Received: 13 February 2024

Revised: 4 May 2025

W) Check for updates

Accepted: 30 May 2025

DOI: 10.1111/csp2.70088

CONTRIBUTED PAPER

Conservation Science and Practice
: = ILEY
A journal of the Society for Conservation Biology

Changing grizzly bear space use and functional connectivity
in response to human disturbance in the southern
Canadian Rocky Mountains

Eric C. Palm'?® | Clayton D. Apps® | Tal Avgar**© | Melanie Dickie® |
Bruce N. McLellan® | Joseph M. Northrup’ ® | Michael A. Sawaya® |
Julie W. Turner®>©® | Jesse Whittington®® | Erin L. Landguth'®® |

Katherine A. Zeller® |

Clayton T. Lamb”

lComputattional Ecology Lab, School of Public and Community Health Sciences, University of Montana, Missoula, Montana, USA

2Rocky Mountain Research Station, Aldo Leopold Wilderness Research Institute, US Forest Service, Missoula, Montana, USA

3Aspen Wildlife Research Inc., Powell River, British Columbia, Canada

4Department of Biology, Irving K. Barber Faculty of Science, University of British Columbia, Vancouver, British Columbia, Canada

Swildlife Science Center, Biodiversity Pathways Ltd., Kelowna, British Columbia, Canada

°International Union for the Conservation of Nature, Bear Specialist Group, D'Arcy, British Columbia, Canada

"wildlife Research and Monitoring Section, Ontario Ministry of Natural Resources and Forestry and Environmental and Life Sciences Graduate
Program, Trent University, Peterborough, Ontario, Canada

8Sinopah ‘Wildlife Research Associates, Missoula, Montana, USA

“Parks Canada, Banff National Park Resource Conservation, Banff, Alberta, Canada

%Computational Ecology Lab and Center for Population Health Research, School of Public and Community Health Sciences, University of Montana,

Missoula, Montana, USA

Correspondence

Eric C. Palm, Computational Ecology Lab,
School of Public and Community Health
Sciences, University of Montana,
Missoula, MT, USA.

Email: e2palm@gmail.com; epalm@mso.
umt.edu

Funding information

Wilburforce Foundation; Rocky Mountain
Research Station; Habitat Conservation
Trust Foundation; Elk Valley Regional
Land Trust; Yellowstone to Yukon
Conservation Initiative; University of
Montana; Nature Conservancy of Canada;
National Program for Ecological Corridors

Abstract

Understanding wildlife responses to human disturbance is essential for devel-
oping effective conservation and management strategies. Grizzly bears in the
southern Canadian Rocky Mountains face increasing habitat alteration from
roads, forest harvest, human settlements, and mining, which can alter the way
animals move through the landscape. Deleterious effects on genetic exchange,
demographic connectivity, and access to key resources can occur if movements
are dramatically altered. We used integrated step-selection functions (iSSF) to
model movement and habitat selection for 109 GPS-collared grizzly bears
across an 85,000 km® multi-use landscape in southeastern British Columbia
and southwestern Alberta. We then simulated individual grizzly bear move-
ments from fitted iSSFs to predict changes in population-level space use and
functional connectivity under the following scenarios: (1) without current
levels of human disturbance, (2) under current conditions, and (3) with a

defined increase in human disturbance. Bears avoided crossing highways but
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1 | INTRODUCTION

were attracted to areas alongside highways in areas with relatively low forage
availability at a broad spatial scale, such as in Banff National Park and the
Kananaskis region. Females generally avoided moving through towns in spring
and summer, while males were more likely to do so. Additional footprints of
proposed mines and expanded human settlements in a potential future sce-
nario were predicted to further decrease functional connectivity for grizzly
bears on top of prior connectivity losses from existing human disturbance. Our
study builds upon existing work simulating animal space use from fitted iSSFs
by incorporating individual-level variation into population-level simulations
and by fitting functional responses that help capture broad-scale variation in
behavior and improve model transferability to new areas. Our results provide
insights into grizzly bear movement and connectivity in an area of high conser-
vation importance, and our predictive maps can be used to directly inform
transboundary management actions and conservation planning.

KEYWORDS

conservation, functional connectivity, habitat selection, human development, integrated step
selection, movement ecology, utilization distribution

subpopulations in this region have become increasingly

Wildlife movement is a fundamental ecological process
that facilitates the acquisition of food, search for mates,
and security from threats (Turchin, 1998). Habitat change
through loss, fragmentation, and degradation can impede
animal movement, thereby reducing access to resources
and increasing their vulnerability to mortality while mov-
ing within and between habitat patches (Lindenmayer &
Fischer, 2013). Reductions in movements in response to
human influence have been documented across many
species of mammals around the world, with far-reaching
effects on multiple ecosystem processes (Tucker
et al., 2018). Further, declining functional connectivity
via reduced movement success among and between habi-
tat patches can decrease the spatial distribution, abun-
dance, and population persistence of animals (Bowne &
Bowers, 2004; Fahrig, 2007).

Understanding how increasing human disturbance
affects wildlife movement is necessary for developing
effective wildlife conservation and management strate-
gies (Doherty & Driscoll, 2018). Here, we focus on the
movement, habitat selection, and connectivity of grizzly
bears (Ursus arctos) in the southern Canadian Rocky
Mountains (Figure 1), where a growing footprint of
roads, mines, human settlement, and other infrastructure
has negatively affected their movements, behavior, and
survival (Ciarniello et al., 2007; McLellan &
Shackleton, 1988; Nielsen et al., 2004; Northrup, Pitt,
et al., 2012). As a result of this development, some

isolated with minimal demographic interchange, and
bears living in close proximity to humans rely on connec-
tivity to nearby wilderness areas to offset human-caused
mortality and to sustain viable populations (Lamb
et al., 2020; Proctor et al., 2012). Identifying factors affect-
ing grizzly bear habitat selection and mapping predicted
space use in this region is key to proactive conservation
and land planning. Safeguarding the movement of grizzly
bears in this region (and movements between this region
and populations south of the Canada-USA border) is
important, given the near complete loss of connectivity
that has occurred farther south between the Greater Yel-
lowstone population and neighboring USA populations,
and given the challenges in establishing connectivity cor-
ridors once lost (Sells et al., 2023).

