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EXECUTIVE SUMMARY
The wolverine is considered Data Deficient in Alberta. Alberta uses criteria developed by the
International Union for Conservation of Nature (IUCN) when assessing species’ status. IUCN
status designations are determined using a variety of criteria including a declining population
size, extent of (and changes to) geographic range (e.g., extent of occurrence, or area of
occupancy), a determination that population size is small and/or restricted, or a quantitative
analysis on the probability of extinction (IUCN 2012). Alberta’s designation of Data Deficient is
used when the available data are inadequate to determine the degree of threat faced by the
species.
Several wolverine studies have occurred within Alberta since the provincial status assessment in
2000, and much more information is now available that will be useful for an updated status
assessment, including abundance estimates for some regions of the province, areas of occupancy
and occurrence, habitat ecology, and response to anthropogenic change. However, the data on
population size within the province remains limited. Some extrapolation techniques might allow
for coarse estimates at the provincial level, but there are limitations to these options. In
particular, there are currently no robust population estimates for the Boreal Forest Natural
Region even though this makes up the vast majority of the wolverine distribution in Alberta.
We estimated wolverine density for the Birch Mountains area using data originally collected for
an occupancy study from 2016–2017. The study area was 1,976 km2 with an estimated density
within the range of 0.66–3.00 per 1,000 km2 (95% CI). This estimate should be interpreted
cautiously because of low precision and the failure to meet spatially explicit capture-recapture
model assumptions regarding trap-specific behavioural response. A density estimate in the
Rainbow Lake area of Alberta is currently underway; however, the study area was again
relatively small and may not be representative for Alberta’s Boreal Forest Natural Region as a
whole. Wolverine density estimates from studies in various locations in the Rocky Mountains
and Foothills natural regions between 2004 and 2020 range from 1.3/1,000 km2 to 6.8/1,000 km2;
however, differences in field and analysis methods make comparisons across studies difficult and
should be interpreted cautiously.
In addition, there are limited available data to provide an estimate of population trend over time.
Harvest records can provide an index of harvest and changes in the distribution of harvest,
though these records are largely influenced by trapper effort, which has not been accounted for
with wolverine harvest to date. In summary, data gaps that continue to exist include a current
abundance estimate for the northern portion of the Rocky Mountains and Foothills, a reliable
abundance estimate to represent the Boreal Forest Natural Region, and information to account
for population trend across the province.
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1.0

INTRODUCTION

Wolverines are notoriously cryptic and information about their ecology, habitat needs, and
population status is often difficult to obtain. Federally, the wolverine is considered a species of
Special Concern by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC
2014). Within Alberta, wolverines may be at risk but the species is currently considered Data
Deficient due to insufficient information on their populations (Alberta Environment and Parks
2017). The status assessment for wolverines resulting in this designation occurred in 2000, based
on information available in the late 1990s (Peterson 1997). Since that time, there have been
several wolverine studies within Alberta to attempt to better understand the ecology of this
evasive species.
This report provides a review of population literature for wolverines and discusses its
implications for estimating abundance and trend within Alberta. This report also presents an
analysis of the available population data for wolverines in Alberta, including recently obtained
data from the Alberta Conservation Association’s (ACA) Birch Mountains study area, with the
goal of defining our knowledge of a defendable provincial population estimate. A provincial
population estimate is an important component of a future status re-assessment of wolverines in
Alberta. Additional information relevant to the status assessment, such as trend in population,
habitat, distribution, rescue potential, and threats would be covered in a future updated Alberta
Wildlife Status Report.
Specifically, the objectives of this report are to provide:
1. a review of the available population information from Alberta and other relevant
jurisdictions;
2. an evaluation of whether the available data allow for a provincial population and trend
estimate over the last 5–10 years; and
3. an assessment of knowledge gaps and list of information needed to answer further
questions about wolverine population size and trend within Alberta.
2.0

METHODS

2.1

Literature Review

To complete Objectives 1 through 3, we reviewed the available wolverine literature, specifically
focussing on literature that has been published since the last status report (Peterson 1997). We
focussed on studies completed in Alberta or in other relevant jurisdictions (e.g., other regions
with similar habitat). In our review of the available density and abundance literature, we
focussed only on publications conducted in habitats present in Alberta (e.g., we excluded studies
conducted in arctic habitats).

1

As part of Objective 1, we attempted to calculate a spatially explicit density estimate for the
western periphery of the Birch Mountains using data collected in 2016–2017. See Appendix 1
for the details of the methods and results.
3.0

