
maximizing) (Mitchell and Powell, 2004). Models investigating the factors that determine
home-range size in black bears suggest that drivers of home-range size and structure may
be common among many, if not all, species that show site fidelity (Mitchell and Powell,
2004; Mitchell and Powell, 2007). These models also suggest that the spatial distribution
of resources strongly affects home range size. Therefore, we propose that home ranges
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are likely structured on the spatial distribution of resources which can result in plasticity
between the use of energy maximizing and area minimizing strategies.
Table 3.1

Linear models used to describe differences in area of seasonal 95%
utilization distributions (km²) of brown bears

Rank
1

Hypothesis
SRVH

2

SRVH

3

SRVH

4

SRVH

5

SRVH

6

SRVH

7

SRVH

8

SRVH

9

SRHV

10

Reproductionbody mass

11

13

Reproductionbody mass
Reproductionbody mass
TRVH

14

TRVH

12

Model
PLADJ (all land cover types; %) +
reproductive class + body mass
PLADJ (all land cover types; %) +
reproductive class + body mass +
reproductive class : body mass
PLADJ (all land cover types; %) + PLADJ
(all land cover types) : body mass + PLADJ
(all land cover types) : reproductive class +
reproductive class + body mass
PLADJ (dwarf scrub; %) + reproductive class
+ body mass
Shannon diversity index + reproductive class
+ body mass + reproductive class : body mass
Shannon diversity index + Shannon diversity
index : reproductive class + Shannon diversity
index : body mass + reproductive class+ body
mass
Shannon diversity index + reproductive class
+ body mass
PLADJ (dwarf scrub; %) + reproductive class
+ body mass + reproductive class : body mass
PLADJ (dwarf scrub; %) + PLADJ (dwarf
scrub) : reproductive class + PLADJ (dwarf
scrub) : body mass + reproductive class +
body mass
Average distance to salmon stream (m) +
average distance to salmon stream:
reproductive class + average distance to
salmon stream : body mass + reproductive
class + body mass
Reproductive class + body mass
Reproductive class + body mass +
reproductive class : body mass
Average distance to salmon stream (m) +
average distance to salmon stream: season +
reproductive class + body mass
NDVI + NDVI : season + reproductive class +
body mass
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K ∆AICc w
6
0.00
0.56
8

0.62

0.41

9

5.91

0.03

6

11.37

<0.01

8

11.84

<0.01

9

12.61

<0.01

6

13.61

<0.01

8

14.68

<0.01

9

18.00

<0.01

2

27.53

<0.01

10

24.58

<0.01

5

25.07

<0.01

9

28.93

<0.01

7

25.32

<0.01

Table 3.1 (Continued)
Rank
15
16
17
18

Hypothesis
Null
Reproductionbody mass
Reproductionbody mass
TRVH

Model
Null
NDVI + NDVI : reproductive class + NDVI :
body mass + reproductive class + body mass
Dwarf scrub (%) + dwarf scrub : reproductive
class + dwarf scrub : body mass +
reproductive class + body mass
Dwarf scrub (%) + dwarf scrub : season +
reproductive class + body mass

K ∆AICc w
10
25.85 <0.01
10
27.03 <0.01
9

31.60

<0.01

10

32.23

<0.01

Linear models used to describe differences in area of seasonal 95% utilization
distributions (km²) of brown bears (n = 108 individual-season-year combinations), Lake
Clark National Park and Preserve Alaska, USA, May–November 2015–2016. The model
set was developed to test the spatial resource variability hypothesis (SRVH), the temporal
resource variability hypothesis (TRVH), and the effects of size (body mass) and
reproductive class (reproduction).

Table 3.2

Seasonal 95% Brownian bridge utilization distribution area (km2) for
brown bears

Season
n
LCL
UCL
x̅
Spring
7
78.62
44.22
113.03
Summer
6
58.41
35.46
81.37
Autumn
6 109.86
28.36
191.36
Solitary Female
Spring
19
57.92
36.33
79.52
Summer
19
51.10
30.13
72.06
Autumn
18
30.39
18.84
41.94
Female with dependent young
Spring
6
98.59
40.59
156.60
Summer
4
65.98
33.35
98.61
Autumn
4
51.02
24.60
77.45
2
Seasonal 95% Brownian bridge utilization distribution area (km ) for brown bears, Lake
Clark National Park and Preserve Alaska, USA, May–November 2015–2016; LCL =
95% lower confidence limit; UCL = 95% upper confidence limit.
Male
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Table 3.3

Top-ranked model to evaluate differences in brown bear seasonal UDs

Parameter
Estimate UCL
LCL
P
Intercept
-7.43 -11.80
-3.07 <0.01
PLADJ (all cover types)
0.15
0.10
0.21 <0.01
Male
0.07
-0.69
0.83
0.86
Solitary female
-0.42
-1.02
0.18
0.17
Body mass
-0.00
-0.01
0.01
0.66
Top-ranked model to evaluate differences in brown bear seasonal UDs based on AICc,
Lake Clark National Park and Preserve Alaska, USA, May–November 2015–2016. Log
transformed area (km2) of utilization distribution was the response variable; LCL = 95%
lower confidence limit, UCL = 95% upper confidence limit, PLADJ = percentage of like
adjacency

Figure 3.1

Study Area

Study Area, Lake Clark National Park and Preserve, Alaska, USA.
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Figure 3.2

Brown bear utilization distribution area (km2) as a function of percentage
of like adjacencies for all cover types

Brown bear 95% utilization distribution area (km2) as a function of percentage of like
adjacencies (PLADJ) for all cover types, Lake Clark National Park and Preserve Alaska,
USA, May–November 2015–2016. Solid circles represent females with dependent young,
open circles represent solitary females, and triangles represent males.
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