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ABSTRACT Understanding wildlife distribution and habitat use is needed for effectively balancing resource
development, wildlife conservation, and Alaska Native subsistence on the North Slope of Alaska, USA. This
region includes the National Petroleum Reserve-Alaska (NPR-A), a 96,000-km2 remote area of largely
undeveloped lands that is important for wildlife, including caribou (Rangifer tarandus), wolves (Canis lupus),
and wolverines (Gulo gulo). We focused our study on spring distribution and occupancy of wolverines in the
NPR-A because a baseline distribution estimate is required to understand current distribution and track
changes over time. We conducted aerial surveys of wolverine tracks in snow during March and April of 2014
and 2015, surveying over 84,400 km2 using 100-km2 hexagonal sampling units. We used hierarchical
Bayesian occupancy modeling to determine wolverine distribution and estimate probability of occupancy
within each hexagon, relative to measured covariates with potential to affect either detection or occupancy.
Probability of wolverine occupancy increased as well-drained soils increased, suggesting that wolverines
prefer drier areas or habitat features associated with well-drained soils. In addition, as standard deviation of
elevation increased, wolverine occupancy also increased, indicating that wolverines may prefer areas with
more rugged and variable terrain. Mean elevation was not retained as a covariate in the best-fitting model,
supporting the importance of terrain ruggedness rather than elevation on wolverine distribution within the
NPR-A. Spatially, areas of highest wolverine occupancy occurred within the southern and northeastern
portions of the study area, with lowest occupancy in the northern portion of the study area west of Teshekpuk
Lake. Based on the spatial pattern of wolverine probability of occupancy, we proposed 4 potential wolverine
management zones with varying priorities for monitoring and managing wolverine populations.� 2018 The
Wildlife Society.

KEY WORDS aerial survey, Alaska, distribution, Gulo gulo, National Petroleum Reserve-Alaska, occupancy
modeling, tundra, wolverine.

The wolverine (Gulo gulo) is the largest terrestrial member of
the mustelid family, occurring in naturally low densities
across its circumpolar distribution in tundra, taiga, and boreal
forest regions of North America and Eurasia (Kyle and
Strobeck 2001, Golden et al. 2007a). Their low reproductive
rate and large space requirements make wolverine popula-
tions vulnerable to increased mortality or loss of habitat. In
western Canada, wolverines are listed as a species of special
concern (Committee on the Status of Endangered Wildlife
in Canada 2014) and the species is currently being considered
for a threatened listing under the United States’ Endangered
Species Act (Magoun et al. 2017).

Information about factors affecting fine-scale, local
distribution and habitat occupancy of wolverines is required
to plan management and conservation initiatives, but little is
known about wolverines in tundra regions, including the
remote coastal plain north of the Brooks Mountain Range in
northern Alaska, USA (i.e., North Slope). Magoun (1985,
1987) provided the only published studies of wolverine
ecology in the area to date. TheNational PetroleumReserve-
Alaska (NPR-A) is a contiguous 96,000-km2 tundra region
on the North Slope (Fig. 1) that is important for wildlife,
local subsistence activities, regional economies, and national
energy security. In NPR-A there are 3 key factors with
potential to influence wolverine populations: climate change,
industrial development, and hunting and trapping. Alaska’s
climate is warming at twice the rate as the rest of North
America and greater increases in warming in the north-
ernmost parts of the state (Chapin et al. 2014) are bringing a
suite of ecological changes that may affect wolverines (Tape
et al. 2006, Wheeler and Hik 2013, Tape et al. 2016,
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Magoun et al. 2017). Additionally, plans for oil, gas, mining,
and road development means potential for increasing
infrastructure in NPR-A (U.S. Bureau of LandManagement
[BLM] 2017). Gardner et al. (2010) reported that wolverines
in interior Alaska had lower occupancy nearer to human
infrastructure, so increasing development in regions of NPR-
A may affect wolverine distribution and occupancy
probability in those areas. Lastly, wolverines are a key
component of local subsistence activities on the North Slope
where wolverine fur is important, among other things, as
trim on winter parkas (Braund 2010). Subsistence users in
NPR-A traditionally trap and hunt wolverines during winter
and early spring. During our study, trapping season officially
ended on 15 April and hunting season ended 30 April
(Alaska Department of Fish and Game [ADFG] 2014a, b;
2015a, b); trapping and ground-shooting are methods of take
for wolverines hunted under a trapping license. Hereafter, we
collectively refer to subsistence users in NPR-A that hunt or
trap wolverines as wolverine hunters.
Wolverine management decisions in Alaska rely primarily

on ADFG hunting data (Golden et al. 2007b), particularly in
remote regions of the state. However, although ADFG
requires that all wolverine pelts be sealed with a locking tag
and entered in the hunting records, pelts used locally on the
North Slope often go unreported. Deriving population
estimates for wolverines using methods such as mark-
recapture and density estimation (Golden et al. 2007a, Royle
et al. 2011) is impractical across the vast North Slope.
Alternatively, data on the detection or non-detection of
wolverines across large areas are easier and less costly to

collect than abundance information (Magoun et al. 2007,
Gardner et al. 2010) and when combined with environmen-
tal variables, these data can be used in an occupancy modeling
framework to estimate a species’ probability of occupancy
with respect to habitat features hypothesized to be important
to the species (e.g., land cover or land use types, elevation and
terrain ruggedness, presence of other species; MacKenzie
et al. 2006).
Occupancy modeling approaches such as hierarchical

Bayesian occupancy modeling (Johnson et al. 2013)
explicitly consider imperfect detection of a species, a
common confounding factor in wildlife surveys. The
method also exploits spatial autocorrelation in observa-
tions and habitat variables to extrapolate occupancy at
locations that are not sampled based on habitat character-
istics and occupancy status of neighboring locations
(Johnson et al. 2013). Hierarchical Bayesian occupancy
modeling, therefore, is useful for deriving broad-scale
habitat distribution models for species that are widespread
but occur at low densities (Magoun et al. 2007, Poley et al.
2014).
We used data on the detection and non-detection of

wolverine tracks observed during spring aerial surveys
covering 84,400 km2 of Alaska’s North Slope to derive a
model of wolverine distribution and occupancy probability
relative to 4 remotely sensed habitat variables. Magoun
(1987) previously determined that arctic ground squirrels
were an important summer food for provisioning wolverine
kits in the southwestern NPR-A. As a subterranean
hibernator, arctic ground squirrels require dry soils to

