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Abstract. In temperate regions of the world, food resources are seasonally limited, which causes some wild-
life species to seek out nutrient-rich resources to better meet their caloric needs. Animals that utilize high-
quality resources may reap fitness benefits as they prepare for mating, migration, or hibernation. American
black bears (Ursus americanus) are omnivores that consume both plant and animal food resources to meet
macronutrient needs. Black bears capitalize on high-quality food resources, such as soft mast in summer and
hard mast during autumn, but we know less about the importance of resource quality during spring. There-
fore, we sought to understand the relationship between the spatiotemporal variation in the availability of food
and resource selection of black bears during spring. We also aimed to infer potential changes in foraging tac-
tics, from opportunistic foraging to more active selection. Although black bears are described as opportunistic
omnivores, we hypothesized they select areas with high-quality forage when available. We instrumented 7
black bears with GPS collars in 2017 and 2018 and estimated fine-scale resource selection with integrated step-
selection functions. We found evidence that black bear movements were influenced by forage quality of vege-
tative food resources. However, we failed to find evidence that black bears actively alter their movements to
take advantage of seasonal neonate elk. Although black bears represent a substantial cause of mortality for
neonate elk, we found that black bears likely feed on neonates encountered opportunistically while traveling
between patches of high-quality forage. Few studies have shown evidence of an omnivorous species capitaliz-
ing on spatiotemporal variation in forage quality, yet our data suggest this may be an important strategy for
species with diverse diets, particularly where resources are seasonally limited.
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INTRODUCTION Abrahms et al. 2020). In temperate regions of the
world, food resources are seasonally limited in

The quality and timing of food availability is space and time and the quality of these food
increasingly being recognized as important to resources can vary from year to year, directly
wildlife (Yang et al. 2008, Deacy et al. 2016, impacting the fitness of wildlife populations
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(Cook et al. 2004, Ryan et al. 2004, Proffitt et al.
2016, Birnie-Gauvin et al. 2017). In response to
this seasonal variation, some wildlife species
move across the landscape according to the tem-
porary availability of nutrient-rich resources,
known as resource pulses (Welch et al. 1997,
Davis et al. 2006, Bojarska and Selva 2012,
Denny et al. 2018, Dou et al. 2019). Resource
pulses may come from plant- or animal-based
foods, and individuals that follow different
resource pulses can maximize their energy gains
(Abrahms et al. 2020).

During summer and autumn, food resources
often are readily available in temperate regions,
making resource pulses less important to most
wildlife populations. In comparison, during
spring, foods may be more limited, making it
more important for some wildlife species to find
and track resource pulses. For example, some her-
bivore species track phenological changes of
herbaceous vegetation as it greens up in early
spring, referred to as the green wave or forage
maturation hypothesis (Fryxell 1991, Frank and
McNaughton 1992, van der Graaf et al. 2006, Bis-
chof et al. 2012, Merkle et al. 2016). Plants at early-
to mid-phenological stages are lower in biomass,
but less fibrous and easier to digest, thus more
nutritious (Hebblewhite et al. 2008). Therefore,
animals that track the pulsed availability of vege-
tation during green-up are able to optimize energy
intake, which can positively influence fitness (Heb-
blewhite et al. 2008, Bischof et al. 2012, Armstrong
et al. 2016, Merkle et al. 2016, Aikens et al. 2017).

The timing and availability of food resources is
particularly important for wildlife species that
hibernate, as they are only active during a lim-
ited portion of the year (Fishman and Lyman
1961, Geiser 1998, Humphries et al. 2003). In
North America, the American black bear (Ursus
americanus) is a large-bodied omnivore that
hibernates up to 6 months of the year and relies
on multiple resource pulses to meet their ener-
getic needs (Welch et al. 1997, Pelton 2003,
Klinka and Reimchen 2009, Costello et al. 2016).
During summer and autumn, a wide range of
food resources are available, but black bears clo-
sely track the availability of pulsed food
resources, such as hard and soft mast and
spawning salmonid species (Salmonidae spp.),
where available. These resources provide sources
of fat and protein that help bears prepare for
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hibernation (Inman and Pelton 2002, Belant et al.
2010, McLellan 2011).