Integrated step-selection analyses are an attractive
approach for assessing movement, habitat selection, and
connectivity from telemetry data because they relax the
assumption that movement and habitat selection are
independent, simultaneously estimate parameters for
both processes, and model interactions between the two
(Avgar et al., 2016). Practitioners can simulate individual
animal paths parameterized by these models to estimate
population-level utilization distributions, which are more
accurate than maps from traditional resource selection
models that assume constant resource availability across
space and time (Signer et al., 2017, 2024). For example,
Sells et al. (2022, 2023) simulated movements from iSSFs
fitted to individual bears to predict connectivity between

85UB017 SUOWIWIOD @A R0 8|qedldde 8Ly Ag peusenoh ae sajolfe YO ‘8sn Jo s8jnJ 104 Areiq1 8Ul|UO /8|1 UO (SUORIPUOD-PUE-SWLBH 0" A3 |IM ARl jeuUO//Sdny) SUORIPUOD pue SWwie | 84} 83S *[9202/50/02] Uo Ariqiauliuo A8|IM ‘88002 2dSO/TTTT OT/I0p/W00" A3 1M Alelq1jeulJU0"01GUO//SANY Woi4 papeo|umoq ‘8 ‘G202 ‘vS8r8.5e



PALM ET AL.

Conservation Science and Practice - —Wl LEY 30f18

A journal of the Society for Conservation Biology

N

>
{ oAz
e Banff west
o Banff east
- e Kananaskis
e Elk Valley north
| o Elk Valley south
Southeast
— Human footprint
National Park
Provincial Park
\ Wilderness Area
Wildland Provincial Park [
e T ST My R e

| @ CANADA

31— H
EE
E b
—

pElad

‘lErr
£i
i

jamasl
- H“-—ﬂ‘r

f “““ﬁf‘r

|
s
=
T

ol
=)

]
o

4
[
il

i
_o_dt__'
Py
Hi

=

s
E
PR ey s X

F it
N

S
PO
#=
:
i
A
=5

1 =
BE
@

|4

_E P
L
+
oS 3=
& 1
4 e

e

Sl
g |
==
ST
i
=
o
P

=
"le —,L».jL

2

=5

H

£ )
i, e

s )l | TS |
F Y - WA NI \u_h/
(2799 £y L e N

FIGURE 1

Study area for grizzly bear space use and functional connectivity analyses in the southern Canadian Rocky Mountains

showing locations of grizzly bear GPS locations, collected from 2000 to 2020, used to fit integrated step-selection functions. Colors of GPS
locations indicate different regions within the study area that were used in spatial cross-validation of the models. Assignment of individuals

to regions was based on location centroid.

grizzly bear recovery areas in the United States, while
Whittington et al. (2022) used behavioral state-based
SSFs to predict connectivity losses for grizzly bears and
wolves under a proposed human development expansion
in Alberta's Bow Valley. Others have used simulations to
predict dispersal corridors and interpatch connectivity
(Hofmann et al., 2023), and to quantify barrier effects of
highways on connectivity (Aiello et al., 2023).
Simulations from fitted integrated step-selection func-
tions (iSSFs) also provide a means to estimate Merriam

connectivity, a type of functional connectivity defined as
per-individual movement success between and within
habitat patches (Fahrig et al., 2021). Merriam connectiv-
ity explicitly incorporates species-specific movement
capability and structural landscape effects on connectiv-
ity. Quantifying connectivity directly from simulated tra-
jectories obviates the need to separately predict landscape
resistance (e.g., via transformed spatial predictions from
a habitat selection model) for use in connectivity analyses
such as cost-distance or circuit theory (Zeller et al., 2012),
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FIGURE 2

Steps for predicting annual space use and functional connectivity using simulations parameterized from integrated step-

selection functions fitted to GPS location data from 109 grizzly bears from 2000 to 2020 in the southern Canadian Rocky Mountains.

which require predefined path destinations and assume
animals have perfect knowledge of landscape resistance
and exhibit consistent movement behavior.

We used a multi-step approach (Figure 2) to predict
grizzly bear movements, habitat selection, and functional
connectivity under a scenario without current human dis-
turbance, under current conditions, and under a potential
future scenario with additional human disturbance. We
build upon existing studies that simulate trajectories from
fitted movement models by incorporating uncertainty and
individual-level variation into population-level simula-
tions, explicitly accounting for seasonal variation in move-
ment and habitat selection, and fitting generalized
functional response terms (Matthiopoulos et al., 2011) to
help capture broad-scale variation in behavioral responses
and improve model transferability to new areas (Paton &
Matthiopoulos, 2016).

First, we fitted iSSFs to estimate the degree to which
a suite of habitat attributes affected grizzly bear move-
ments, with a particular focus on how human infrastruc-
ture and broad-scale variation in habitat availability
influenced habitat selection. These iSSFs explicitly mod-
eled sex-specific variation in movement and habitat selec-
tion. We hypothesized that grizzly bear movement
behavior would generally reflect a tradeoff between
access to high-quality forage and exposure to humans,
and that these behavioral responses would differ between
sexes and across seasons (Nielsen et al., 2010; Roever
et al., 2008; Table S1). We then simulated individual
movements from fitted iSSFs to predict population-level
utilization distributions (UD) at a spatial extent large
enough to help guide conservation planning at regional,
national, and international levels (Hilty et al., 2020;
Pither et al., 2023). Finally, we predicted changes to griz-
zly bear functional connectivity by calculating movement

success of simulated animals within and between habitat
patches in a subset of our study area with high amounts
of existing and proposed human disturbance, high bear
densities, and frequent human-bear conflicts.

2 | METHODS

21 | Study area

Our study area consisted of 85,000 km? of southeastern
British Columbia (BC) and southwestern Alberta (AB),
including a large portion of the southern Canadian Rocky
Mountains (Figure 1). At a broad spatial scale, this region
provides important connectivity along the continental
divide between highly fragmented animal populations in
the south and larger ones to the north and west (Apps
et al., 2007). The Rocky Mountains form a narrow (50-
100 km) corridor between the developed prairies to the
east and the settled valley of the Rocky Mountain Trench
to the west, and encompass large swaths of protected
areas, including several national parks, provincial parks,
and provincial wildland areas. Several major highways
cross the region, primarily along valley bottoms but also
across several high mountain passes. Human settlement
is largely confined to valley bottoms, low-elevation foot-
hills, and prairies, and most mining activity occurs in the
Elk Valley and nearby areas in the south. Recent
increases in tourism and associated traffic, ongoing devel-
opment of coal mines in the south, and human popula-
tion growth have increased habitat alteration in the
region. Agricultural development is widespread in the
eastern prairie and foothills portion of our study area and
localized in valley bottoms in the mountains. In AB, griz-
zly bear hunting was banned in 2006, and the species is
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listed as Threatened under the Wildlife Act (Government
of Alberta, 2022). Hunting of grizzly bears was legal out-
side of national parks in BC until it was banned in
late 2017.