Figure 1. Overview of the North Slope study area, Alaska, USA, for wolverine occupancy analysis based on aerial surveys conducted during April 2014 and
March–April 2015, showing villages and boundaries of the National Petroleum Reserve-Alaska (NPR-A), the North Slope Borough, Alaska Department of
Fish and Game Management Unit, and the Bureau of Land Management’s (BLM’s) National Petroleum Reserve’s Special Areas. Elevation is shown to
emphasize the North Slope lowlands and the increase in elevation in the south as land rises into the Brooks Range.
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construct their hibernacula (Barker and Derocher 2010,
Wheeler and Hik 2013), and dry soils supported shrub
communities that also provided cover and food for other
known prey species such as ptarmigan and snowshoe hares,
whereas poorly drained soils lacked abundant shrubs.
Wolverines have also been found to select for higher
elevations and rugged, complex terrain (Krebs et al. 2007).
Therefore, we predicted that wolverine occupancy would be
positively related to increased proportions of well-drained
soils, increased mean elevation, and increased terrain
ruggedness, and negatively related to increases in poorly
drained soils. We derived potential management or
monitoring zones based on differing degrees of probability
of occupancy.

STUDY AREA

The study area comprised 80,400 km2 of NPR-A and
4,000 km2 south of the NPR-A within the North Slope
Borough in northwestern Alaska (Fig. 1). The northern
portion of the study area had consistently lower and less
variable elevation than in the south (Fig. 1). Elevation across
the study area rises from sea level along the northern coast to
>700m above sea level in the south as the land grades
towards the foothills of the Brooks Range (Raynolds et al.
2006). Land cover in the northern portion of the study area
was wetter (Fig. 2A) and dominated by wet sedges and wet
sedges mixed with sphagnum (classified when cover of either
or both sedge and sphagnum is >25%; Raynolds et al. 2006,

Figure 2. (a) Detailed view of the North Slope, Alaska, USA, study area for wolverine occupancy analysis based on aerial surveys conducted during April 2014
and March-April 2015, showing points of interest including human communities (marked with a star), the Chipp 10 cabin (marked with a triangle),
waterbodies, and the boundary of the National PetroleumReserve-Alaska (NPR-A). (b) Vegetation communities within the study area, from the Alaska Arctic
Tundra Vegetation map (Raynolds et al. 2006).
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North Slope Science Initiative 2013). In the southern part of
the study area, the terrain was drier and the major land cover
types in the area were tussock shrub tundra (classified as areas
with >25% cover of shrubs <20 cm tall and tussocks with
>35% cover) and mesic sedge-dwarf shrub tundra (>25%
cover of shrubs�20 cm tall and>25% sedge cover; Raynolds
et al. 2006, North Slope Science Initiative 2013; Fig. 2B).
Potential food species for wolverines in the NPR-A included
moose (Alces alces), caribou, snowshoe hare (Lepus ameri-
canus), hoary marmot (Marmota caligata), arctic ground
squirrel (Urocitellus parryii), microtine rodents (Subfamily
Microtinae), and ptarmigan (Lagopus spp.). Other predators
or scavengers of these prey species included grizzly bear
(Ursus arctos), wolf, and arctic (Vulpes lagopus) and red fox
(Vulpes vulpes).
The overall climate of the North Slope was polar with

average temperatures exceeding the freezing point only
during June, July, and August, resulting in snow on the
tundra for about 9 months of the year (Wendler et al. 2010).
The region had extremely cold winters, with mean temper-
atures<�218C, and cold summers, with mean temperatures
between 18 and 118C (Kittel et al. 2011). Mean precipitation
was highest between July and December, 30–50mm of
precipitation/month, and lower between January and June,
10–25mm/month (Kittel et al. 2011). Annual snowfall was
0.3–1.2m, with increased snowfall on the southern portions
of the study area in the foothills of the Brooks Range
(Wendler et al. 2010). Despite relatively low snowfall,
frequent strong winds deposited snow in drifts along
ridgelines, drainages, and lakeshores (Magoun et al. 2017).
The largest human settlement in the NPR-A was

Utqiaġvik (formerly Barrow) in the north, with a year-
round population of nearly 5,000 (State of Alaska 2015). The
small village of Atqasuk with 248 residents was the only
community within the study area, but residents of Nuiqsut
(population: 449), Wainwright (population: 550), and Point
Lay (population: 242) also commonly used the study area.
Over 200 subsistence cabins, which were used seasonally for
hunting, fishing, and trapping, occurred across the study area
with the majority in the northern portion. The limited
infrastructure at Umiat had no permanent inhabitants but
periodically provided a staging area for seasonal activities by
the oil industry, BLM, ADFG, and other government
agencies. Umiat had a 1,700-m public runway and �1
hunting guide operated out of this site in some years during
July, August, and September. The NPR-A region was
administered by BLM, including 3 BLM Special Areas
within our study area that were largely protected from
development (Fig. 1).

METHODS

Aerial Surveys
In April 2014 and March and April 2015, we used 2 PA-18
Super Cub fixed-wing aircraft (Piper Aircraft Corporation,
LockHaven, PA, USA) equipped with wheel-skis, each with
a survey team comprised of an experienced tracking pilot and
an experienced observer, to search for wolverine tracks in the

study area (Golden et al. 2007a, Magoun et al. 2007,
Gardner et al. 2010). Airstrips used for the surveys included
Utqiaġvik, Atqasuk, and Umiat (Fig. 1). Both the pilot and
observer could see from both sides of the aircraft, and the
aircraft was highly maneuverable with a tight turning radius
and slow stall speed. During surveys, groundspeed was 110–
140 km/hour and altitude was approximately 100m above
ground level but varied between 100m and 200m depending
on conditions and terrain. We flew on days with sunny or
bright overcast skies when wind conditions were favorable
for circling over tracks and safely maneuvering the aircraft at
a low altitude. After snowstorms that deposited >3 cm of
fresh snow or after windstorms with average wind gusts of
>50 km/hour, we waited �24 hour before flying survey
routes. We had no upper limit for number of days after a
fresh snowfall for conducting survey flights. We considered
all detected wolverine tracks as evidence of occurrence
regardless of track age or condition. We used track visibility
of more numerous species such as fox and ptarmigan to help
gauge whether tracking conditions were suitable for
detecting wolverine tracks.
We divided the study area into a tessellation of 100-km2