During spring, resources for black bears are
less abundant and lower in carbohydrates and
fats, but higher in protein, which can make it dif-
ficult for bears to regain energy stores after hiber-
nation (Noyce and Garshelis 1998, Coogan et al.
2014, Erlenbach et al. 2014, Costello et al. 2016).
After emerging from hibernation, black bears
consume substantial amounts of vegetation, but
are unable to fully digest plant matter due to
their simple digestive systems, making it difficult
to meet their energetic needs on plant matter
alone (Pritchard and Robbins 1990, Costello et al.
2016, Herrero 2018). Later in spring, some black
bears will take advantage of the availability of
neonate ungulates, which are easier to digest
than plant matter, but low in fat, which also
makes regaining energy difficult (Pritchard and
Robbins 1990, Barber-Meyer et al. 2008, Bastille-
Rousseau et al. 2011, Schwartz et al. 2014, Rayl
et al. 2018, Svoboda et al. 2019).

Although some black bears struggle to regain
energy stores after hibernation in spring, there
are signs that other individuals are optimizing
the intake of spring resources to maintain or
regain energy stores (Noyce and Garshelis 1998,
Schwartz et al. 2014, Herrero 2018). For example,
some black bears mainly forage on earlier pheno-
logical stages of plants that are easier to digest,
suggesting they might be following the so-called
green wave (Pritchard and Robbins 1990, Fryxell
1991, Costello et al. 2016, Merkle et al. 2016, Her-
rero 2018). This phenomenon could explain how
black bears in northern and western portions of
North America sustain their body mass during
spring (Noyce and Garshelis 1998, Schwartz
et al. 2014, Costello et al. 2016). In addition, if
black bears are seeking out vegetation that is of
higher quality, they may only prey on neonate
ungulates opportunistically, as they encounter
them on the landscape (Bastille-Rousseau et al.
2011, Svoboda et al. 2019). In comparison, where
vegetative forage is lower quality, black bears
may instead actively prey on neonate ungulates
(Rayl et al. 2018), because neonates would pro-
vide a high-quality food resource. However, few
studies have explored the importance of forage
quality to black bears in spring.

Vegetative food resources comprise the highest
proportion of spring diets for black bears in the
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Greater Yellowstone Ecosystem (GYE; Fortin
et al. 2013, Costello et al. 2016), but black bears
also kill and consume neonate elk (Cervus
canadensis) during this time (Barber-Meyer et al.
2008). Therefore, we sought to determine the
relationship between the spatiotemporal varia-
tion in the availability of food resources and
resource selection by black bears during spring.
We also aimed to infer potential changes in for-
aging tactics, from opportunistic foraging to
more active selection. Black bears are described
as opportunistic omnivores, but we hypothe-
sized that black bears actively select areas with
high-quality forage, when available. Given that
the availability of high-quality vegetation varies
over space and time, movements to these quality
food patches would suggest that bears are more
actively selecting vegetative resources. We also
hypothesized that black bears would continue to
select areas with high-quality forage, even when
neonate elk become available. Although black
bears kill and consume elk neonates, calving
grounds are more spatially restricted on the
landscape compared with high-quality vegeta-
tion. Therefore, we hypothesized that bears
mostly consume neonates opportunistically,
while they are actively seeking out high-quality
vegetation. Relationships between spatiotempo-
ral availability of food resources and animal
movement can be key to better understand how
wildlife species deal with seasonal limitations.