2.2 | Telemetry data

We used GPS collar data from grizzly bears captured
throughout the southern Canadian Rocky Mountains.
Bears were captured using multiple methods, including
darting from a helicopter, leg restraints, and culvert traps.
Full details on bear capture methods and animal care
protocols can be found in Northrup, Pitt, et al., 2012,
McLellan, 2015, Lamb et al., 2020, and Whittington
et al., 2022. Our initial dataset included 305,619 GPS loca-
tions from 159 GPS-collared grizzly bears whose collars
collected data between 2000 and 2020. We resampled
GPS location data to a relocation interval of ~6 hours to
maintain a consistent sampling rate across individuals for
our iSSFs and to maximize sample sizes throughout the
study extent and across different collaring efforts. This
relocation interval limited the spatial domain available to
an animal at a given time step to be within a distance
reachable within 6 h. We captured seasonal differences
in movement and habitat selection behavior by assigning
location data into one of three time periods, which were
modified slightly from the seasons used by McLellan and
Hovey (1995) that were based on changes in grizzly bear
diet. Our seasons were: spring (den emergence-July 15),
summer (July 16-Sept 15), and fall (Sept 15-den
entrance). We fitted separate iSSFs for each season.

2.3 | Habitat covariates

A major focus of our analyses was to understand grizzly
bear behavioral responses to different types of human
disturbance, including roads (separated into highways
and non-highways), mines, and towns. Highways and
non-highway roads were represented as static distance
decay variables, which were negative exponential trans-
formations of distances to the nearest feature
(e.g., Nielsen et al., 2009). We expected these two road
types would have different effects on bears behavior due
to differences in vehicle speed and traffic volumes
(Gibeau et al., 2002; Northrup, Pitt, et al., 2012; Waller &
Servheen, 2005). We also represented highways as static
semi-permeable movement barriers, binary variables
indicating whether each step (i.e., the straight line con-
necting consecutive locations) intersected a highway. We
acknowledge that the straight-line “steps” are modeling
heuristics rather than actual movement paths, and, in
some scenarios, bears might have traveled parallel to a

Ajournal of the Society for Conservation Biclogy

winding highway rather than crossing it. Nevertheless,
our approach provides a parsimonious way to estimate
semi-permeable barrier effects in an iSSF. We repre-
sented mines (annual variable) and towns (static vari-
able) in our models as either semi-permeable movement
barriers or binary footprint variables, which indicated
whether the location at the end of a step intersected the
mine footprint, and we used log-likelihood to determine
which variable type was best for each. We used static
semi-permeable movement barrier variables for alpine
areas that were either glaciated or predominantly rock and
for large (>2.5km?) lakes and reservoirs. See Appendix
1 in Data S1 for details on creation of human footprint,
distance decay, and semi-permeable barrier variables.

We also sought to quantify selection behavior in
response to forage, terrain ruggedness index (TRI; calcu-
lated using a 3 x 3 pixel window with an elevation raster;
Wilson et al., 2007), and canopy cover. We hypothesized
that grizzly bears would select areas with high vegetation
greenness, measured using raw annual values of either
enhanced vegetation index (EVI) or delta EVI (growing
season EVI—winter EVI), which would strongly correlate
with high-quality forage such as deciduous shrubs and
forbs. We compared log likelihoods of full models using
either EVI or delta EVI to determine which to use in final
models.

We hypothesized that bears would avoid the most
rugged terrain and generally select low to intermediate
canopy cover. To help distinguish between deciduous
shrubs and forbs versus deciduous trees, we interacted
greenness with canopy cover. In spring and summer
models, we also included an interaction between green-
ness and elevation to help capture intermediate-to-high-
elevation areas of high greenness such as avalanche paths
and alpine meadows. We predicted bears would more
strongly select these areas relative to low-elevation agri-
cultural areas because they often contain an abundance
of high-quality bear forage (Serrouya et al., 2011). We
assumed the first spring location for each bear-year was
near its den, and we included a “distance to spring start”
variable in all three seasonal models. We hypothesized
that most bears in our dataset exhibited range-resident
behavior and that the coefficient for “distance to spring
start” would be negative. We resampled all raster data to
180-m resolution for iSSFs and subsequent simulations
to balance spatial resolution with computation time. See
Table S2 for additional details on all habitat covariates
used in iSSFs.

2.4 | Integrated step-selection functions

We fitted point-based iSSFs in a generalized linear mixed
modeling (GLMM) framework using the R package
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“glmmTMB”, version 1.0.2.1 (Brooks et al., 2017; Muff
et al., 2020). iSSFs discretize animal movement paths into
individual steps and restrict the availability domain for
each step based on the animal's current location and their
typical movement behaviors. We extracted habitat covari-
ate values at the end of each step to characterize habitat
selection and at the start of each step for movement-
habitat interactions (Fieberg et al., 2021). We estimated
stratum-specific intercepts as random effects with a fixed
large variance in a conditional Poisson regression, follow-
ing Muff et al. (2020). We fitted a random slope at the
individual level for every covariate, except on generalized
functional response interaction terms (see below) and on
terms where their inclusion prevented model convergence.
Model coefficients for a main variable (e.g., greenness)
represented female selection and the corresponding inter-
action term including sex (e.g., greenness X sex) repre-
sented the difference in selection for a variable for males
compared to females. See Appendix 1 in Data S1 for more
details on iSSFs.

We visualized behavioral responses to habitat condi-
tions by plotting relative selection strength (Avgar
et al., 2017) predictions across the full range of values for
a covariate in the input dataset relative to its average
value in that season (i.e., 0 for centered and scaled con-
tinuous covariates). We held all other continuous covari-
ates constant at their average values (i.e., 0) and binary
variables at 0, so the relative selection strength for each
value of a covariate x; with a selection coefficient of f;

was exp(f;x1).

25 |
iSSFs

Generalized functional responses in

Exploratory plots of selection ratios calculated within
bins of several continuous variables (e.g., distances to
roads and highways) showed pronounced variation in
selection behavior across different portions of the study
area in both sexes (Figures S1 and S2). We attempted to
account for this broad-scale variation in grizzly bear
behavior in our models by fitting generalized functional
response terms, which are interactions between habitat
variables at the ends of steps and broader-scale
habitat availability (Matthiopoulos et al., 2011). Fitting
generalized functional response terms can improve a
model's ability to accurately predict responses across het-
erogeneous or novel environments while still capturing
local extremes in resource availability (Matthiopoulos
et al., 2011; Paton & Matthiopoulos, 2016). We estimated
the broad-scale availability of greenness, terrain rugged-
ness, and canopy cover by calculating the average pixel
value within a circular moving window of 315 km?
which roughly corresponded to the average seasonal

home range size of a female grizzly bear from past studies
in the area (Graham & Stenhouse, 2014; see Appendix
1 in Data S1 for details on generalized functional
response terms).