RESULTS AND DISCUSSION

3.1
Objective 1: A review of the available population information from Alberta and
other relevant jurisdictions
Several wolverine studies have occurred within Alberta since the provincial status assessment in
2000, which was based on Peterson (1997). Broadly, the recent work occurring within Alberta
can be grouped into seven main themes: population assessments, habitat ecology, genetics,
trapper harvest, behaviour, foraging ecology, and occupancy monitoring (Appendix 2 Table 1).
Until recently, work has been focussed in the Rocky Mountain region. Wolverine distribution in
the United States is largely limited to mountainous areas, and consequently a large portion of
North American research has focussed on this ecosystem (e.g., Hornocker and Hash 1981, Inman
et al. 2012, Fisher et al. 2013, Kortello et al. 2019, Sawaya et al. 2019). Thus, perhaps one of the
biggest contributions to the literature since the last status assessment is the work in the boreal
forest of Alberta (e.g., Webb et al. 2016, Scrafford et al. 2017, Scrafford and Boyce 2018,
Jokinen et al. 2019). For example, a consistent finding in the literature is that wolverine
distribution is largely associated with, and limited by, persistent spring snow cover (e.g., Aubry
et al. 2007, Brodie and Post 2010, Copeland et al. 2010). However, recent research from the
boreal forest in Alberta suggests this is not the case and an established wolverine population
exists in the boreal region despite the lack of spring snow cover (Webb et al. 2013, 2016, 2019).
Similar to research outside of Alberta, wolverines in the province appear to be affected by
anthropogenic landscape change (e.g., Heim et al. 2017). In the Rocky Mountains and foothills,
wolverine density is higher in areas with less anthropogenic development (Fisher et al. 2013) and
wolverine behaviour differs between areas of low and high human disturbance (Stewart et al.
2016). Indeed, genetic work indicates that populations have more gene flow between them when
they are exposed to fewer anthropogenic disturbances (Kyle and Strobeck 2001, 2002).
Furthermore, wolverine use of habitats is affected by industrial development. For example,
Scrafford et al. (2018) showed that roads, regardless of traffic volume, reduced the quality of
wolverine habitats and higher-traffic roads might be deleterious. Further work indicates that in at
least some areas, wolverines have become adapted to landscapes with high industrial footprints
(e.g., Scrafford et al. 2017). In the boreal forests near Rainbow Lake, Alberta, wolverines were
attracted to logging areas perhaps because these areas provide foraging opportunities and
movement routes for wolverines (Scrafford et al. 2017). Wolverines were even found using
anthropogenic features for denning habitat; one wolverine den was found in a slash pile and one
den was found in a log deck (Scrafford et al. 2018). Similarly, wolverines in the boreal region
use borrow pits as hunting grounds for beavers and one wolverine denned within a beaver lodge
at a borrow pit (Scrafford et al. 2020).
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The trend in the population estimation literature is for researchers to use spatially explicit
capture-recapture (SECR) models and this is true for the recent wolverine literature as well
(Appendix 2 Table 2; e.g., Bischof et al. 2019, Barrueto et al. 2020, Mowat et al. 2020).
Differences between density and abundance estimates from traditional capture-mark-recapture
(CMR) and SECR models are likely (Obbard et al. 2010, Gerber and Parmenter 2015,
Whittington and Sawaya 2015). Because of a failure to fully account for animal movement off
the sampling grid, ad-hoc estimates of density obtained from CMR methods can be higher than
SECR density estimates (Obbard et al. 2010, Gerber et al. 2012, Noss et al. 2012, Rich et al.
2014). As an example, the grizzly bear population in southeastern British Columbia was sampled
in 2007 and the data were analyzed using CMR methods, which produced a density estimate of
55 bears/1,000 km2 (Alberta Grizzly Bear Inventory Team 2008). However, when the same data
set was reanalyzed using SECR methods, the density estimate was 33 bears/1,000 km2 or 40%
lower than the CMR results (Efford and Mowat 2014). Thus, consistency in methods is important
if comparisons between regions are desired.
There has been much effort put into developing and testing monitoring protocols for wolverine
(e.g., Mowat 2001, Fisher et al. 2013, Fisher and Bradbury 2014), although there are few actual
abundance or density estimates for Alberta (Appendix 2 Table 2). Wolverine distribution in
Alberta is limited to the Rocky Mountain, Foothills, Boreal Forest, and Canadian Shield natural
regions (Webb et al. 2013), but all Alberta-specific abundance and density estimates have
occurred only in the Rocky Mountains and Foothills regions (Appendix 2 Table 2). In the
Wilmore Wilderness Area of Alberta during the winters of 2006–07 and 2007–08, Fisher et al.
(2013) estimated wolverine density to be 6.8/1,000 km2 (CMR). Density estimates for the
foothills of westcentral Alberta were lower and ranged from 1.8 to 3.0 wolverines/1,000 km2
depending on the year sampled (CMR; 2004–2006) (Fisher et al. 2013, Appendix 2 Table 2).
While the Fisher et al. (2013) data represent the first empirical estimates for the Rocky
Mountains of Alberta, they are now approximately 15 years old. More recently, Mowat et al.
(2020) estimated the wolverine density in the Waterton/West Castle area of southwestern Alberta
to be 1.35/1,000 km2 (SECR). Further, Mowat et al. (2020) also included density estimates for
the Banff, Yoho, and Kootenay national parks region that ranged from 2.05 to 2.83
wolverines/1,000 km2 depending on the year sampled (SECR; 2011–2013). Additionally, Mowat
et al. (2020) include density estimates for the Central and South Rockies (Fig. 4 in Mowat et al.
2020). These study areas include sampling sites in both Alberta and British Columbia. Density
estimates were 1.32 wolverines/1,000 km2 and 1.33 wolverines/1,000 km2 in the Central and
South Rockies, respectively (SECR; Mowat et al. 2020). A recent density estimate for the Banff,
Yoho, and Kootenay national parks is slightly higher at 3.0/1,000 km2 (SECR; Barrueto et al.
2020). The Barrueto et al. (2020) data uses a subset of the full data set analyzed by Mowat et al.
(2020).
Although there is decent data coverage for the Rocky Mountain region, notably missing is an
abundance estimate for the Boreal Forest Natural Region of the province. We attempted to
estimate density for the Birch Mountains area using ACA data from 2016–2017 (see Appendix 1
for details), but encountered some difficulties as a result of low precision and trap-specific
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behavioural response, and the density estimate using SECR methods (1.4/1,000 km2) should be
interpreted cautiously. Dr. Matt Scrafford and colleagues have collected a substantial data set of
over 50 wolverines detected over three winter field seasons in the boreal forest (Scrafford et al.
2017, 2018, Scrafford and Boyce 2018), and they are currently working on estimating wolverine
density and abundance in the Rainbow Lake area (M. Scrafford, personal communication). It is
not clear, however, from the published literature what their detection histories and recapture rates
might look like. Further, similar to the Birch Mountains study area, their trapping array was
small relative to the scale of movement of their collared wolverines (Scrafford 2017, Scrafford et
al. 2017); the MCP bounding the live trap locations was 2,380 km2 (Scrafford et al. 2017). Thus,
an analysis of these data using SECR might encounter similar problems to those described in
Appendix 1. Regardless, given the lack of density and abundance estimates for the boreal forest,
it will be important to incorporate information from their estimates into wolverine management
and conservation once the estimates are available.
Another option we considered was to explore the data collected by Webb et al. (2017), originally
intended to assess habitat features associated with wolverine occupancy. Webb et al. (2017)
operated run poles within randomly selected 10-km x 10-km township grid cells on registered
traplines in the boreal forest. Run poles were checked every two weeks to refresh bait, download
pictures, and collect hair samples during the winters from 2013–2016 (Webb et al. 2017). These
methods are markedly similar to other wolverine studies that have estimated abundance. Both
Lofroth and Krebs (2007) and Mowat et al. (2020) used one to two sampling stations (noninvasive hair collection) within each 10-km x 10-km grid cell overlaid across their study areas.
Similarly, Inman et al. (2012) used one sampling station per 12-km x 12-km grid cell over their