METHODS AND MATERIALS

Study area

Yellowstone National Park (YNP) is in north-
western Wyoming, with additional portions in
Montana and Idaho. Our study area was within
the Northern Range, a 1530-km? area along the
northern third of the national park that extends
into southern Montana (Figure 1), with sampling
restricted to areas within YNP. Elevations vary
from 1590 to 3360 m with treeline around
2900 m. A mix of sagebrush (Artemisia spp.),
grasses and sedges (Carex spp.), and forbs are
found in the open meadows. Douglas-fir (Pseu-
dotsuga menziesii), lodgepole pine (Pinus contorta),
and aspen (Populus tremuloides) comprise most of
the lower elevation forest areas (1900-2200 m),
whereas subalpine fir (Abies lasiocarpa) and
whitebark pine (Pinus albicaulis) stands are found
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at higher elevations (22002900 m; Frank and
McNaughton 1992, Singer et al. 1994).

Several ungulate species are abundant
throughout the Northern Range, including elk,
mule deer (Odocoileus hemionus), and bison (Bison
bison) (White and Garrott 2005). Moose (Alces
alces), white-tailed deer (Odocoileus virginianus),
pronghorn (Antilocapra americana), bighorn sheep
(Ovis canadensis), and mountain goat (Oreamnos
americanus) also inhabit the Northern Range, but
are less abundant. The area is home to several
large carnivores besides black bears, including
grizzly bears (Ursus arctos), gray wolves (Canis
lupus), coyotes (Canis latrans), and pumas (Puma
concolor) (Barber-Meyer et al. 2008).

Live capture and collaring

We captured black bears using culvert traps
from May to October 2017 and May to June 2018
with the assistance of U.S. Geological Survey
(USGS) and National Park Service (NPS) person-
nel. Bears were chemically immobilized using
syringe poles and handled following approved
methods (MSU IACUC protocol 2017-24). We
equipped captured black bears with Iridium GPS
collars (Telonics, Mesa, AZ). During April 1-
November 30, collars were programmed to
record 1 location/h in 2017 and 1 location/30 min
in 2018. Locations were uploaded to the Iridium
satellite system every 8 h. During hibernation
(December 1-March 31), we recorded 1 loca-
tion/month. Collars were fitted with a CR-5 col-
lar release system (Telonics) and programmed to
release on October 15, 2018, for field retrieval.
We used cotton spacers as a secondary drop-off
mechanism (Hellgren et al. 1988).

Vegetation quantity and quality

To test how the spatiotemporal variation in
forage quality and quantity influences black
bear movements, we used two covariates (in-
stantaneous rate of green-up [IRG] and inte-
grated normalized difference vegetation index
[INDVI]) generated from normalized difference
vegetation index (NDVI) data (Geremia et al.
2019, Notaro et al. 2019). We used NDVI data
collected by the MOD09Q1 MODIS terra satel-
lite at a 250-m (pixel) spatial resolution and an
8-d temporal resolution, which we converted to
daily NDVI values by fitting a double-logistic
curve to the data to create a smoothed
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Fig. 1. Northern Range (yellow) of Montana and Wyoming, 2017-2018. Our study focused on the portion of
the Northern Range within Yellowstone National Park (below the solid red line).

time-series (Bischof et al. 2012, Merkle et al.
2016). Prior to fitting these curves, we accounted
for influences of spatiotemporal changes in
snow cover. We used snow cover data from the
MODIS satellite to develop a baseline NDVI
value for each pixel by calculating the 0.025
quantile of all NDVI values that were identified
as snow-free (Bischof et al. 2012, Merkle et al.
2016). We assigned this baseline NDVI value to
all pixels that were snow-covered in winter,
prior to green-up, and then fit a double logistic
curve to each year of data (Bischof et al. 2012,
Merkle et al. 2016). Because we focused on
increases above the NDVI baseline in each pixel,
we were able to track changes in green-up
across different vegetation communities, even in
areas that might already be reflecting green val-
ues in the satellite imagery, such as the over-
story of coniferous forests (O’Leary et al. 2018).
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To assess changes in forage quality in spring, we
used IRG, which tracks how quickly vegetation
reaches peak spring green-up (Merkle et al. 2016,
Aikens et al. 2017). We estimated IRG by comput-
ing the first derivative of the fitted daily NDVI
data curve, which we scaled between 0 and 1 (Bis-
chof et al. 2012, Merkle et al. 2016). Scaled IRG
values of 0 represent prior to green-up or after
complete senescence and values of 1 represent the
peak rate of green-up or optimal forage quality
(Merkle et al. 2016, Aikens et al. 2017, Geremia
et al. 2019). In addition, to constrain our analysis to
the timing of spring green-up each year, we com-
puted the first and second derivatives of the fitted
IRG curve to index the dates when spring green-
up began and ended each year (Merkle et al. 2016).