2.6 | iSSF model selection

For each season, we started with a full model structure
that included quadratic terms for canopy cover, TRI, and
elevation, predicting that bears would select for interme-
diate values of each of these variables. We also included
greenness, all types of human disturbance, and semi-
permeable barrier variables for rock/ice and water bodies.
However, we prioritized accurate spatial predictions over
consistency in model structure across seasons, and we
removed or retained model terms depending on model
performance (i.e., individual Spearman's rank correla-
tions) in the spatial cross-validation processes described
below.

2.7 | Mapping utilization distributions
using simulations from fitted iSSFs

We simulated movement paths from fitted iSSFs to pre-
dict seasonal population-level UDs across the entire study
area (Signer et al., 2017). We randomly sampled starting
locations for the spring UD simulation from the top 40%
of mapped predicted relative probabilities of use from a
second-order RSF. This process captured grizzly bears'
primary distribution within the mountains, foothills and
mountain valleys, and their broad-scale avoidance of
eastern prairies (see Appendix 1 in Data S1 for details on
determining starting locations for simulated trajectories).

We simulated a separate set of habitat coefficients for
each simulated bear with the “mvrnorm” function in Pro-
gram R using the full variance-covariance matrices of
our top models (Kerman & Gelman, 2007). This
accounted for individual variability (i.e., variation from
individual-level random slopes) in population-level habi-
tat selection responses and propagated model uncertainty
to our simulated movement paths (see Appendix 1 in
Data S1 for more details on simulations from fitted
iSSFs).

We simulated 1,500,000 paths with 4 locations per
day within our study area for 68 days in the spring,
61 days in the summer, and 47 days in the fall (median
season durations across all bear-years), equal to 1 year of
movement. Each seasonal simulation included an equal
number of paths (i.e., 750,000) for females and males. We
created seasonal UDs by tallying the total number of
locations that fell in each 180-m raster pixel. We then cal-
culated annual UDs by summing the three seasonal
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rasters and dividing each pixel's value by the total num-
ber of steps across all seasons. Finally, we created sex-
specific seasonal and annual UDs using the same process
but with simulated paths subsetted by sex.

2.8 | Validation of iSSFs

We evaluated the seasonal iSSFs using two different spatial
cross-validation procedures with individual blocking
(Roberts et al., 2017) that tested the ability of our models to
predict grizzly bear relative use in areas where we withheld
from model training (see Appendix 1 in Data S1 for details
on spatial cross validation). Both procedures split the study
area into six validation regions, which contained between
9% and 19% of the total locations within a season: Banff
National Park west, Banff National Park east, Kananaskis,
Elk Valley north, Elk Valley south, and Southeast
(Figures 1 and S3). We also assessed the capacity of our
UDs to predict relative use for external data by overlaying
GPS location data from 30 grizzly bears in the southern
portion of the study area (Elk Valley north: n = 5; Elk Val-
ley south: n=5; Southeast: n=20) on our final sex-
specific binned seasonal UDs, extracting UD bins for each
location by sex, and calculating Spearman’s rank correla-
tions of area-adjusted proportions across bins for each bear.

2.9 | Assessing scenarios of human
disturbance

We fit separate iSSFs to predict how current habitat selec-
tion and space use differed from a disturbance-free land-use
scenario and may change under a potential future scenario
with additional human disturbance. For the disturbance-free
scenario, we eliminated distance to road and highway vari-
ables, mine footprints, and semi-permeable barriers for
towns and highways from our simulations (see Appendix
1 in Data S1 for more details on creating disturbance scenar-
ios). For the additional disturbance scenario, we assumed all
currently proposed coal mines were constructed and towns
(>100 buildings/km?) extended their footprint outward by
500 m. This scenario is plausible in the next 25-50 years
given the expansion of mining and housing developments
in the study area over the last century, but it does not
include potential restoration of disturbed areas.

2.10 | Predicting changes in functional
connectivity

Under the additional disturbance scenario, the area in
and around southeast BC's Elk Valley would experience

Ajournal of the Society for Conservation Biclogy

the largest increase in human disturbance footprint in
the study area, including 228 km? of proposed coal mines
and 50 km® of expanded human settlement. We calcu-
lated a metric of movement success by counting the num-
ber of simulated paths that moved between locations
(nodes) within high-use habitat patches in this area
under each disturbance scenario (see Appendix 1 in
Data S1 for details on creating nodes within high-use
habitat patches across scenarios for calculating Merriam
connectivity). For each scenario, we counted the number
of simulated paths that traveled between any two nodes
(i.e., a successful movement) for all possible pairs of
nodes. Our predictions included both between- and
within-patch connectivity, both of which are important
for functional connectivity (Cavanaugh et al., 2014). Dis-
tances between nodes (range = 12-109 km) represented
grizzly bear movements within a home range up to move-
ments spanning roughly three (males) to six (females)
annual home ranges, based on average home range sizes
in the region (Graham & Stenhouse, 2014). Finally, we
calculated the percent change in movement success
between nodes from the disturbance-free scenario to cur-
rent conditions, and from current conditions to the addi-
tional disturbance scenario.

3 | RESULTS

31 | iSSFs

After resampling tracks to one location every ~6 h and
removing bear-seasons with <21 days of locations, our
final iSSF dataset included 69,414 GPS locations from
109 bears (Table 1). We did not include distance to roads
or highways in the fall model, when there was no clear
pattern in selection ratios across a range of distances
from these features in either sex (Figures S1 and S2).
Log likelihood supported using a footprint variable over
a crossing variable for mines and a crossing variable
over a footprint variable for towns in all top models. Use
of mine footprints in summer, lake crossings in all sea-
sons, and town crossings in spring and summer were
too rare on the landscape to fit random slopes. We only
retained generalized functional response terms with
broad-scale greenness, as they explained far more varia-
tion than interactions with broad-scale canopy cover
and TRI. See Table S3 for the covariate structure of final
seasonal iSSFs. We report fixed-effect model coefficients
and 95% confidence intervals or their ranges for selected
variables (see Table S4a-c and Figure S4a,b for addi-
tional coefficients, confidence intervals, and random
slope standard deviations from all three seasonal
models).
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TABLE 1
southern Canadian Rocky Mountains.