study area. The key difference is that Webb et al. (2017) generally only selected two random
cells per trapline and there was often substantial distance between participating traplines. For
example, the average distance between sampling locations during the 2015–16 field season was
280.9 km. Webb et al. (2017) predicted that the best wolverine habitat in the boreal region
occurred north of the 56th parallel where road densities are lower, forests are more conifer
dominated and climates are cooler. Indeed, more wolverines were detected north of the 56th
parallel (Webb et al. 2017). Thus, although the Webb et al. (2017) study was designed to identify
habitat variables associated with occupancy, it seemed possible to analyze the detection data in a
SECR framework, potentially using only the data north of the 56th parallel. However, we
investigated this option and it does not appear feasible. Most detections from the Webb et al.
(2017) data occurred during the 2015–16 season, and all detections of individuals occurred at the
same site, so there is no spatial movement. In this case, the randomly selected sampling stations
are too far apart relative to the spatial movement of wolverines and without redetections at
different locations SECR is not able to estimate the sigma parameter. We investigated other
years with fewer detections as well and occasionally an individual was detected at a different
site, but it was always within the same trapline and occurred rarely. Thus, a density estimate
from these data does not appear feasible.
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Differences in both field and analysis methods make comparisons of wolverine densities across
different studies difficult and should be interpreted cautiously (Appendix 2 Table 2). While there
are currently no reliable Alberta-specific density estimates for the boreal region, studies from
boreal forests in Ontario and Scandinavia suggest similar density estimates of 1.4/1,000 km2 and
1.74/1,000 km2, respectively ([CMR] COSEWIC 2014; [open-population spatial capturerecapture] Bischof et al. 2019).
3.2
Objective 2: An evaluation of whether the available data allow for a provincial
population and trend estimate over the last 5-10 years
Currently, there is no reliable population estimate available for the Boreal Forest Natural Region
of Alberta, even though Alberta’s wolverine distribution largely occurs in this region. While
recent work by the Alberta Conservation Association and the University of Alberta has provided
updated information on wolverine habitat ecology in this region (e.g., Jokinen et al. 2019,
Scrafford and Boyce 2018, Scrafford et al. 2017, 2018, Webb et al. 2017), none of the studies
were designed to estimate population size. Abundance data, however, are available for the Rocky
Mountain and Foothills natural regions (Fisher et al. 2013, Mowat et al. 2020). Though as
mentioned previously, the Fisher et al. (2013) data are now 15 years old. Heim et al. (2017) used
non-invasive genetic sampling and remote trail cameras to estimate wolverine occupancy in the
Banff, Yoho, and Kootenay national parks and adjacent Kananaskis Country, and some of these
data have been used by other scientists to estimate density. The Banff, Yoho, and Kootenay
national parks data used by Heim et al (2017) were also used in the Mowat et al. (2020) and
Barrueto et al. (2020) papers, and both author groups have used these data from 2011 through
2013 to estimate density. Further, Mowat et al. (2020) include density estimate for the Central
and South Rockies, and while most of the sampling in these areas occurred in British Columbia,
there were some sampling locations in Alberta. Thus, while not necessarily Alberta-specific,
there are several data sets for the Rocky Mountains from Banff National Park south to the border
with the United States.
Population estimates for the entirety of the Rocky Mountain region, however, would require
extrapolating beyond the areas studied. Much research exists on the relationship between habitat
selection and abundance (e.g., Boyce and McDonald 1999, Boyce et al. 2016). For most species,
habitat is the primary driver of distribution and abundance (Boyce et al. 2016). Habitat selection
can be defined as the probability that when a resource unit is encountered, it will be used by the
animal (Lele et al. 2013). Habitat selection patterns can be described by resource selection
functions (RSFs), which are proportional to the probability of use of a resource unit (Manly et al.
2002). Boyce and McDonald (1999) associated abundance with RSF scores and used this
information to extrapolate abundance estimates to unsampled areas. This RSF approach has been
used to estimate abundance for several species including black bears (Loosen et al. 2019), grizzly
bears (Boyce and Waller 2003), wolves (Mladenoff and Sickley 1998), Amur leopards
(Hebblewhite et al. 2011), and wolverines (Inman et al. 2013). A different approach to linking
abundance to habitats was used previously in British Columbia (Lofroth and Krebs 2007).
Lofroth and Krebs (2007) used empirically derived wolverine density estimates in combination
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with a habitat quality rating system developed using wolverine distribution, human development
data, and ecosystem mapping to create a predictive model of wolverine distribution and
abundance at a provincial scale (Lofroth and Krebs 2007).
Thus, using some method of a habitat-based extrapolation in Alberta could potentially allow for
a coarse population estimate in the northern portion of the Rocky Mountain region. As noted
previously, abundance data are available for more southern portions of the Rocky Mountain and
Foothills natural regions (Fisher et al. 2013, Barrueto et al. 2020, Mowat et al. 2020). Habitatbased extrapolations of abundance estimates require a reference population, and that reference
population should be at or near carrying capacity (Boyce and McDonald 1999, Boyce et al.
2016). Often protected areas such as national parks are used as a reference area (e.g., Boyce et al.
2016, Loosen et al. 2019). Within Alberta, density estimates exist for Waterton Lakes National
Park (Mowat et al. 2020), Banff, Yoho, and Kootenay national parks (Barrueto et al. 2020,
Mowat et al. 2020), and the Wilmore Wilderness Area (Fisher et al. 2013), and these protected
areas could potentially serve as a reference population if the assumption is made that they are at
or near carrying capacity. Telemetry data from collared individuals are commonly used to
develop RSF models, but to our knowledge, wolverine telemetry data are not available for any of
these areas. Though commonly used, telemetry data are not required to develop an RSF (e.g.,
Loosen et al. 2019), but the scale of sampling within these areas might be too sparse (e.g., 1
sampling location/10-km x 10-km grid cell; Mowat et al. 2020) to develop a reasonable RSF,
which is required by the Boyce and McDonald (1999) method. The Lofroth and Krebs (2007)
method would be another option to consider. If habitat-abundance extrapolation methods are
explored, we recommend all available data be reanalyzed using SECR models to ensure
consistency between study areas before any extrapolation or additional modeling takes place.
Perhaps the most continuous data set available for Alberta is wolverine harvest records. The
previous status report indicated that wolverine harvest showed a pronounced decline in the
number of pelts harvested from the northwest region of the province, though other regions
showed no discernable trend (Peterson 1997). However, as more recent data were evaluated, the
trend shifted. Between 2000 and 2011, the wolverine harvest more than doubled in the
northwestern boreal region and increased by 47% in the northeastern boreal region as compared
to data from 1989–1999 (Webb et al. 2013). Within Alberta, the majority of harvested
wolverines come from the northwestern boreal region of the province (Webb et al. 2013).
Although Poole and Mowat (2001) show that the density of harvest locations decreased over
time from 1977–1999, they also suggest that the wolverine abundance index based on harvest
and pelt price has increased over time. However, they note that their abundance index is certainly
biased and emphasize the need for a corrected harvest data set, use of local population data, and
finer scale analysis (Poole and Mowat 2001). Indeed, harvest records are not necessarily a good
reflection of population trend. For example, harvest data from pelt export records might not
account for pelts that are used locally (Peterson 1997, COSEWIC 2004). Further, wolverine pelt
price, other fur-bearing species pelt price, weather, furbearer abundance, changes in access,
health, work schedules, and rising average income can all affect trapper effort, which would in
turn affect harvest records (Peterson 1997, Mullen 2006, Webb et al. 2013).