To evaluate overall changes in the quantity of
green vegetation separately from the phenologi-
cal state, we used INDVI (Pettorelli et al. 2005).
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We calculated INDVI for each pixel by summing
daily, unscaled NDVI values above the winter
baseline over time, representing the accumula-
tion of biomass (Pettorelli et al. 2005). By com-
puting INDVI for each pixel, we were able to
explore how bears responded to spatiotemporal
changes in quantity and quality of vegetation
resources.

Elk calving grounds

To assess whether the birth pulse of neonate
elk influenced resource selection by black bears,
we mapped the calving grounds of the Northern
Range. Elk and other ungulates show strong site
fidelity for calving areas (Vore and Schmidt 2001,
Nicholson et al. 2019), so we first created a base
map of calving grounds using capture locations
of neonate elk from a previous study on the
Northern Range (Barber-Meyer et al. 2008). We
then added a 900-m buffer around each capture
location to account for the average distance a
female elk could travel 10 d after giving birth,
when newborn calves are most vulnerable to pre-
dation (Vore and Schmidt 2001, Barber-Meyer
et al. 2008).

To further identify calving ground locations
and evaluate the accuracy of our base calving
grounds map, we used the locational data of col-
lared female elk to identify locations of elk partu-
rition (D. MacNulty, Utah State University,
unpublished data). Pregnant ungulates greatly
increase their daily movements (the maximum
distance traveled in a day) before giving birth
and reduce their movement after giving birth
(Vore and Schmidt 2001, D’Angelo et al. 2004,
DeMars et al. 2013, McGraw et al. 2014, Nichol-
son et al. 2019). Researchers have used these
changes in movement to identify parturition
events (Clutton-Brock and Guinness 1975, D’ An-
gelo et al. 2004, DeMars et al. 2013, McGraw
et al. 2014). We used the adhabitatLT package in
program R to calculate the trajectory (the dis-
tance traveled between successive GPS locations)
(R Development Core Team 2013, Calenge 2015)
of collared elk to look for daily average changes
in movement to identify parturition events
(DeMars et al. 2013), corresponding to likely
calving sites. Additionally, we used the bcpa (be-
havioral change point analysis or BCPA) function
(Gurarie 2014) to identify patterns of changes in
behavior that might indicate parturition events
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(Gurarie et al. 2009, Nicholson et al. 2019). We
overlaid the locations of predicted parturition
events, identified by both trajectory analysis and
BCPA, on the base calving grounds map to deter-
mine how well locations of captured neonates
and predicted calving sites matched spatially.
Based on the trajectory analysis and BCPA, we
identified 49 calving sites for 27 of the 29 elk, and
15 of the 29 elk had >2 calving sites identified
over multiple years. Twelve of those elk had calv-
ing sites within 5 km of the previous year’s calv-
ing location, supporting the idea that elk show
strong site fidelity when calving (Vore and Sch-
midt 2001, Barber-Meyer et al. 2008, Nicholson
et al. 2019). Of the 49 calving sites, 22 were
within the Northern Range. We added 900-m
buffers to these locations to create our final calv-
ing grounds map, which we converted into a bin-
ary raster map depicting areas within and
outside the calving grounds. Detailed methods
for generating and evaluating the calving
grounds layer are available in Appendix S1.