hexagons (Koen et al. 2008). The hexagon design allowed for
6 neighboring hexagons of equal distance from the sampled
unit, with boundaries of equal length. A flight route entered
1 side of a hexagon, passed through the center, exited another
side (not necessarily the opposite side), and then entered the
next hexagon on a heading toward the center of that unit.
Because of the hexagonal shape of the sampling units, 6
compass headings could be used when establishing flight
routes. Whenever possible, we aligned routes along a long
line of sampling units to avoid having to frequently adjust
headings during the survey. The distance across a hexagon
was about 11 km, but pilots used a sinuous flight path to
maneuver the aircraft over areas with good tracking
conditions. We sometimes deviated up to 2 km from the
centerline to follow drainages with softer snow and to avoid
windblown ridge tops. If we could not complete the entire
route because of deteriorating tracking conditions, we noted
the global positioning system (GPS) location where the
flight ended and used it to determine the last sampled unit for
that route.
We designed the surveys to provide a comprehensive

coverage of the study area while repeating enough sampling
units to provide information on detectability of wolverine
tracks (MacKenzie et al. 2002). In 2014 we based surveys
flights out of Utqiaġvik, Atqasuk, and Umiat. In 2015 we
based only out of Umiat. We determined potential flight
routes before beginning the survey, distributing them within
the study area based on the fuel range of the aircraft.Weather
conditions, location, and availability of aircraft fuel also
dictated which routes we could survey on any day. On each
survey day, we chose adjacent survey routes for the 2 survey
crews, to stay in radio contact and to have each crew flying
under similar conditions on that day. We chose survey routes
for each survey day in a different section of the study area as
much as possible to distribute effort across space and time. In
that way, regions of the study area with different levels of
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wolverine abundance were likely to be surveyed under the
same variable conditions, thereby breaking any correlation
with sources of variation in detection probability (MacK-
enzie and Royle 2005). Because there were 2 survey crews, we
designed the survey routes so that each crew had an
opportunity to survey hexagons that were flown on >1
occasion. We designed the survey routes so that a team
avoided flying a hexagon that it had already surveyed on the
same day.
During the flights, we recorded on the aircraft GPS the

location of tracks and sightings of wolverine, wolf, caribou,
moose, bear, other species, snowmobile tracks, and cabins.
To identify animal tracks, we used a combination of track
size, shape, depth, and gait but most importantly track
pattern, which included changes in types and spacing of
different gaits because of different snow conditions. We
spent as much time as needed to verify the identity of tracks,
including circling tracks, following tracks to observe changes
in track pattern or behavior, following fresh tracks until we
saw the animal, and landing the aircraft to investigate tracks
on the ground. If the track continued in the direction the
survey plane was headed, we entered additional locations for
the track about every 2 minutes, until the route and track
diverged or we saw the animal, assuring that we recorded
every hexagon the track entered along the route. We also
recorded weather and tracking conditions during each flight.
Detection of a track in snow can be affected by depth of snow

andhoarfrost, time since andquantity of the last snowfall, light
conditions, and wind. Consequently, we rated tracking
conditions in each hexagon on a scale of 1 to 4, with 4 being
the best conditions possible. We assigned ratings based on
general depth and softness of snow, the variability in tracking
conditions within sampling units along the route (e.g.,
occurrence of windblown areas), and lighting conditions
that affected contrast between tracks and snow. Different
sections of the routes could have different ratings.A rating of 1
indicated widespread windblown or cloudy conditions when
tracks were generally undetectable except in a few protected
areas. A rating of 2 indicated areas of windblown or cloudy
conditions along some segments of the survey route, but tracks
were generally detectable, particularly if we directed the flight
pathsoverareaswithgood trackingconditions in thehexagons.
A rating of 3 indicated good tracking conditions were
widespread along the flight route with only occasional
windblown or cloudy conditions. A rating of 4, which was
uncommon, indicated ideal tracking conditions when a fresh
snowfall or thick hoarfrost occurred all along a flight route and
sunny conditions made tracks particularly easy to see,
sometimes even at �1 km. We usually did not begin a survey
flight if we anticipated conditions 1 and 2 would prevail over
most of the survey route. Because survey flights could last
�6 hour, conditions could change during a survey flight. We
discontinued flights if conditions fell to a 1 during the flight
with little chance of improvement.

Occupancy Modeling
Covariate selection.—Because it was not possible to conduct

a systematic survey with the same detectability across the

study area under the challenging logistics and conditions that
we faced in NPR-A, we incorporated detection variability
(detection covariates) and habitat features that could affect
wolverine abundance (occupancy covariates) in our occu-
pancy models. Detection covariates were measurable during
surveys and varied among hexagons during a single survey
flight and among all survey flights. The first detection
covariate was tracking conditions, a categorical variable
representing conditions affecting track detectability from the
air as described above and defined on a subjective scale
ranging from poor (1) to very good (4). We assumed that
wolverine detection would increase with better tracking
conditions. The second detection covariate was the month in
which each hexagon visit occurred. Lack of light earlier in the
winter limited our survey period to March and April.
Magoun et al. (2007), Gardner et al. (2010), and Myhr
(2015) reported that wolverine activity levels increased from
March through April, increasing the probability of detecting
tracks during aerial surveys as the season advanced, so we
included March and April as detection covariates.
Wemeasured occupancy covariates at the hexagon level and

standardized the values for each to a mean of 0 and a standard
deviation of 1 so parameter estimates were directly
comparable among covariates. We included 2 covariates
related to elevation within each hexagon: mean elevation and
standard deviation (SD) of mean elevation. We calculated
these covariates from the United States Geological Survey
(USGS) National Elevation Dataset, a grid-format raster
dataset that seamlessly covers Alaska with a pixel size of
approximately 60m (USGS 2013). Mean elevation indicated
overall elevation within each hexagon, and SD of mean
elevation within each hexagon provided an index of terrain
ruggedness, with higher SD representing more rugged
terrain.We calculated mean elevation by averaging the values
of all elevation pixels (average of 150,000 pixels/hexagon)
within each hexagon and then calculated the SD of the mean
elevation (using all elevation pixels) for each hexagon.
We calculated 2 other occupancy covariates, well-drained

soils and poorly drained soils, from the Alaska Arctic Tundra
Vegetation Map (Raynolds et al. 2006). Raynolds et al.
(2006) derived the map from advanced very high resolution
radiometer satellite data with 1-km pixels and converted the
pixels to polygons representing land cover class extents. Land
cover classes were associated with well-drained soils or poorly
drained soils, which we used as proxies for availability of prey
species for wolverines in NPR-A. We calculated the
proportion of each hexagon that consisted of well-drained
soil polygons (a merge of all non-wetland land cover classes
including non-tussock graminoid tundra, tussock tundra,
erect dwarf-shrub tundra, low-shrub tundra, and non-acidic
mountain complexes) and poorly drained soil polygons (a
merge of all wetland classes including wet acidic coastal
complexes and wet nonacidic coastal complexes with sedge
and graminoid communities).
We did not attempt to incorporate other wildlife as