6

In short, while numerous studies on wolverine have been conducted since the last status
assessment, the data on population size within the province remains limited. As discussed in the
preceding paragraphs, some extrapolation techniques might allow for coarse estimates at the
provincial level, but there are limitations to these options. In particular, there are currently no
robust population estimates for the boreal region even though this makes up the vast majority of
the wolverine distribution in Alberta. There are no available data to provide a population trend
estimate. As discussed above, harvest records can provide an index of harvest and changes in the
distribution of harvest, though these records are largely influenced by trapper effort which is not
currently measured.
3.3
Objective 3: An assessment of knowledge gaps and list of information needed to
answer further questions about wolverine population size and trend within Alberta
In ideal circumstances, there would be a population estimate for each region of Alberta, similar
to what is done for Alberta’s grizzly bears (Alberta Sustainable Resource Development 2008,
Alberta Environment and Parks 2016). Recognizing that such an effort is likely not feasible
given budget constraints, we have focussed on identifying current knowledge gaps and
information that could help fill those gaps. Based on our review of the literature, we have
outlined several knowledge gaps that should be addressed to answer questions about wolverine
population size and trend within Alberta.
3.3.1

Boreal Forest Population Estimate

Notwithstanding the data presented in Appendix 1 from the Birch Mountains, there isn’t a
reliable estimate that is representative for the entire Boreal Forest Natural Region of Alberta at
this time. As discussed under Objective 1 above, work is apparently underway to estimate
wolverine density and abundance in the Rainbow Lake area. Although as mentioned, the
Rainbow Lake study area is relatively small and may not be representative of the broader region.
If a robust and representative density estimate is not completed, ideally, a project specifically
designed to estimate wolverine density and abundance in the boreal forest would be
implemented. We recommend the use of the program secrdesign to simulate different sampling
designs. This program allows the user to evaluate different sampling designs and determine the
sampling effort required to achieve a density estimate with the desired relative standard error,
while also considering logistical constraints.
3.3.2