Summary of GPS locations used in the integrated step-selection functions for 109 grizzly bears from 2000 to 2020 in the

# of locations # of bears Mean + SD locations per bear Mean =+ SD days with location
Season Female Male Female Male Female Male Female Male
Spring 17,177 9137 52 43 330 + 238 212 +£153 93 + 63 62 + 42
Summer 15,066 6474 48 31 314 + 209 209 + 134 89 + 55 59 + 34
Fall 11,374 5552 50 27 227 + 155 206 + 96 66 + 43 57 + 27
3.1.1 | Cover, forage, and topography higher canopy cover during all seasons (Figure S6).

Male grizzly bears selected for lower elevations than
females in spring and fall (elevation x sex: Bspring [95%
CI] = —0.40 [-0.65-—0.15], Bgay = 0.50 [—0.87-—0.13])
and selected for flatter terrain than females in spring
(TRI_end x sex: § = —0.17 [—0.30-—0.04]; Figure S5).
Both sexes selected areas with high greenness (p range,
all seasons = 0.40-0.72) and low-to-intermediate terrain
ruggedness in all seasons, although relative selection for
greenness in both sexes was higher in spring and sum-
mer than in fall (Figure S5). Selection for high greenness
in both sexes increased at higher elevations in spring
and summer (greenness_end Xx elevation_end f
range = 0.22-0.31) and increased in open areas in the
summer and fall (greenness x canopy_cover_end f
range: —0.25-—0.04), although this selection was not
statistically significant for males in summer. Male and
female bears selected low to intermediate canopy cover
in all seasons (Figure S5).

3.1.2 | Movement

Nearly 89% (female = 96%, male = 74%) of all GPS loca-
tions in the final dataset used to fit iSSFs were < 20 km
from the first location in that bear-year, suggesting strong
range resident behavior, especially for females. We did
observe obvious exploratory forays (defined as >40 km
displacement) in 28 of 188 (15%) of Dbear-years
(female = 5%, male = 31%). Accordingly, the distance to
spring start variable was strongly negative for both sexes
in all three seasonal models (f range = —1.11-—0.58),
although male bears traveled farther from their spring
starting location in spring and summer than females.
Faster movements were more directional across all sea-
sons and both sexes, as indicated by positive coefficients
for the interaction between cosine turn angle and log step
length (p range = 0.08-0.17), and this relationship was
stronger in males than in females in summer and fall
(cosine turn x angle log step length x sex: Psummer = 0.06
[0.02-0.09], Brann = 0.06 [0.03-0.09]). Both sexes tended to
move slower in areas with more rugged terrain and

Females moved faster at higher elevations during sum-
mer, but slower at higher elevations during fall, while
elevation had little effect on male movement speed. Dur-
ing fall, male movement was more directional than that
of females (cosine turn angle x sex: § = 0.11 [0.04-0.19]).

3.1.3 |
footprint

Semi-permeable barriers and human

Females avoided crossing all types of semi-permeable
movement barriers more than males in all three seasons,
although the difference was only statistically significant
for town crossings during summer. Both sexes avoided
crossing highways (p range, all seasons = —1.11-—0.58)
and high elevation rocky or glaciated areas (§ range, all
seasons = —1.31-—0.51) during all three seasons,
although male avoidance of high elevation rocky or glaci-
ated areas was not significant in spring (Figure 3). An
exponential decay with a = 0.01 (avoidance attenuation
at ~300 m from the feature) provided the best fit for
“distance to highway” and “distance to road” variables.
The main effects of these variables were not statistically
significant on their own in any combination of season
and sex. However, the degree of selection or avoidance of
highways and roads in both spring and summer
depended on broad-scale variation in greenness (see
Generalized Functional Responses below; Figure 4). Both
sexes avoided mine footprints in all seasons except males
in the fall (f range = —1.54-0.19), but this avoidance was
only statistically significant for females in summer. This
lack of statistical significance was likely because mines
were relatively rare on the landscape and relatively few
bears encountered these features. In two cases (one
female in spring and one male in fall), bears were habitu-
ated to mining activity (Figure 3).

3.14 | Generalized functional responses

Responses to canopy cover, greenness, roads, highways,
and rock/ice barriers varied as a function of the broad-
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FIGURE 3
binary semi-permeable movement barriers (“crossing”) and human

Selection coefficients, shown by season and sex, for

footprint variables for grizzly bears from integrated step-selection
functions fitted to GPS location data from 109 bears from 2000 to
2020 in the southern Canadian Rocky Mountains. Transparent
points show individual-level coefficients (random slopes), while
points with black outlines and error bars intervals depict fixed-
effects coefficients and associated 95% confidence intervals (based
on fixed effects only). To calculate selection strength for males
(sex = 1), we summed variable coefficients from females (sex = 0)
with those from corresponding variable x sex interaction terms.
Points denoted with + indicate variables without random slopes.

scale greenness in an area (Figure 4). In spring and sum-
mer, lower broad-scale greenness consistently increased
the relative selection for areas near roads in both sexes
(d_road_end x greenness_broad_end [ range = 0.09-
0.15) and increased selection for areas near highways
for females (d_hwy_end x greenness_broad_end:
Bspring = 0.09 [0.03-0.15], Bsummer = 0.09 [0.03-0.16]).
Lower broad-scale greenness was also associated with
selection of lower canopy cover during summer and fall
in both sexes (canopy_cover_end x greenness_broad_end:
 range = 0.10-0.44) and with a selection of higher green-
ness in fall, although the male response in fall was not sig-
nificant  (greenness_end X greenness_broad_end:
Bremate = —0.13  [—0.22-—0.04], Pmae = —0.12 [—0.25-
0.01]; Figure 4). In spring and summer, bears were more
likely to move across high elevation rock and ice in areas
with lower broad-scale greenness (Figure S4a).

Ajournal of the Society for Conservation Biology

3.2 | Simulated utilization distributions
from iSSFs

The annual UD under current conditions showed areas
of high predicted use mostly occurred in mountain val-
leys in the northern portion of the study area, which
included large expanses of high-elevation rock and ice
(Figure 5). Predicted use was more evenly distributed
across elevations in southern areas. However, males were
predicted to use lower elevations than females in all sea-
sons throughout the study area (Figures S7, S8). We cal-
culated the areas within 50% and 95% volume contours of
simulated UDs by sex as we increased the number
of paths simulated and found that these areas remained
relatively stable above ~500,000 paths for both sexes
(Figure S9). We also found that the relative percent
change in pixel values of a seasonal UD (pooled sexes)
approached zero as the simulation duration increased
(e.g., 10 days to 68 days for spring; Figure S10). Across
seasons, an average of 0.9% (range = 0.3%-1.6%) of steps
for females and 2.1% (range = 0.5%-3.7%) for males in
each seasonal simulation were not realized because simu-
lated movement paths reached the study area boundary.