occupancy covariates because of the limitations of the short
survey period and the occupancy modeling process. For
example, moose and wolves were sparsely distributed or
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occurred in only a few areas and may have had only localized
effects, if any, on wolverine abundance. However, caribou
varied in abundance seasonally and annually across the study
area and could have had a strong influence on wolverine
abundance at a regional scale even though they were not
present over large portions of the study area during March
and April.
Model parameters.—The hierarchical Bayesian occupancy

modeling procedure is a computationally efficient method for
occupancy modeling that uses a restricted spatial regression
approach to estimate the probability of occupancy of a species
at a series of sampling units, allowing analysis of large
occupancy datasets while making Bayesian inferences about
detection and occupancy processes. The procedure explicitly
incorporates spatial autocorrelation in survey data (Johnson
et al. 2013). Further details are provided by Hughes and
Haran (2013).
Input data for each model included occupancy covariate

values for every hexagon, and detection history and detection
covariate values for each visited hexagon. During each
individual passage of a survey aircraft through a hexagon (1
visit), observers recorded a 1 if they detected wolverine tracks
or a 0 if they did not, resulting in a detection history for each
hexagon. For example, if we visited a hexagon 3 times and we
detected wolverines only on the second visit, the detection
history would be 010. The hierarchical Bayesian occupancy
modeling method also took advantage of spatial autocorre-
lation in survey and covariate data to estimate occupancy of
hexagons not sampled using the occupancy status and
covariate values of neighboring hexagons (Johnson et al.
2013). The threshold for detecting spatial structure in
neighboring sample units was set to 12,000m, which is large
enough to encompass all 6 first-order neighbors of each
hexagon. We specified flat prior distributions for the
detection and occupancy processes and a gamma (0.5,
0.0005) distribution for the spatial process following Johnson
et al. (2013). We allowed the chain to stabilize by running a
burn-in period of 10,000 iterations, which were discarded,
and then ran the Gibbs sampler for 60,000 iterations. The
thinning rate of the chain was 1/5, resulting in a posterior
sample of 12,000 for each model. We used the package stocc
(Johnson 2015) for the R statistical environment (R version
3.2.5, http://r-project.org, accessed 1 Apr 2016) to fit the
models.
Model fit and selection.—We assessed model fit using the

posterior predictive loss (PPL) criterion (Gelfand andGhosh
1998, Johnson et al. 2013). The PPL criterion incorporated
an estimate of model fit to the data along with a penalty for
complex (over-parameterized) models. Lower PPL values
indicated better fit to the data. The PPL was built into the
stocc package for R as the default method of model fit
assessment. However, PPL can be biased towards models
with more parameters, resulting in inflated estimates of
model fit for over-parameterized models (Broms et al. 2014).
Therefore, we also assessed model fit using the Bayesian 95%
credible intervals (CrIs) surrounding each covariate’s
parameter estimates and the magnitude of parameter
estimates. Bayesian CrIs not encompassing 0 indicated

that the covariate had a strong influence on detection or
occupancy (Johnson et al. 2013). The magnitude of
parameter estimates also helped to indicate covariate
importance, with greater magnitudes indicating a stronger
influence on detection or occupancy (Broms et al. 2014).
To assess the model with the covariate combinations that

best fit the detection data, we first ran models with each
detection covariate individually, using a randomly generated
constant in the occupancy portion of the model. We then
assessed fit based on PPL and CrIs and combined the best-
fitting detection covariates (low PPL plus CrIs not
encompassing zero) into 1 model and used these covariates
in all subsequent models.We tested each occupancy covariate
individually with the best-fitting detection covariates (lowest
PPL and CrIs not encompassing 0) used in the detection
portion of the model. Once again, we assessed the fit of each
model based on CrIs and PPL and combined the best-fitting
detection and occupancy covariates into a final model.

RESULTS
In 2014, we flew 6 survey routes over 3 days (12, 13, and 15
Apr). In 2015, we flew surveys over 13 days from 12 March–
20 April, with 12 routes flown inMarch and 14 in April. Our
survey area comprised 844 hexagons, with 73 hexagons (8%)
not visited, 328 hexagons (39%) visited once, and 443
hexagons (53%) visited twice or more (Fig. 3). Although we
distributed hexagons that had repeat visits across the study
area, hexagons with a very high number of repeat visits were
concentrated near the airstrips from which we operated
(Fig. 3). We detected tracks of wolverines (or sighted
wolverines) 432 times during our surveys (Fig. 3). Wolverine
tracks were common in the southern half of the area and in
the area directly south of Teshekpuk Lake (Fig. 3). The na€ıve
occupancy estimate (proportion of hexagons in the study area
with at least one wolverine detection; MacKenzie et al. 2006)
was 0.37.

Detection and Occupancy
Month and conditions had positive influences on track
detectability; CrIs did not overlap zero and the model had
the lowest PPL of all detection models tested (Table 1). The
probability of detecting wolverines increased from March to
April, with positive detections occurring on 14% of visits in
March and 35% of visits in April. Not surprisingly, as
tracking conditions improved, wolverine detectability in-
creased. When tracking conditions were lower (1 or 2), we
detected wolverines in only 12% of surveyed hexagons
(comprising 12% of all wolverine detections) versus in 37% of
surveyed hexagons when tracking conditions were 3 or 4
(88% of all wolverine detections). We used the monthþ
conditions detection covariate combination in all subsequent
occupancy models tested.
We first tested each chosen habitat covariate individually in

a model containing the best combination of detection
covariates (Table 2). All 4 covariates in the individual models
had Bayesian CrIs that did not encompass zero, indicating
they each influenced wolverine occupancy values to some
degree, so we tested them in various combinations to
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determine the best-fitting model describing wolverine
occupancy. Because of the strong correlation between SD
of elevation andmean elevation (r> 0.75), and between well-
drained soils and poorly drained soils, we did not include
either pair of covariates together in models to avoid problems
of collinearity, which can result in inaccurate parameter and
occupancy estimates.
In models where we combined covariates additively, CrIs

around each estimate of covariate parameters never
encompassed zero, again indicating that all 4 chosen
occupancy covariates had some influence on occupancy
probability values. The best-fitting model, as evidenced by
the lowest PPL value, contained the covariates well-drained
soils and SD of elevation with both having a positive
influence on probability of wolverine occupancy, indicating
that wolverines may prefer areas with drier and more rugged
and variable terrain. Mean probability of occupancy for sites
with proportions of well-drained soils >50% was 0.73,

whereas mean probability of occupancy for sites with >50%
poorly drained soils was 0.09. Similarly, the Pearson
correlation between probability of occupancy and increasing
standard deviation of elevation (r¼ 0.68) demonstrated that
increasing ruggedness was positively correlated to increasing
wolverine occupancy probability. Conversely, the 3 models
containing mean elevation as an occupancy covariate had the
highest PPL of all models tested, indicating these models
had lower fit to the data than models without the mean
elevation covariate (Table 2).