Rocky Mountains/Foothills Population Estimate

As discussed under Objective 1 above, there are Alberta-specific population estimates for the
Wilmore Wilderness Area and surrounding foothills, as well as the Castle/Waterton Parks area in
southwestern Alberta (Fisher et al. 2013, Mowat et al. 2020). Mowat et al. (2020) and Barrueto
et al. (2020) provide density estimates for the Banff, Yoho, and Kootenay national parks.
Further, Mowat et al. (2020) also estimated density for the Central and South Rockies, which
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included some sampling locations in Alberta. Mowat et al. (2020) and Barrueto et al. (2020) used
SECR to analyze their data. In order to provide the most consistent comparison, ideally the
Fisher et al. (2013) data would be re-analyzed using a SECR framework. These data could then
be extrapolated beyond their study areas based on habitat associations to provide a rough
estimate for the Rocky Mountain and Foothills natural regions.
Obtaining a population estimate for the province, while helpful, provides only a snapshot in time.
Repeated surveys would be required to obtain a provincial trend estimate.
3.3.3

Harvest Data

Harvest data have the potential to provide a cost-effective option for long-term monitoring of
wolverine populations. However, without a measure of trapper effort, the trends in harvest data,
both in terms of the number of harvested individuals as well as the distribution of the harvest, are
not necessarily reflective of trends in the wolverine population. The Alberta Conservation
Association is currently working with the Alberta Trappers’ Association to explore options to
evaluate trapper effort. This information will help improve the quality of the harvest data.
Additionally, by collecting age-at-harvest data, the utility of this data set would be further
expanded. Techniques such as statistical population reconstruction and integrated population
models can use harvest data to estimate the abundance of harvested populations (Skalski et al.
2011, Clawson et al. 2016), but they require an estimate of age at harvest as well as trapper
effort. Currently, Alberta trappers are required to register harvested wolverines but no data on
effort or age class are obtained. Over time, if enough effort and age class data can be collected
this may allow for population trend to be documented at a much lower cost than intensive field
efforts to estimate abundance.
3.3.4

Provincial Distribution

Although not necessarily a knowledge gap, using an occupancy framework to establish a
baseline estimate of wolverine distribution across the province could provide a starting point
against which to evaluate future changes in wolverine distribution (Lukacs et al. 2020), and
could be indicative of changes to wolverine status (IUCN 2012). Recently, a large-scale study of
wolverine occupancy was completed in the continental United States, and this work was the first
monitoring program to be completed at the scale at which the wolverine population in the
western United States operates (Lukacs et al. 2020). Lukacs et al. (2020) developed a repeatable
framework for monitoring wolverines and used that framework to provide a robust estimate of
current wolverine distribution. Occupancy modeling has been used to monitor multiple species in
Alberta, including wolverines (Whittington et al. 2014, Steenwig et al. 2019). Monitoring
changes in occupancy might be more cost-effective than monitoring changes in density and
abundance because only presence (rather than individual identification) is required. Similarly,
SECR models require redetections of individuals at different spatial detectors to estimate sigma,
whereas occupancy models only require presence/absence data. Thus, the required sampling
intensity might differ between objectives (i.e., estimating occupancy vs. density). As with any
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monitoring effort, ideally an a priori power analysis would be completed to determine the level
of sampling needed to estimate occupancy and maximize the use of research dollars. Finally,
Lukacs et al. (2020) were able to incorporate citizen science into their occupancy mapping
(though not the occupancy analysis itself), which provided an opportunity for other groups to
engage with the research effort.
4.0

CONCLUSION

The wolverine is considered Data Deficient in Alberta. Alberta uses criteria developed by the
International Union for Conservation of Nature (IUCN) when assessing species’ status. IUCN
status designations are determined using a variety of criteria including a declining population
size, extent of (and changes to) geographic range (e.g., extent of occurrence, or area of
occupancy), a determination that population size is small and/or restricted, or a quantitative
analysis on the probability of extinction (IUCN 2012). Alberta’s designation of Data Deficient is
used when the available data are inadequate to determine the degree of threat faced by the
species. Since the last status assessment in 2000, several wolverine studies have been completed
in Alberta and more information is now available. While data on population trends are missing,
abundance estimates for some areas of the province along with new information on harvest
trends, areas of occupancy and occurrence, as well as wolverine habitat ecology and response to
anthropogenic change will provide information that will be useful for an updated status
assessment. Data gaps that continue to exist include a current abundance estimate for the
northern portion of the Rocky Mountains and Foothills, a reliable abundance estimate for the
Boreal Forest Natural Region, and information on population trend across the province.
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directly below the bait (Webb et al. 2017). As a wolverine attempted to get the bait, it would
expose its entire chest to a motion-triggered remote camera which was placed in a manner to
capture this view (Magoun et al. 2011, Webb et al. 2017). There were 14 run poles in operation
during the study period.
Log cabin style traps were used to live-trap wolverines for the purpose of fitting them with GPS
radiocollars following methods established by Copeland et al. 1995. At each trap there were two
motion-triggered cameras placed to capture individuals that visited the site. Camera trap placement
allowed for the identification of individuals. Between November 2016 and March 2017, three
female and four male wolverines were trapped and fitted with radiocollars (Figure 2). However,
the collar on one of the females never worked; no data were collected, and the collar was removed
from the animal. There were 17 trap locations in operation during the study period.
Camera trap images from both traps and run poles were reviewed to identify unique individuals.
The end result was a file that contained detections of both known and unknown individuals
specific to each site. Only individuals that could be identified were included in the analysis. These
camera trap results formed the basis of the capture histories as described in the next section.
1.3