Landscape features

While testing the influence of the forage qual-
ity and abundance on bear movement, we also
wanted to account for the potential influence of
landscape variables that act as proxies for food
resources. We modified an existing vegetation
community layer based on climatic overstory
and understory plants (habitat type layer, 50-m
pixel resolution; Despain 1990, Yellowstone Spa-
tial Analysis Center 2010). We also examined
slope and aspect (10-m digital elevation model;
U.S. Geological Survey 2009) because these vari-
ables can influence the quality and availability of
different vegetative resources and have helped
explain resource selection in other studies of
black bears (Bastille-Rousseau et al. 2011, John-
son et al. 2015, Rayl et al. 2018, Ahrestani and
Fish 2020). We converted aspect to one of four
categorical cardinal directions (E: 45°-135°, S:
135°-225°, W: 225°-320°, N: 320°-45°).

Integrated step-selection functions

We used integrated step-selection functions to
test how the availability of resources influences
black bear movements (Thurfjell et al. 2014,
Signer et al. 2019). Step-selection functions com-
pare characteristics of a used location to >1
paired available locations (Thomas and Taylor
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2006, Thurfjell et al. 2014, Signer et al. 2019). We
generated available locations to pair with each
used (bear) location based on the parametric dis-
tribution of turn angles and distances traveled
between successive locations, known as steps, of
each collared bear using the amt package in R
(Forester et al. 2009, Thurfjell et al. 2014, Merkle
et al. 2016, Signer et al. 2019). Although collars
were scheduled to record a location every 2 or
1 h, not every GPS fix was successful. Based on
the mean distribution of time between successive
locations, we set step length as a 2-h interval
(Signer et al. 2019). We incorporated a covariate
for distance between successive used locations
and distance between used and available loca-
tions as a resource-independent movement ker-
nel, to account for the potential that animal
movement is conditional on resource selection
(Forester et al. 2009, Signer et al. 2019). To deter-
mine an appropriate ratio of paired used to avail-
able locations, we ran a series of models that
paired each used location with 5, 10, 20, or 30
available locations, respectively (Northrup et al.
2013, Thurfjell et al. 2014). We then compared
estimated coefficients among models to deter-
mine where estimates stabilized and selected the
model with the lowest ratio of used to available
locations (Forester et al. 2009, Thurfjell et al.
2014, Peck et al. 2017). Estimates were consistent
once we reached a 1:10 ratio.

We used conditional logistic regression to assess
whether bears selected resources disproportion-
ately to local availability (Fortin et al. 2005, Thurf-
jell et al. 2014, Signer et al. 2019). We centered
and scaled all continuous covariates before fitting
models. For categorical covariates, we used one of
the categories as the reference level (east for the
aspect covariate and big sagebrush for vegetation
community type). Before fitting any models, we
checked for collinearity among covariates using
the cor function in R; the largest correlation was
0.36. To test how forage quality and the availabil-
ity of neonate elk influenced black bear move-
ments, we first created a base or null model (base)
that included INDVI, vegetation community,
slope, aspect, and distance between successive
locations (the resource-independent movement
kernel). We created three additional models that
included all possible additive combinations of
IRG and elk calving grounds (base + IRG,
base + ElkCalf, base + IRG + ElkCalf) to test our
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research hypotheses how forage quality and the
availability of elk neonates influenced resource
selection by black bears. We compared support
for these four models using small-sample cor-
rected Akaike’s information criterion (AIC,)
(Burnham and Anderson 2004). Finally, we com-
pared dates when pixels reached peak IRG with
dates of bear use to determine if bears used vege-
tation before or after peak green-up (Merkle et al.
2016, Aikens et al. 2017).

REesuLTs

We used location data from seven of eight
GPS-collared black bears (one adult male, one
subadult male, two subadult females, and four
adult females) in our resource selection models.
We excluded one adult female bear because
recorded locations did not meet our time frame
requirements for the spring green-up or calving
periods (April 27-June 8). For these seven bears,
we analyzed a total of 3,287 used locations
paired with 32,870 available locations.