Spatial Patterns of Occupancy

Probability of wolverine occupancy, based on the best model,
varied across the study area (Fig. 4A) with very high
occupancy in the south and northeast. Occupancy was much
lower in the northern areas west of Teshekpuk Lake. In the
southwest, we observed a small region of low occupancy
(Fig. 4A, dashed circle).

Table 1. Parameter estimates and upper and lower 95% credible intervals (CrI) for covariates in wolverine detection models based on data collected during
aerial surveys for wolverine tracks in April 2014 and March–April 2015 across the North Slope, Alaska, USA. Model selection results are in descending order
from best fit to worst ranked by posterior predictive loss (PPL) criterion. All occupancy models contained a randomly generated constant to ensure only
detection effects were tested.

Detection Occupancy

Model PPL Covariate Estimate Lower CrI Upper CrI Covariate Estimate Lower CrI Upper CrI

Conditionsþmonth 418.7 Intercept �3.15 �4.10 �2.11 Intercept 0.94 0.24 1.58
Conditions 0.50 0.38 0.64 Constant �0.75 �1.58 0.09
Month 0.49 0.27 0.73

Conditions 420.8 Intercept �1.28 �1.68 �0.91 Intercept 0.87 0.26 1.44
Conditions 0.51 0.38 0.64 Constant �0.77 �1.51 0.05

Month 438.7 Intercept �1.69 �2.48 �0.77 Intercept 0.70 0.15 1.24
Month 0.48 0.24 0.69 Constant �0.61 �1.48 0.11

Constant 444.3 Intercept 0.08 �0.09 0.29 Intercept 0.70 0.21 1.22
Constant 0.10 �0.22 0.29 Constant �0.65 �1.32 0.12

Figure 3. Number of visits to each hexagonal site and sites with �1 wolverine observation during aerial track surveys in March 2014 and March-April 2015
within the North Slope, Alaska, USA, study area. Communities are marked with a red star and the Chipp 10 Cabin is marked with a red triangle; the boundary
of the National Petroleum Reserve-Alaska (NPR-A) is indicated by the dashed black line.
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We used the spatial patterns of standard error of occupancy
(Fig. 4B) to indicate areas of uncertainty in the model. In the
southeast and northern areas of the study area, standard error
was low, indicating more certainty in the estimates of
occupancy in these areas. The model had sufficient
information on wolverine detections (or non-detections)
in these areas to have a high degree of certainty in the
occupancy estimates. In the center of the study area, however,
standard error was higher. In this area, number of visits to
hexagons was high, but there was more variation in number
of wolverine detections, resulting in decreased certainty in
occupancy estimates. Overall spatial patterns of wolverine
occupancy during our survey period were consistent among
all models tested, with only slight differences in values on a
hexagon-by-hexagon basis.
Based on our survey results, we established 4 zones that

could inform assessment and management of wolverines
within our study area (Fig. 5): the wet northern area (zone A)
where wolverine occupancy and standard error were low; the
transition area (zone B) between low and high occupancy
where standard error was high; the more rugged, drier
southern area (zoneC) where occupancy was high and
standard error low; and the northeast area immediately south
of Teshekpuk Lake (zone D) where occupancy was high and
standard error variable across the area. Over half of the
hexagon visits in each of the 4 zones occurred under tracking
conditions with a rating of good (3) or very good (4; Table 3).
Conditions varied across zones with zone C having the
highest percentage of visits (30.6%) in conditions 3 and 4,
followed by zones A (16%), B (12%), andD (7.1%); however,
the Bayesian occupancy modeling procedure can account for

spatial variation in species detectability when estimating
occupancy across the study area.

DISCUSSION
Our models indicated that higher wolverine occupancy in the
NPR-A was consistently associated with drier soils and
increased terrain ruggedness. The transition in occupancy
from lower, wetter areas to higher, drier areas was obvious
and consistent across models, even those without soil type as
a covariate. Our documentation of increased occupancy in
more rugged terrain (not necessarily higher elevation) was
similar to other studies. May et al. (2012) reported that
female wolverines in Norway selected den sites in rugged,
mid-elevation regions and Fisher et al. (2013) detected more
wolverines in the rugged areas of their Rocky Mountain
study area. However, difference in elevation across our
tundra study area was much less than in those and other
mountainous areas where it could be difficult to separate the
influence of ruggedness from that of elevation. Additionally,
in mountainous regions where temperature is milder and
more variable than on the Alaska tundra, mean elevation may
have a stronger influence on wolverine distribution than our
relatively flatter, colder study area. This suggestion, however,
requires further study and would need a different survey
methodology given the steep-sided terrain that would
prevent consistent flight patterns.
The region of high standard error of occupancy probability

in the center of the study area (Fig. 4B) likely represented a
transition zone between higher-quality wolverine habitat to
the south and east (drier soils and more rugged terrain) and
lower-quality habitat to the north and west (more wetlands

Table 2. Parameter estimates and upper and lower 95% credible intervals (CrI) for covariates in wolverine occupancy models based on data collected during
aerial surveys for wolverine tracks in April 2014 and March–April 2015 across the North Slope, Alaska, USA. Model selection results are in descending order
from best fit to worst ranked by posterior predictive loss (PPL) criterion. All detection models contained the covariates conditions and month. Occupancy
covariates calculated at the site level were standard deviation of elevation (SD), well-drained soil (WDS), poorly drained soil (PDS), and mean elevation (ME).