Analysis Methods

I analyzed wolverine encounter histories using spatially explicit capture-recapture (SECR) to
estimate density and abundance (Efford et al. 2004, Borchers and Efford 2008, Efford and
Fewster 2013). The use of SECR models is rapidly becoming the preferred method of density
estimation in the literature. SECR models offer several advantages over traditional capturerecapture methods; they automatically account for capture heterogeneity, are more robust to the
closure violation, directly incorporate detection locations, and allow for geographically specific
abundance estimates (Efford et al. 2009, Obbard et al. 2010, Efford and Fewster 2013). SECR
models fit an observation model and state model to spatial detection histories (Efford et al. 2009,
Efford and Fewster 2013). The observation model describes the decaying relationship between
detection probability and the distance between an individual’s home range center and the trap
location. The state model uses a spatial Poisson point process where the intensity of points is
equivalent to the density of home range centers.
The observation model estimates two parameters, g0 and σ. The parameter g0 describes the
detection probability at the animal’s home range center (Efford et al. 2004, 2009). The
parameter σ is a spatial scale parameter and describes the area over which an animal can be
detected (Efford et al. 2004, 2009). The state model estimates a single parameter, density (D)
(Efford et al. 2004, 2009). I used a half-normal detection function to fit each model. Because the
number of individuals detected was small, I did not model the sexes separately; this was
consistent with other wolverine literature (e.g., Lofroth and Krebs 2007, Royle et al. 2011,
Fischer et al. 2013). Further, other research has shown that combined sex models often yield
density estimates that are nearly identical to density estimates from sex-specific models (Mowat
et al. 2020).
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Similar to other camera trap studies (e.g., Royle et al. 2011, Jůnek et al. 2015, Sirén et al. 2016), I
considered each 24-hour period a single occasion. Thus, in total from November 11, 2016 through
March 30, 2017 there were 140 occasions. Not all cameras were in operation on any given
occasion, and in those instances, sites were coded as “0” in the usage column of the capture
history files. I removed repeat detections at the same camera trap during the same occasion.
I used a buffer around all trap locations to define the area of integration (i.e. the habitat mask)
for the SECR models. Density estimates are robust to the size of the mask provided the area of
integration is sufficiently large (Efford and Fewster 2013, Royle et al. 2014). The area of
integration needs to be large enough such that animals outside of this area have a negligible
probability of detection (Efford and Fewster 2013, Royle et al. 2014). There are several ways to
determine an appropriate buffer size. One option is to use a buffer size that is 3 times the root
pooled spatial variance (RPSV), which is a measure of the 2-dimensional dispersion of animal
detection locations and a simple measure of animal home-range size (Efford 2019). Alternatively,
the suggest.buffer function in the secr package in program R will suggest an appropriate buffer
size (Efford 2019b). The buffers suggested by these two methods were similar, ~30 km. I
compared the suggested buffers to buffers used in recently published papers that also used SECR
models; both papers used a buffer size of 40 km (Royle et al. 2011, Mowat et al. 2020). To error
on the side of caution, I went with the larger buffer of 40 km around all trap locations. I used a
mask spacing of 2,500 m. Royle et al. 2011 used both a 2 km and 8 km mask spacing and found
similar results, and consequently used the 8 km grid spacing because of the computational
efficiencies. However, density estimates are more sensitive to mask spacing when detections are
few (Boulanger et al. 2018). To be conservative, I used a mask spacing of 2,500 m. I also ran a
post-hoc analysis on the top model using the mask.check function in secr to ensure that different
buffer and spacing sizes did not substantially influence model results.
I included several detection covariates to help improve model fit. Because each camera trap site
was baited, it is reasonable to expect that a wolverine would have repeat detections at a site
where they were previously detected. Thus, I included a trap-specific behavioral response (bk)
on the detection parameter. Other wolverine studies have also found a trap-specific behavioral
response (Mulders et al. 2007, Royle et al. 2011, Mowat et al. 2020). To evaluate any potential
difference between run pole and trap cameras, I included trap type as a covariate. I also included
a time trend over occasions (T) because detection success for wolverines can vary throughout
the winter season (Royle et al. 2011, Fisher et al. 2013, Mowat et al. 2020). The change in
detection probability over occasions might better have been modeled as an occasion-specific
factor (t in secr) but the small sample size and large number of occasions did not allow for
fitting such models. The number of covariates that can be fit simultaneously is limited. For
example, AICc is undefined when (n-Npar-1) ≤ 0 (i.e. when the number of parameters in the
model exceeds the number of detected individuals minus one) (Burnham and Anderson 2002).
Thus, the small sample size in this data set did not allow for the fitting of complex models.
I used Akaike’s Information Criterion adjusted for small sample sizes (AICc) (Burnham and
Anderson 2002) to identify the most parsimonious model (i.e., the model with the lowest AICc
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score). I used program R (version 3.6.2, https://www.r-project.org/) and package secr (version
4.1.0, http://www.otago.ac.nz/density/SECRinR.html) for all analyses.
Using the top model, I derived an abundance estimate for the study area. Abundance estimates
derived from SECR models represent the estimate of individuals that have home range centers
within the study area. Thus, it is possible that additional wolverines used the Birch Mountains
study area but did not have their home ranges centered within the study area and, therefore, are
not counted in the estimates of density and abundance (Morehouse and Boyce 2016).
1.4

Results

There were 31 camera trap locations (14 run poles, 17 traps) operated during the study period for a
total of 140 occasions. The number of camera sites in operation in any given occasion ranged from
5 through 31, with 28 sites in operation on average per occasion. Within the study area, there were
77 detections of 7 individuals, 3 females and 4 males (Figure 3). Most wolverines were detected
for the first time in either November or December, occasions 1 through 51 (Table 1). The number
of detections per occasion generally increased throughout the sampling period with the exception
of few detections in February, occasions 83-110 (Figure 4). The number of individual wolverines
detected in any given occasion ranged from 0 to 3.
The top model included a trap-specific behavioural effect on g0 (Table 2). The top model (D~1
g0~bk sigma~1) estimated a wolverine density in the Birch Mountains study area of 0.58/1,000
km2 (95% CI 0.27 – 1.24) (Table 3). From this density estimate, I derived an abundance estimate
for the Birch Mountains study area of 1.14 wolverines (95% CI 0.53 – 2.47) (Table 3). Detection
probability was higher for previously detected individuals (bk1) (Table 3, Figure 5).
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Table 2: AICc model selection results for wolverines in the Birch Mountains study area using 2016–17 data.
K = the number of parameters, LL = log likelihood, AICc = Akaike Information Criterion for small samples
sizes, ΔAICc = the difference in AICc values between the model and the most supported model for each
stage, wi = model weight for each stage.