The top model included both IRG and elk calv-
ing grounds covariates (base + IRG + ElkCalf)
(Table 1). As we predicted, bears selected loca-
tions with higher forage quality (IRG: B = 0.12,

Table 1. Model selection results to assess the impor-
tance of forage quality (IRG) and pulsed availability
of elk neonates (ElkCalf) for resource selection by
black bears (n = 3,287 locations from 7 radio-

collared bears), Northern Range, Yellowstone
National Park, 2017-2018.
Model K§ AICY AAICH  w)
baset + IRGt + ElkCalff 13 13,704.18  0.00  0.887
base + IRG 12 13,708.48 4.30 0.103
base + ElkCalf 12 13,713.42 9.24 0.009
base 11 13,717.96 13.78 0.001

+ base, base model included integrated NDVI, aspect,
slope, vegetation community, and distance to successive loca-
tions (resource-independent movement kernel). IRG, covari-
ate measuring instantaneous rate of green-up to assess
selection of forage quality.

1 ElkCalf, covariate to assess selection of elk calving
grounds.

§ K, number of parameters in a model.

9 AIC, Akaike’s information criterion corrected for small
sample sizes.

# AAIC, difference between ranked models using
Akaike’s information criterion corrected for small sample
sizes.

| w;, Akaike (AIC,) weight.

November 2021 ** Volume 12(11) *%* Article 03773



1-Dynamic resources

1.0-

0.5- I

2-Vegetation community

BOWERSOCK ET AL.

3-Landscape features

a
c
0
g . ;
© 0.0 T
8 1 t i
xS
()]
m
-05-
-1.0-
1 1 Ll 1 1 ' 1 L) 1 1 1 Ll |
% ¥ (9 @ 2 QA S 92 o )
N 9 & g &S S ¥ 5 o2 &S
A S & FE S FHELD
QQ 5@ 4 0300 g & & ¢ ¥ ¢ F
& X A NS ¢
S & & & Q9 &
s N S F S &P -
g 5 > N @
Q}"' N N g @& © &
S QS S Q Q &
g 9 & & S ¥
Q <X Q
QO [9) .QQ)
@ Q
RS >
S
2

Fig. 2. Beta coefficients and standard errors for covariates for the top model (base + IRG + Elk Calving
Grounds), based on locations from 7 black bears tracked April 27-June 8, Northern Range, Yellowstone National
Park, 2017-2018. All continuous covariates were centered and scaled (Integrated NDVI, IRG, distance between suc-
cessive points [GPS locations], slope). The elk calving grounds covariate was binary and aspect and vegetation com-
munity were categorical. The reference category for aspect was east and the reference category for vegetation
community was big sagebrush. Estimates above the reference line at zero indicate positive selection for a covariate.

SE = 0.035), but lower forage biomass (INDVI:
B = —0.045, SE = 0.036, Figure 2). On average,
bears used locations 10.5 d after vegetation
reached peak quality (SE = 0.24, range =35 d
before to 73 d after; Figure 3). However, we did
observe some variation in how closely bears
tracked peak forage quality in different vegeta-
tion communities (Appendix S2). Black bears
tracked forage quality more closely in subalpine
fir forest and non-forested areas, compared with
forests dominated by Douglas fir. We also found
evidence that black bears selected areas outside
of the elk calving grounds (f = —0.47, SE = 0.19,
Figure 2), supporting our prediction that bears
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consume neonates opportunistically. Addition-
ally, black bears showed the strongest selection
for forested vegetation communities over non-
forested communities, particularly communities
dominated by subalpine fir and Douglas fir (Fig-
ure 2). Black bears also selected steeper slopes
and areas with easterly aspects (Figure 2).

DiscussioN

We found evidence that black bear movements
were influenced more by forage quality than the
availability of neonate elk during spring. By
focusing foraging efforts on higher quality
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Fig. 3. Julian dates when a location on the landscape reached maximum IRG (instantaneous rate of green-up)

versus when that same location was used by a collared bear during the spring green-up period (R* = 0.25),
Northern Range, Yellowstone National Park, 2017-2018. The black diagonal line represents use of locations at
maximum IRG. Observations above the line indicate locations used by black bears after maximum IRG occurred

(75% of bear locations), whereas observations below the line indicate locations used by black bears before vegeta-
tion reached maximum IRG (25%). On average, bears used locations 10.5 d (SE = 0.24) after maximum IRG.