Simulated and real step lengths were similar across
seasons and sexes (Figure S11), but simulated move-
ments showed fewer instances of “turning around” (turn
angles in radians near = and — =) across all seasons and
both sexes (Figure S12). Simulated movements also
showed less directional persistence than real move-
ments for females in all seasons, but more slightly more
directional persistence than real movements for males
in spring and summer. Mapping a random subset of
simulated paths showed that they captured similar gen-
eral patterns of use and avoidance as real GPS paths
(e.g., avoidance of high-elevation rock and glaciers), but
also that their movements were much less linear in val-
ley bottoms (Figure S13). Simulating movements on a
potential future landscape surrounding BC's Elk Valley
with human disturbance footprints resulted in corre-
spondingly larger areas that were avoided by bears,
while the percent change in relative probability of use
from a human disturbance-free landscape to current
conditions highlighted the degree to which roads and
highways impeded movements throughout the area
(Figure 5).

3.3 | Predicted changes in functional
connectivity

Predicted connectivity within and between habitat
patches declined throughout much of the Elk Valley, BC
area from a scenario free of human disturbance to
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FIGURE 4 Predicted relative selection strength of grizzly bears, shown by season, across a range of habitat covariates as a function of
broad-scale greenness. Broad-scale greenness is the average greenness (enhanced vegetation index) value in a circular 315-km?® moving
window and was used as a proxy for broad-scale forage availability. Predictions are from integrated step-selection functions fitted to GPS
location data from 109 bears from 2000 to 2020 in the southern Canadian Rocky Mountains. Variable ranges on the x-axis include the
middle 95% of values available to bears (excluding values below and above the 2.5% and 97.5% quantiles, respectively). Low and high values
of broad-scale greenness used in the plot were 0.20 and 0.45, respectively. Selection strength for a covariate is relative to its average value
(from the model input data) during that season, represented by the dotted line at y = 1. Shaded regions indicate 95% confidence intervals
based on fixed effects only. Certain covariates do not appear in all top seasonal models. Remaining covariates in the models were held

constant at their average values for making predictions.

current conditions (Figure 6). Eighty percent of edges
connecting nodes showed declines in predicted connec-
tivity across both sexes (females = 82%, males = 76%),
with a mean (+ SD) difference of —10.5% + 12.8% across
sexes (females = —10.9% + 13.3%, males = —9.4%
+12.7%) including declines for all connections that
spanned highways. Predicted connectivity declined for
73% of edges (females = 73%, males = 66%) from current
conditions to an additional disturbance scenario with
larger town footprints and proposed coal mines, although
the magnitude of losses (mean difference = —4.4%

+ 8.6%; females = —5.1% + 8.87%, males = —4.2%
+ 9.3%) was generally lower than the changes from a
disturbance-free landscape to current conditions. The
largest predicted declines from current conditions to the
additional disturbance scenario occurred in the northern
end of the valley near the town of Elkford (Figure 6). We
predicted slight increases in functional connectivity to
some habitat patches to the east and southeast under the
additional disturbance scenario, possibly reflecting simu-
lated bears that circumvented the entire area containing
additional disturbance footprints.
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FIGURE 5 Predicted annual utilization distribution for grizzly bears under current conditions (both sexes pooled) for the entire study extent
(a), estimated as the sum of three seasonal utilization distributions (spring, summer, and fall), and the relative percent change in predicted
probabilities of use between a disturbance-free scenario and current conditions, and between current conditions and a scenario with additional
human disturbance (b), in a subset of the study area outlined in red in (a). Annual utilization distributions were simulated from integrated step-
selection functions fitted to GPS location data from 109 grizzly bears from 2000 to 2020 in the southern Canadian Rocky Mountains. We calculated
the 99% quantile of raw mapped predictions in the utilization distributions and set all higher pixel values to this value to ease visual interpretation
in (a). Similarly, we calculated the 1% and 99% quantiles of relative percent change and set all pixel values lower, and higher, respectively, to these
values in (b). Depicted relative probabilities of use in (a) are raw pixel values rescaled to be between 0 and 1.

binned seasonal UDs at used locations for each of the six
3.4 | Validation of iSSFs validation regions were 0.85-0.97 in spring females, 0.70-
0.94 in spring males, 0.89-0.98 in summer females, 0.33-
Ranges of mean Spearman'’s rank correlation values (S,) 0.95 in summer males, 0.50-0.94 in fall females, and
across individuals using pixel values extracted from the 0.66-0.92 in fall males (Figure S14; see Figure S15 for
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FIGURE 6 Predicted percent change in connectivity for grizzly bears (both sexes pooled) from a disturbance-free scenario to current
conditions (left panel), and current conditions to a scenario with additional coal mines and expanded town footprints (right panel) in the Elk
Valley, British Columbia. Nodes were sampled from the top 30% of pixel values in all three of the disturbance-free scenario, current
conditions, and additional disturbance scenario annual utilization distributions, which were simulated from integrated step-selection
functions fitted to GPS location data from 109 grizzly bears from 2000 to 2020 in the southern Canadian Rocky Mountains. Relative
connectivity was defined as the relative number of simulated trajectories that successfully traveled between a pair of nodes in the start period
for each panel. Relative node use was defined as the relative number of successful simulated trajectories whose locations fell within the
intersection of a 1 km radius around the node and the habitat patch containing that node at the start period for each panel. Percent change
was estimated by counting the number of simulated trajectories that successfully traveled between a pair of nodes in the start (ng,;) and end

(nena) periods and calculating (1 — Nena/Ngtart) X 100. We calculated the 1% and 99% quantiles of percent change and set all pixel values

lower and higher, respectively, to these values to ease visual interpretation.

binned annual UDs). Mean S, values were >0.70 in 14 of
18 season-region-sex combinations, with exceptions for
both sexes in the Southeast region during fall, and
for males in the Kananaskis and Southeast regions dur-
ing summer. For each region, UHC plots depicted the
degree to which models fitted using training data from
all other regions predicted used habitats accurately
(Figures S16a—c, S17). The models generally predicted
used distributions of covariates well, with some excep-
tions. The spring model struggled to predict used distri-
butions of terrain ruggedness in Elk Valley north and
south, overestimated use of low elevation areas in Elk
Valley north, and did not accurately predict the used
distribution of greenness in the Southeast. In both sum-
mer and fall, there were mismatches in the predicted
versus observed distributions for used locations for can-
opy cover in Banff National Park east, Elk Valley south,
and Kananaskis. The fall model failed to accurately pre-
dict the used distribution for lower elevations in Banff
National Park west and in higher elevations in both Elk
Valley regions and Kananaskis (Figure S16c). The spring

and summer models underestimated highway crossings
in Banff National Park east and Kananaskis, and under-
estimated rock/ice crossings in Banff National Park west
(Figure S17). The external validation of seasonal UDs
using GPS locations from the southern portion of the study
area showed better predictive performance in the spring
(St femate = 0.82 + 0.20 [SD]; S; mate = 0.90 + 0.09) and
summer (S; female = 0.84 + 0.25; S. mae = 0.79 + 0.28)
than in the fall (S; female = 0.72 + 0.23; Figure S18).