Detection Occupancy

Model PPL Covariate Estimate Lower CrI Upper CrI Covariate Estimate Lower CrI Upper CrI

WDSþSD 416.9 Intercept �3.23 �4.24 �2.33 Intercept �2.05 �2.53 �1.64
Conditions 0.50 0.37 0.64 WDS 0.02 0.01 0.03
Month 0.52 0.30 0.77 SD 0.04 0.02 0.07

SD 418.4 Intercept �3.23 �4.25 �2.23 Intercept �1.21 �1.61 �0.81
Conditions 0.50 0.37 0.64 SD 0.08 0.05 0.11
Month 0.52 0.52 0.77

PDSþSD 418.9 Intercept �3.26 �4.20 �2.26 Intercept �0.06 �0.51 0.42
Conditions 0.50 0.37 0.64 PDS �0.02 �0.03 �0.01
Month 0.52 0.31 0.77 SD 0.05 0.02 0.07

WDS 421.9 Intercept �3.16 �4.10 �2.19 Intercept �2.09 �2.64 �1.54
Conditions 0.51 0.37 0.63 WDS 0.03 0.03 0.04
Month 0.49 0.28 0.74

PDS 422.8 Intercept �3.17 �4.14 �2.29 Intercept 1.23 0.76 1.68
Conditions 0.51 0.37 0.63 PDS �0.03 �0.04 �0.03
Month 0.49 0.24 0.71

ME 423.9 Intercept �3.26 �4.18 �2.15 Intercept �1.54 �2.44 �0.67
Conditions 0.50 0.36 0.63 ME 0.02 0.01 0.04
Month 0.51 0.27 0.72

WDSþME 424.4 Intercept �3.21 �4.13 �2.18 Intercept �2.42 �3.10 �1.88
Conditions 0.49 0.37 0.63 ME 0.02 0.01 0.03
Month 0.50 0.50 0.74 WDS 0.02 0.01 0.03

PDSþME 427.7 Intercept �3.22 �4.15 �2.21 Intercept �0.58 �1.20 0.13
Conditions 0.49 0.37 0.63 ME 0.02 0.01 0.02
Month 0.50 0.28 0.74 PDS �0.02 �0.03 �0.01
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and flatter terrain). A higher proportion of wolverines
detected in this transition zone, as compared to the wetter
northern areas, may have resulted from wolverines dispersing
northward from the southern areas where most reproduction
apparently occurs (Magoun 1985; our interviews with 12
local hunters; and wolverine dens located in zone C, M. D.
Robards, Wildlife Conservation Society, unpublished data).
The hunters we interviewed reported that wolverines and
other wildlife were more abundant in the area south of the
Chipp 10 cabin (Fig. 1). Infrequent detection of wolverine

tracks in northern portions of the study area was likely a
function of more ephemeral occupancy of wolverines in these
areas, as noted by hunters who linked wolverine occurrence
in these areas with caribou occurrence, stating that
wolverines followed the caribou north. However, in some
northern areas, we detected many caribou during our surveys
in areas where wolverine occupancy estimates were low.
Therefore, we could not use caribou presence during the
survey period to explain wolverine distribution patterns or
occupancy probability. Information on caribou occurrence

Figure 4. (a) Spatial pattern of the probability of wolverine occupancy within each hexagonal survey unit across the North Slope, Alaska, USA, study area based
on data collected during aerial track surveys inMarch 2014 andMarch–April 2015 and detection and habitat covariates retained in the best-fitting model to the
data. The low occupancy region mentioned in text is indicated with an orange circle. (b) Standard error of occupancy across the study area, calculated from the
same model as A. Communities are marked with a red star and the Chipp 10 Cabin is marked with a red triangle; the boundary of the National Petroleum
Reserve-Alaska (NPR-A) is indicated by the dashed black line.
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throughout the winter may be necessary to better understand
wolverine distribution relative to caribou, especially consid-
ering caribou distribution and numbers change over time.
The area of low occupancy probability that we observed in

the southwest (Fig. 4A, dashed circle) was near a subsistence
cabin, which the survey crew noted as an active hunting cabin
with 3 snowmobiles in 2014. It is possible that removal of
wolverines by hunters just before our surveys reduced the
probability of detecting wolverine tracks in that area, which
would suggest sensitivity of our survey method to detecting
relatively small-scale and perhaps short-term difference in
wolverine occupancy where locally intensive hunting occurs.
In contrast, areas north and northwest of Umiat, which were
used by hunters from Utqiaġvik and Nuiqsut, had some of
the highest wolverine occupancy values that we observed,
suggesting either wolverines were resident in those areas and
hunting pressure was relatively low or wolverines dispersed
into these hunted areas prior to our surveys. Local hunters

did not report specific locations where they hunted
wolverines, so we were unable to incorporate this in our
models. Hunting pressure can affect occupancy probability
estimates, but without consistent and relatively comprehen-
sive data (including locations of takes), this potentially
important covariate cannot be adequately evaluated. Incom-
plete mortality data of this type could lead to misinterpreta-
tion of the importance of other covariates, especially if
wolverine hunting is biased toward a particular land cover
type such as river corridors or proximity to communities and
caribou hunting areas.
The increase in detections of wolverine tracks from March

through April suggested a possible management tool for
increasing wolverine numbers if this becomes a management
goal in the NPR-A. Between 2012 and 2016, 82% of
reported wolverine hunts occurred from January through
April. Male wolverines and non-reproductive females will
remain active throughout this period, but reproductive
females will give birth in February and early March and
spend much of their time in dens when their kits are very
young. By late March and April, however, lactating females
begin moving more outside the dens (Myhr 2015). Also,
Myhr (2015) reported an occasional reduction in distance
moved by females in lateMarch, possibly coincident with kits
being moved closer to food. With reliable hunting data (sex,
date of harvest, means of take, and location of harvest),
managers could assess the percent harvest made up of females
over the latter part of the hunting season, method of take of
late-season females (shot or trapped), and where hunting of
females is concentrated. If future studies indicated a
declining wolverine population, shortening the hunting
season or limiting method of take to decrease hunting of
female wolverines, particularly lactating females with kits in

Figure 5. Proposed management zones for wolverines in the National Petroleum Reserve-Alaska (NPR-A) on the North Slope, USA based on modeled
probability of wolverine occupancy derived from data collected during aerial track surveys inMarch 2014 andMarch–April 2015. Communities are marked with
a red star and the Chipp 10 Cabin is marked with a red triangle.

Table 3. Number of visits to hexagonal study units, during aerial surveys for
wolverine tracks in April 2014 and March–April 2015 across the North
Slope, Alaska, USA, in each proposed wolverine management zone that
occurred during different tracking conditions, and in parentheses,
percentage of total site visits in each management zone that occurred
during each condition value. Conditions values ranged from 1 (poorest
conditions for detecting tracks) to 4 (best conditions).