Model
K
LL
AICc
∆AICc wi
D~1 g0~bk sigma~1
4 -387.084 802.167
0
1
D~1 g0~bk + T sigma~1
5 -385.219 840.439 38.272 0
D~1 g0~bk + Type sigma~1 5 -386.088 842.176 40.009 0
D~1 g0~bk sigma~Type
5 -386.544 843.088 40.921 0
D~1 g0~b sigma~1
4 -440.664 909.328 107.161 0
D~1 g0~1 sigma~1
3 -454.809 923.618 121.451 0
D~1 g0~T sigma~1
4 -452.82 933.64 131.473 0
D~1 g0~Type sigma~1
4 -453.366 934.732 132.565 0
D~1 g0~Type sigma~Type 5 -453.357 976.714 174.547 0

Table 3: Real parameter estimates for the most parsimonious model for wolverines in the Birch Mountains
Study Area. Data are from 2016–17. Detection probability (g0) is given for initial detection (bk0) and for
previously detected individuals (bk1). Σ is reported in kilometers. Expected number of home-range centers
(N) and associated confidence intervals for the Birch Mountains Study area are also reported. Abundance
estimates are derived from the most parsimonious model.

Density
(wolverines/1,000 km2)

SE

95% CI

g0 (SE)

σ (SE)

MCP
Expected N

95% CI

0.58a

0.23

0.27 –
1.24

bk0: 0.004 (0.002)
bk1: 0.194 (0.068)

24.49
(3.47)

1.14

0.53 –
2.47

model = D~1 g0~bk sigma~1

a
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Table 5: Effect of mask buffer width on density estimates for the most parsimonious model, D~1 g0~bk
σ~1 as well as the null model, D~1 g0~1 σ~. Mask spacing was held constant at 2500 m. Model log
likelihood (LL) and standard error (SE) are also reported.

Buffer Width
(km)

LL

Density
(wolverines/1,000 km2)

SE

m2, D~1 g0~bk σ~1

30
40a
50

-386.63
-387.08
-387.58

0.80
0.58
0.44

0.32
0.23
0.18

m0, D~1 g0~1 σ~1

30
40a
50

-454.81
-454.81
-454.81

1.40
1.40
1.40

0.56
0.56
0.56

Model

a

actual buffer width used in models

The effect of buffer width on the density estimate was a surprising result given that the buffer of
40 km exceeded the suggested buffer size. Thus, I used mask.check to evaluate the effect of
buffer size on the null model and found that density estimates were robust to buffer width in this
case (Table 5).
To further evaluate buffer width, I used the function esa.plot which provides a visualization of
changes in density as a function of buffer width. I used this function to compare the null model
(m0, D~1 g0~1 σ~1) to the most parsimonious model (m2, D~1 g0~bk σ~1). For the null model,
density estimates begin to stabilize at a buffer of approximately 25 km (Figure 6). Thus, the 40
km buffer I used is more than sufficient for this model. For the m2 model, however, density
estimates do not begin to stabilize until a buffer width of approximately 80 km (Figure 6). I
repeated the above steps on all models (i.e., those listed in Table 2), and for all models except
those that included a trap-specific behavioral effect (bk), the 40 km buffer is sufficient.

27

$#!

"#!

!"#$%&'G)'Z..&2/'-.'B+%6"3#':$..&%'?"5/0'-3'&4/">+/&5'5&34"/6'K67+C"4M'.-%'"#$'/0&'3$88'>-5&8'KD[('#F[('\[(M'+35'"%$'/0&'
>-4/',+%4">-3"-$4'>-5&8'KD[('#F[:U'\[(M;'

c!U,%3!;"0=6(E%(=!(J(.+!'*!%-(#U('%!21%'1%&!3%+,.'T!%,'.O('%,!2*U#3!,'($.#.`%!('!#(&J%&!$UWW%&!,.`%,!
W*&!O*3%#!OI!^7($#%!9_E!<%+,.'T!%,'.O('%,!,'($.#.`%3!2.'1!(!$UWW%&!*W!8M!5O!*&!1.J1%&6!$U'!,'(+3(&3!
%&&*&,!*W!'1%!%,'.O('%,!2%&%!1.J1!^7($#%!9_E!c!&%&(+!O*3%#!OI6!<nL!JMn$5!onL!2.'1!(!O(,5!'1('!
.+/#U3%3!(!HM!5O!$UWW%&!(&*U+3!'&(N!#*/('.*+,E!Z.'1!'1%!#(&J%&!$UWW%&6!'1%!O*3%#!%,'.O('%3!(!
2*#-%&.+%!3%+,.'T!.+!'1%!F.&/1!@*U+'(.+,!,'U3T!(&%(!*W!ME;LVL6MMM!5O!!^Hgh!)c!MEL9!f!SEM;_!
^7($#%!;_E!71%!,'(+3(&3!%&&*&!*W!'1%!%,'.O('%!(+3!,U$,%dU%+'!Hgh!/*+W.3%+/%!.+'%&-(#,!2%&%!#(&J%&!
2.'1!'1%!HM!5O!$UWW%&!(,!/*ON(&%3!'*!'1%!RM!5O!$UWW%&!^7($#%!;!-,!7($#%!S_E!<%'%/'.*+!N&*$($.#.'T!
2(,!1.J1%&!W*&!N&%-.*U,#T!3%'%/'%3!.+3.-.3U(#,!^8=!F6!'1*UJ1!N&%/.,.*+!2(,!N**&$^7($#%!;6!a.JU&%!;_E!
c+3%%36!/*+W.3%+/%!.+'%&-(#,!J*!'*!.+W.+.'T!,UJJ%,'.+J!'1.,!O*3%#!.,!+*'!.3%+'.W.($#%!2.'1!'1%!3('(!
^a.JU&%!;_E!!!
A+:8&'G)'Z..&2/'-.'>+4U':$..&%'?"5/0'-3'5&34"/6'&4/">+/&4'.-%'/0&'>-4/',+%4">-3"-$4'>-5&8I'D[('#F[:U'
\[(;'*+4U'4,+2"3#'?+4'0&85'2-34/+3/'+/'@]FF'>;'*-5&8'8-#'8"U&8"0--5'KTTM'+35'4/+35+%5'&%%-%'K<ZM'+%&'+84-'
%&,-%/&5;'