forage, black bears can obtain more digestible
energy, allowing them to better maintain body
mass after emerging from hibernation (Noyce
and Garshelis 1998). Our findings therefore may
help explain how black bears in the GYE are able
to maintain fat stores throughout the spring, by
capitalizing on seasonal resources (Schwartz
et al. 2014). Previous studies have noted that
black bears focused their spring foraging efforts
on freshly emerged plant matter thought to pro-
vide better nutrition (Robbins et al. 2004,
Schwartz et al. 2014, Costello et al. 2016, Herrero
2018). Our study provides empirical support that
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black bears indeed select vegetation based on for-
age quality.

Although we were able to document that the
quality of vegetative forage influences black bear
movements, we failed to find evidence that black
bears actively alter their movements to take advan-
tage of neonate elk when they become available,
based on the negative coefficient for calving
grounds. Black bears on the Northern Range are a
common predator on neonate elk in spring
(Barber-Meyer et al. 2008), but we found that black
bears continued to focus their foraging efforts on
higher quality vegetative forage during the calving
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period. Therefore, black bears are likely killing and
feeding on elk neonates opportunistically while
moving between patches of vegetative forage, a
pattern found in several previous studies (Bastille-
Rousseau et al. 2011, Svoboda et al. 2019).

Landscape features such as vegetation commu-
nities also influenced black bear movements.
Similar to other studies, black bears selected
forested vegetation communities, particularly
spruce—fir forests, over non-forested vegetation
communities (Johnson et al. 2015, Bastille-
Rousseau et al. 2016, Svoboda et al. 2019).
Forested areas provide black bears with pre-
ferred food resources such as graminoids and
invertebrates (Holm et al. 1999, Mattson 2001,
Rayl et al. 2018). Forested areas also provide
cover for thermoregulation and allow black bears
to reduce interactions with grizzly bears (Aune
1994, Mattson et al. 2005, Belant et al. 2010,
Sawaya et al. 2016, Herrero 2018).

Black bears in our study selected easterly
aspects, which tend to green-up earlier than
other areas (Gregory et al. 2009), a pattern that
also is consistent with our finding that bears
selected for areas with higher quality forage. In
comparison, south-facing slopes are drier and
produce less vegetative biomass (Albon and
Langvatn 1992, Ahrestani and Fish 2020), which
may explain why bears in this and other studies
selected against these areas (Mack 1988). Bears
also selected areas with steeper slopes. This pat-
tern may be a function of bears selecting areas
with clover (Trifolium spp.), a highly nutritious
food that grows on steeper slopes (Pritchard and
Robbins 1990, Romain et al. 2013).

Our findings provide new insights about the
influence of forage quality on resource selection
by black bears, but we acknowledge that our
inferences are based on a relatively small sample
size, dominated by females (5 of 7 bears).
Although female and male bears select different
food resources to meet their varying metabolic
needs during the year (Gunther et al. 2002, 2018,
Apps et al. 2006, Gantchoff et al. 2019), early
snowpack limits spring resources to lower eleva-
tion areas of the Northern Range (Notaro et al.
2019). Therefore, male and female bears likely
were restricted to the same areas and resources
during spring (Beckmann and Berger 2003, John-
son et al. 2015). Additionally, our parameter esti-
mates had relatively small standard errors,

ECOSPHERE % www.esajournals.org

BOWERSOCK ET AL.

which suggest our findings could apply to other
bears on the Northern Range.

Black bears are active for as little as 6 months
of the year (Pelton 2003). By tracking spatiotem-
poral variation in food quality, black bears are
able to optimize nutrient intake to maintain and
increase body mass throughout the year. Because
anthropogenic activities such as climate change
may not only affect availability of food resources
but also the quality of those resources, such
changes may have potential implications for bear
fitness (Robbins et al. 2004, Gunther et al. 2014,
Sawaya et al. 2016). Therefore, it is vital that
resource quality be considered when assessing
the importance of food resources to black bears
and other wildlife species to inform future con-
servation and management decisions.
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