Zone

Conditions A B C D Total

1 112 (25.4) 72 (22.0) 13 (2.2) 41 (24.8) 238
2 87 (19.7) 73 (22.3) 104 (17.9) 16 (9.7) 280
3 168 (38.1) 149 (45.4) 425 (73.3) 108 (65.5) 850
4 74 (16.8) 34 (10.4) 38 (6.6) 0 (0.0) 146
Total 441 328 580 165 1,514
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dens, could be used to increase wolverine numbers and
cumulative hunting of wolverines over time.
Our covariates are spatially patterned because of landscape

and geology, so it is difficult to separate geographical effects
from habitat variable effects, but because the patterns of
occupancy were consistent, even from models without soil
covariates, they were probably robust. The consistency of our
aerial surveys with prior information documenting tradi-
tional ecological knowledge (Braund 2010) and concurrent
interviews with hunters lent support for our survey approach.
We do not recommend increasing the number of covariates

in our model, at least without a clear understanding of the
mechanisms by which they may affect wolverine occupancy.
Nevertheless, it would be helpful to investigate the
relationship of arctic ground squirrels to soil conditions
because this summer food item, important for feeding
wolverine young over spring and summer, may be more
common in drier terrain. More information on ground
squirrel distribution and density, and distribution and
density of other prey including snowshoe hare, ptarmigan,
and microtines, would add valuable insight into influences of
wolverine distribution on the North Slope. Also, incorpo-
rating information on caribou occurrence in NPR-A through
the fall and winter would clarify how caribou distribution and
abundance influences wolverine distribution and occupancy
probability in NPR-A.
We predict that zone C will continue to have a high

probability of wolverine occupancy if food resources for
reproduction do not decrease and removals by hunters do not
increase appreciably over time. In contrast, we expect zone A
will continue to have relatively low wolverine numbers
because of suboptimal habitat for wolverine reproduction and
high human use relative to other areas. We cannot predict at
this time how climate change might affect wolverines and
their food resources in this area except to acknowledge that
climate warming is occurring relatively rapidly on Alaska’s
North Slope with potential to affect wolverines both
positively and negatively (Magoun et al. 2017). Zone B is
likely to remain a transition area between northern and
southern areas. Wolverine occupancy in zone D is
particularly hard to predict because we expect that it is
influenced largely by the Teshekpuk caribou herd, which
calves in spring and often has overwintering members
residing within this zone. Moreover, sandy soils unique to
this area (Fig. 2B) may support ground squirrels and other
summer foods for wolverines despite the large numbers of
lakes in this area. Utqiaġvik and Nuiqsut hunters also
reported that this is a productive area to hunt wolverines.

MANAGEMENT IMPLICATIONS
The results of our occupancy survey can act as a baseline from
which to measure where, when, and how factors affect
wolverine distribution and occupancy in the future (given the
covariates we have suggested). We recommend that zone C
(which includes the Colville River and Utukok River Uplands
Special Areas) be given the highest priority for any future
assessment or management actions because of the high
probability of wolverine occupancy and the apparent quality of

the habitat for reproduction. We suggest that future research
directions focus on better defining the specific habitat features
that affect wolverine abundance in theNPR-A, how their prey
is distributed both spatially and temporally, and how climate
change could affect these in the future. Finally, we encourage
efforts to better understand themagnitude and distribution of
the wolverine hunt in NPR-A.

ACKNOWLEDGMENTS
The North Slope Borough, BLM, and ADFG were
invaluable for providing logistical support in our remote
study area. M. A. Keech, C.R. Laird, P. Valkenburg, and
A. J. Magoun conducted the aerial surveys, including the
planning and survey design. M. Southee designed the
hexagonal survey grid. We are grateful to the M. J. Murdock
Charitable Trust, Wilburforce Foundation, and the North
Slope Borough for funding components of this research
project.

LITERATURE CITED
Alaska Department of Fish and Game [ADFG]. 2014a. 2014-2015 Alaska
hunting regulations. No. 55. Division of Wildlife Conservation, Juneau,
Alaska, USA.

Alaska Department of Fish and Game [ADFG]. 2014b. 2014-2015 Alaska
trapping regulations. No. 55. Division of Wildlife Conservation, Juneau,
Alaska, USA.

Alaska Department of Fish and Game [ADFG]. 2015a. 2015-2016 Alaska
hunting regulations. No. 56. Division of Wildlife Conservation, Juneau,
Alaska, USA.

Alaska Department of Fish and Game [ADFG]. 2015b. 2015-2016 Alaska
trapping regulations. No. 56. Division of Wildlife Conservation, Juneau,
Alaska, USA.

Barker, O. E., and A. E. Derocher. 2010. Habitat selection by arctic ground
squirrels (Spermophilus parryii). Journal of Mammalogy 91:1251–1260.

Braund, S. R. 2010. Subsistencemapping of Nuiqsut, Kaktovik, and Barrow.
MMS OCS Study Number 2009-003. U.S. Department of the Interior
Minerals Management Service, Anchorage, Alaska, USA.

Broms, K.M., D. S. Johnson, R. Altwegg, and L. L. Conquest. 2014. Spatial
occupancy models applied to atlas data show southern ground hornbills
strongly depend on protected areas. Ecological Applications 24:363–74.

Chapin, F. S., III, S. F. Trainor, P. Cochran, H. Huntington, C. Markon,
M. McCammon, A. D. McGuire, and M. Serreze. 2014. Chapter 22:
Alaska. Pages 514–536 in J. M. Melillo, T. C. Richmond, and G. W.
Yohe, editors. Climate change impacts in the United States: the third
national climate assessment. U.S. Global Change Research Program,
Washington, D.C., USA.

Committee on the Status of EndangeredWildlife in Canada [COSEWIC].
2014. COSEWIC assessment and status report on the Wolverine Gulo
gulo in Canada. Committee on the Status of Endangered Wildlife in
Canada, Ottawa, Canada.

Fisher, J. T., S. Bradbury, B. Anholt, L. Nolan, L. Roy, J. P. Volpe, and M.
Wheatley. 2013. Wolverines (Gulo gulo luscus) on the Rocky Mountain
slopes: natural heterogeneity and landscape alteration as predictors of
distribution. Canadian Journal of Zoology 91:706–716.

Gardner, C. L., J. P. Lawler, J. M. VerHoef, A. J.Magoun, and K. A. Kellie.
2010. Coarse-scale distribution surveys and occurrence probability
modeling for wolverine in interior Alaska. Journal of Wildlife Manage-
ment 74:1894–1903.

Gelfand, A. E., and S. K. Ghosh. 1998. Model choice: a minimum posterior
predictive loss approach. Biometrika 85:1–11.

Golden, H. N., A. M. Christ, and E. K. Solomon. 2007a. Spatiotemporal
analysis of wolverine Gulo gulo harvest in Alaska. Wildlife Biology
13(Supplement 2):68–75.

Golden, H. N., J. D. Henry, E. F. Becker,M. I. Goldstein, J. M.Morton, D.
Frost, andA. J. Poe. 2007b. Estimating wolverineGulo gulo population size
using quadrat sampling of tracks in snow. Wildlife Biology 13(Suppl.
2):52–61.