4 | DISCUSSION

We simulated individual movements from fitted iSSFs to
predict habitat selection and functional connectivity for
grizzly bears across a large swath of the southern Cana-
dian Rocky Mountains and adjacent areas under three
scenarios of human disturbance. Comparing movement
success between and within habitat patches from simula-
tions across these scenarios highlighted declining func-
tional connectivity in an important movement corridor

35UB0 17 SUOWIWIOD dAIRER.D a|ceat|dde ay) Ag peusenob ae sajoNte YO ‘8sn JO SaINJ 10} ARiq i auluO AS|IAA UO (SUOTIPUOD-PpUe-SWLB)/0D AB 1M Alelq 1l |uo//:sdny) SuonIpuoD pue swe | au) 88S *[9202/S0/0z] uo ArelgiauliuQ AB1M ‘8800, 2dso/TTTT OT/I0p/w0d’ A3 1m Aelq Ul juo-oiquody//:sdny wody papeoumod ‘g ‘S20Z ‘7588252



PALM ET AL.

Conservation Science and Practicea‘ —Wl L EY 13 of 18

with high bear densities and frequent human-bear con-
flicts. Our mixed-effects iSSFs allowed us to simulta-
neously estimate animal movement across a large,
regional population and habitat selection responses while
explicitly accounting for individual-level variation in
these responses (Avgar et al., 2016; Mulff et al., 2020). By
simulating individual movements directly from fitted
iSSFs, we predicted grizzly bear space use and connectiv-
ity that resulted from a realistic movement process.

We observed considerable variation in grizzly bear
behavioral responses to varying conditions throughout
our study area. For example, generalized functional
responses showed that bears avoided areas near highways
and roads when they had an abundance of productive
vegetation within their home range, but bears whose
home ranges had lower vegetation productivity strongly
selected areas closer to highways and roads. The
increased selection for roadsides in low productivity areas
was typified by the highly protected Alberta park bears
(those in the BNPW, BNPE, and KAN validation regions),
where the open forest canopy along roadsides provided
attractive foods such as grasses and forbs during the
spring and summer and berries such as buffaloberry
(Shepherdia canadensis) along forest edges during the
summer and fall. Roadsides and nearby riparian areas
were especially attractive relative to the dry pine stands
and expanses of rock and ice that largely composed these
landscapes. Outside of protected areas, increased use of
roadsides by bears struggling to meet nutritional
demands could represent an ecological trap where attrac-
tive roadside forage exposes bears to higher rates of colli-
sions and conflicts with people (Lamb et al., 2017;
Nielsen et al., 2004). These results suggest that effective
conservation actions for grizzly bears in lower productiv-
ity areas may be different from those elsewhere. For
example, in low-productivity areas where bears
frequently use roadsides, early detection systems or per-
sonnel in vehicles with flashing lights—a practice that is
common in some protected areas—could alert motorists
and potentially reduce collision risk. Alternatively, habi-
tat restoration in areas away from human infrastructure
should attract bears while decreasing their exposure to
risk. If grizzly bear movements and behaviors within
home ranges reflect those during longer-distance move-
ments, these targeted actions could also increase broader
scale connectivity across the region.

Grizzly bears avoided crossing most human-
associated features across the study area. Both male and
female grizzly bears consistently avoided crossing high-
ways in all seasons and regions, including regions such
as Banff National Park West and Kananaskis, where they
selected areas near roads. Comparisons of predicted space
use and movement success from a disturbance-free

Ajournal of the Society for Conservation Biclogy

landscape to current conditions highlighted the degree to
which highways have impeded grizzly bear movements.
Bears also strongly avoided moving across high-elevation
rocky terrain, glaciers, and towns in all seasons. A por-
tion of semi-permeable barrier crossings in our dataset
were likely false positives due to our relocation interval
of 6 h that may not have captured animals traversing
around the feature despite the straight-line path between
successive points intersecting these features. Therefore,
we may have underestimated their avoidance of crossing
some of these features. Semi-permeable barriers collec-
tively constrained grizzly bear movements to relatively
narrow corridors in some areas, such as the Elk and Bow
River valleys. For example, Koocanusa Reservoir bisects
50 km of the Canadian Rocky Mountain Trench and pre-
sented a barrier that no collared grizzly bears crossed.
Other large reservoirs are found throughout the grizzly
bear range of British Columbia, and although bears may
occasionally swim across, our analysis suggests these fea-
tures create a barrier to movement. Avoidance of towns
and mines was partially captured by the positive green-
ness coefficients, which likely contributed to the lack of
statistical significance for the mine coefficients in spring
and fall. Some bears used lower elevation areas in the
spring (e.g., Bow River Valley) and fall (e.g., Elk Valley)
compared to the summer months (Figure S8), likely in
response to a combination of snowpack and forage avail-
ability (McLellan & Hovey, 2001a). Some valley bottoms
are particularly attractive to bears in the fall during their
fall hyperphagia period due to hunter-killed ungulate car-
casses, native fruiting shrubs, residential fruit trees, and
small-scale livestock producers (Lamb et al., 2017, 2023).
The presence of residential attractants in towns may help
explain the weak avoidance of town crossings by both
sexes in the fall, increasing the risk of conflicts with
humans during this period.

Any predictions of animal space use across a large
area, and those in areas beyond the spatial extent of
model input data, should always be interpreted with cau-
tion (Beyer et al., 2010), perhaps especially for a highly-
mobile omnivore. Grizzly bears in this region are known
to exhibit considerable dietary plasticity to help meet
their high energetic requirements (McLellan &
Hovey, 1995; Roberts et al., 2014) sometimes relying on
locally abundant foods, such as fish (Mowat et al., 2013)
or whitebark pine (Pinus albicaulis) seeds (Hamer, 2021),
that are not captured by remotely-sensed GIS layers such
as those used in our models. Therefore, our predictions
may underestimate the relative use of certain areas that
are important for grizzly bears. Despite many potential
pitfalls of simulating space use for a wide-ranging gener-
alist species, our UDs generally performed well in rigor-
ous spatial cross-validation and external validation
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(Figures S14, S16a-c, S17, S18), and they should be valu-
able for informing large-scale conservation planning.
These validation procedures helped identify strengths
and weaknesses in our iSSFs. For example, UHC plots
supported the use of a quadratic term for canopy cover,
as canopy cover distributions for both used locations and
model predictions showed higher densities at intermedi-
ate values than the distribution for available locations
(Figure S16a-c). On the other hand, UHC plots showed
our models did not accurately predict the relatively high
highway crossing rates in portions of Banff National Park
and the Kananaskis region (Figure S17). Explicitly
modeling the effects of highway crossing structures and
the lack of hunting in parks might have better captured
this behavior. The UD-based validation underestimated
the predictive capacity of our models in some areas
because we simulated UDs using annual layers from a
single year (i.e., 2020) rather than simulating separate
UDs for all 21 years in our study period and matching
location years to simulation years in the validation. How-
ever, most combinations of season, region, and sex with
poor UD-based validation (i.e., Kananaskis males) had
very low sample sizes and a high proportion of bears
exhibiting exploratory forays into the eastern prairies.

Our models did not account for all factors that con-
tribute to movement and habitat selection for grizzly
bears, and some variables were likely indirect proxies for
habitat attributes to which bears were functionally
responding. We did not explicitly incorporate mortality
risk from humans, so some instances where we predicted
high relative use near human disturbances may be exam-
ples of maladaptive habitat selection (Lamb et al., 2023;
Northrup, Stenhouse, & Boyce, 2012). Further, we did
not explicitly account for factors such as competition,
mortality risk from conspecifics (Mattson et al., 1987),
human attractants (Wilson et al., 2005), human recrea-
tion (Ladle et al., 2019), and habituation to humans
(Herrero et al., 2005), all of which may lead to increased
use of suboptimal areas (e.g., those with low greenness
and in close proximity to humans). By fitting random
slopes in our iSSFs and propagating uncertainty into sim-
ulations, we may have implicitly modeled some habitua-
tion to humans, such as a strong selection for mines in a
small subset of bears (Figure 3). Similarly, accounting for
sex in our models led to differences in predicted space
use by sex, potentially capturing some behaviors associ-
ated with conspecific mortality risk (e.g., females with
cubs avoiding areas frequently used by adult males).

Our simulated UDs largely represented within-
home-range movements necessary to carry out daily
requirements (Riordan-Short et al., 2023) rather than
long-distance dispersal, which is rarely captured in ani-
mal movement data. However, given that grizzly bear dis-
persal in our study area primarily occurs in gradual range

shifts or expansions over a period of months to years
(McLellan & Hovey, 2001b; Proctor et al., 2004), some
areas of high predicted use in our UDs may overlap with
dispersal corridors. We suggest that future efforts explore
differences in space use and functional connectivity by
age class, as younger animals often inhabit riskier areas.
Further, linking connectivity to demography could high-
light areas with additional connectivity losses due to high
mortality risk that are not fully captured by movement
data alone (Vasudev et al., 2023).

Expansion of human settlements and resource extrac-
tion projects into grizzly bear movement corridors and
foraging areas creates challenges for people, wildlife
managers, and conservation efforts. We focused our
assessment of changing space use and functional connec-
tivity for grizzly bears on BC's Elk Valley and the adja-
cent eastern slopes of the Rocky Mountains in Alberta.
This area has existing and proposed mining of rich metal-
lurgical coal deposits, along with dispersed human settle-
ments that also rely on agriculture, forestry, and
recreation tourism. The area is situated where the Rocky
Mountains narrow to less than 70 km, and may serve as
an important north-south corridor facilitating broad-
scale genetic connectivity in grizzly bears (Palm
et al., 2023). Our simulations suggest that the combined
effects of new coal mines and expanded human settle-
ments would lead to further declines in local functional
connectivity of grizzly bears along the length of the Elk
Valley, moving some bears toward the east side of the
continental divide in Alberta to an area with less produc-
tive habitat. Given the magnitude of existing connectivity
declines predicted by our simulations, land managers
need to consider that connectivity losses in this area
could eventually limit the movements of bears from adja-
cent undisturbed areas that currently help avert local
extirpations (Lamb et al., 2020).

Existing grizzly bear connectivity in the southern
Canadian Rocky Mountains demographically supports
populations, including some in the USA, that would rap-
idly decline without it (Lamb et al., 2023, Northrup, Sten-
house, & Boyce, 2012). Areas where bears and extensive
human development (towns, transportation corridors,
and agriculture) overlap can act as sink habitats where
bears are not able to reproduce fast enough to offset high
mortality (Nielsen et al., 2006). Consistent with past stud-
ies, our results suggest that bears are at higher risk of
conflict with humans during fall, when they are more
likely to visit residential areas to access high-calorie
human foods prior to denning (Lamb et al., 2017). Con-
nectivity in this region currently allows for grizzly bear
population persistence in these areas through both
within-home-range movement and immigration from
adjacent areas (Lamb et al., 2023). This source-sink
dynamic and demographic rescue has been observed
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widely across our study area (Braid & Nielsen, 2015;
Lamb et al., 2020; Nielsen et al., 2004; Northrup, Sten-
house, & Boyce, 2012). If future human-caused habitat
alteration impedes functional connectivity to the point
that dispersing animals can no longer offset in situ demo-
graphic losses, grizzly bear populations in these sink
areas will decline. Grizzly bears are a wide-ranging iconic
species (Steenweg et al., 2023; Tardiff & Stanford, 1998),
and mitigating human disturbances that impede their
movements should also improve connectivity for other
wildlife species such as black bears (Ursus americanus),
elk (Cervus canadensis), and wolverines (Gulo gulo). Con-
servation groups, resource companies, and municipalities
can use our spatial predictions to optimize land parcel
selection, inform strategic planning, protect existing
movement corridors, and avoid degradation of areas
where future connectivity is predicted to increase. Restor-
ing degraded land or increasing landscape permeability
using a combination of highway crossing structures and
wildlife exclusion fencing could help reduce potential
negative effects of future development on regional wild-
life connectivity (Clevenger & Ford, 2010; Sawaya
et al., 2014). Reducing grizzly bear mortality in valley bot-
toms through management of human attractants and
coexistence programs would benefit bears and people by
decreasing conflict and increasing safety (Proctor
et al., 2018). Ensuring sufficient, connected valley-bottom
habitat and enabling safe movement across highways,
around towns, and around future developments is essen-
tial to alleviating the long-standing demographic and
genetic fragmentation challenges facing grizzly bears in
the southern portion of their range (Proctor et al., 2012).
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