Poley et al. � Wolverine Occupancy in Northwestern Alaska 11



Hughes, J., and M. Haran. 2013. Dimension reduction and alleviation of
confounding for spatial generalized linear mixed models. Statistical
Methodology 75:139–159.

Johnson, D. S., P. B. Conn,M. B. Hooten, J. C. Ray, and B. A. Pond. 2013.
Spatial occupancy models for large data sets. Ecology 94:801–808.

Johnson, D. S. 2015. stocc: fit a spatial occupancymodel viaGibbs sampling.
R package version 1.30. https://CRAN.R-project.org/package=stocc.
Accessed 1 Apr 2016.

Kittel, T. G. F., B. B. Baker, J. V. Higgins, and J. C. Haney. 2011. Climate
vulnerability of ecosystems and landscapes on Alaska’s North Slope.
Regional Environmental Change 11(Supplement 1):249–264.

Koen, E. L., J. C. Ray, J. Bowman, F. N. Dawson, and A. J. Magoun. 2008.
Surveying andmonitoring wolverines inOntario and other lowland, boreal
forest habitats: recommendations and protocols. Northwest Science and
Information Field Guide FG-06. Ontario Ministry of Natural Resources,
Thunder Bay, Ontario, Canada.

Krebs, J., E. C. Lofroth, and I. Parfitt. 2007. Multiscale habitat use by
wolverines in British Columbia, Canada. Journal ofWildlife Management
71:2180–2192.

Kyle, C. J., and C. Strobeck. 2001. Genetic structure of North American
wolverine (Gulo gulo) populations. Molecular Ecology 10:337–347.

MacKenzie, D. I., J. D. Nichols, G. B. Lachman, S. Droege, J. A. Royle, and
C. A. Langtimm. 2002. Estimating site occupancy rates when detection
probabilities are less than one. Ecology 83:2248–2255.

MacKenzie, D. I., J. D. Nichols, J. A. Royle, K. H. Pollock, L. L. Bailey, and
J. E. Hines. 2006. Occupancy estimation and modeling: inferring patterns
and dynamics of species occurrence. Academic Press, New York, New
York, USA.

MacKenzie, D. I., and J. A. Royle. 2005. Designing occupancy studies:
general advice and allocating survey effort. Journal of Applied Ecology
42:1105–1114.

Magoun, A. J. 1985. Population characteristics, ecology, andmanagement of
wolverines in northwestern Alaska. Dissertation, University of Alaska �
Fairbanks, Fairbanks, USA.

Magoun, A. J. 1987. Summer and winter diets of wolverines, Gulo gulo, in
arctic Alaska. Canadian Field-Naturalist 101:392–397

Magoun, A. J., J. C. Ray, D. S. Johnson, P. Valkenburg, F. N. Dawson, and
J. Bowman. 2007. Modeling wolverine occurrence using aerial surveys of
tracks in snow. Journal of Wildlife Management 71:2221–2229.

Magoun, A. J., M. D. Robards, M. L. Packila, and T. W. Glass. 2017.
Detecting snow at the den-site scale in wolverine denning habitat.
Wildlife Society Bulletin 41:381–387

May, R., L. Gorini, J. van Dijk, H. Brøseth, J. D. C. Linnell, and A. Landa.
2012. Habitat characteristics associated with wolverine den sites in
Norwegian multiple-use landscapes. Journal of Zoology 287:195–204.

Myhr, T. M. 2015. Movement pattern of wolverine females around the den
during the denning period. Thesis, Swedish University of Agricultural
Sciences, Uppsala, Sweden. [in Swedish].

NorthSlopeScienceInitiative [NSSI]. 2013.Landcovermapping summary report.
<http://catalog.northslope.org/catalog/entries/4616-nssi-landcover-report-
landcover-mapping-for-n>. Accessed 14 Jan 2016.

Poley, L. G., B. A. Pond, J. A. Schaefer, G. S. Brown, J. C. Ray, and D. S.
Johnson. 2014. Occupancy patterns of large mammals in the Far North of
Ontario under imperfect detection and spatial autocorrelation. Journal of
Biogeography 41:122–132.

Raynolds,M. K., D. A.Walker, andH. A.Maier. 2006. Alaska arctic tundra
vegetation map. Scale 1:4,000,000. Conservation of Arctic Flora and
Fauna (CAFF) Map No. 2, U.S. Fish and Wildlife Service, Anchorage,
Alaska, USA.

Royle, J. A., A. J. Magoun, B. Gardner, P. Valkenburg, and R. E. Lowell.
2011. Density estimation in a wolverine population using spatial capture-
recapture models. Journal of Wildlife Management 75:604–611.

StateofAlaska.2015.Populationadjustment.AlaskaDepartmentofCommerce,
Community, and Economic Development, Anchorage, Alaska, USA.

Tape, K.D., K.Christie,G.Carroll, and J.A.O’Donnell. 2016.Novel wildlife
in theArctic: the influence of changing riparian ecosystemsand shrubhabitat
expansion on snowshoe hares. Global Change Biology 22:208–219.

Tape, K., M. Sturm, and C. Racine. 2006. The evidence for shrub expansion
in northern Alaska and the Pan-Arctic. Global Change Biology
12:686–702.

U.S. Bureau of Land Management [BLM]. 2017. Alaska oil and gas lease sales.
<https://blm.gov/programs/energy-and-minerals/oil-and-gas/leasing/
regional-lease-sales/alaska>. Accessed 14 Oct 2017.

U.S. Geological Survey [USGS]. 2013. The National Map—3D Elevation
Program.<http://nationalmap.gov/elevation.html>.Accessed13 Jan2016.

Wendler, G.,M. Shulski, and B.Moore. 2010. Changes in the climate of the
Alaskan North Slope and the ice concentration of the adjacent Beaufort
Sea. Theoretical and Applied Climatology 99:67–74.

Wheeler, H. C., and D. S. Hik. 2013. Arctic ground squirrels Urocitellus
parryii as drivers and indicators of change in northern ecosystems.
Mammal Review 43:238–255.

Associate Editor: Kerry Nicholson.

12 The Journal of Wildlife Management � 9999()

https://CRAN.R-project.org/package=stocc
http://catalog.northslope.org/catalog/entries/4616-nssi-landcover-report-landcover-mapping-for-n
http://catalog.northslope.org/catalog/entries/4616-nssi-landcover-report-landcover-mapping-for-n
https://blm.gov/programs/energy-and-minerals/oil-and-gas/leasing/regional-lease-sales/alaska
https://blm.gov/programs/energy-and-minerals/oil-and-gas/leasing/regional-lease-sales/alaska
http://nationalmap.gov/elevation.html