G8''%.!35,#J!
_YBa!

<<!

?%)25#@!
_*&+4%.5)%2`R>:::!YB!a!

"A!

;M
8M!
HM!
LMM!
LLM!

QS88EL8
QS88EL8!
QS88EL8!
QS88EL8!
QS88EL8!

ME;M
ME;L!
ME;L!
ME;L!
ME;L!

ME9S
ME9I!
ME9L!
ME9L!
ME9L!

%+!

A+:8&'H)'X&+8',+%+>&/&%'&4/">+/&4'.-%'/0&'>-4/',+%4">-3"-$4'>-5&8'.-%'?-8B&%"3&4'"3'/0&'1"%20'*-$3/+"34'
</$56'9%&+'$4"3#'+'_F'U>':$..&%'+%-$35'2+>&%+'/%+,'8-2+/"-34;'D+/+'+%&'.%->'@F(G7(H;'D&/&2/"-3'
,%-:+:"8"/6'K#FM'"4'#"B&3'.-%'"3"/"+8'5&/&2/"-3'K:UFM'+35'.-%',%&B"-$486'5&/&2/&5'"35"B"5$+84'K:U(M;'Y'"4'
%&,-%/&5'"3'U"8->&/&%4;''

?%)25#@!
_*&+4%.5)%2`R>:::!YB!a!

"A!

bWc!DF!

-:!_"Aa!

e!_"Aa!

ME;L%!

ME9L!

MEL9!f!
SEM;!

$5&[!MEMMR!^MEMMI_!
$5'[!MELgM!^MEM8R_!

LHEIS!^;EIS_!

O*3%#!s!<nL!JMn$5!,.JO(nL"

!

!"#$%&'H)'D&/&2/"-3',%-:+:"8"/6'K#FM'B&%4$4'/0&'5"4/+32&
:&/?&&3'/0&'+3">+8^4'0->&'%+3#&'2&3/&%'+35'2+>&%+'/%+,'
8-2+/"-3'K";&;'\I'/0&'4,+/"+8'42+8&'-B&%'?0"20'/0&'"35"B"5$+8
2+3':&'5&/&2/&5M'.-%'?-8B&%"3&4'"3'/0&'1"%20'*-$3/+"34'
</$56'+%&+;'A0&',8-//&5'>-5&8'"4'/0&'>-4/',+%4">-3"-$4'
>-5&8I' D[('#F[:U'4"#>+[('$4"3#'+':$..&%'-.'_F'U>'
+%-$35'2+>&%+'/%+,'8-2+/"-34;'D&/&2/"-3',%-:+:"8"/6'"4'
,8-//&5'.-%':U'S'F'K:8+2U'8"3&M'+35':U'S'('K#%&&3'8"3&M;'
D+40&5'8"3&4'+%&'/0&'_]`'2-3."5&32&'"3/&%B+84;'A0&'$,,&%'
2-3."5&32&'"3/&%B+8'.-%',%&B"-$486'5&/&2/&5'"35"B"5$+84'K:U'
S'(M'%+,"586'#-&4'/-'"3."3"/6'+35'"4'3-/'.$886'"328$5&5'"3'
/0"4',8-/;'!

!

%,!

Because the trap-specific behavioral effect (bk) appears to be causing erratic model behavior, I
re-evaluated model performance using AICc and excluding all models that included the bk
covariate. In this case, the most parsimonious model was the null model, D~1 g0~1 σ~1. Under
this model, density was estimated to be 1.4/1,000 km2 (95% CI 0.66 – 3.00) in the Birch
Mountains Study Area (Table 8). From this density estimate, I derived an abundance estimate
for the Birch Mountains study area of 2.78 wolverines (95% CI 1.31 – 5.88) (Table 8). Detection
probability was higher under the null model as compared to the bk model and confidence
intervals were tighter (Figure 8).
Table 8: Real parameter estimates for the most parsimonious model without the bk covariate (i.e. the null
model) for wolverines in the Birch Mountains Study Area. Data are from 2016-17. σ is reported in
kilometers. Expected number of home-range centers (N) and associated confidence intervals for the Birch
Mountains Study area are also reported. Abundance estimates are derived from the density model.

Density
(wolverines/1,000 km2)

SE

1.40a
0.56
a
model = D~1 g0~1 sigma~1

95% CI

g0 (SE)

σ (SE)

MCP
Expected N

95% CI

0.66 - 3.00

0.23 (0.039)

7.59 (0.58)

2.78

1.31 – 5.88

Because the sigma parameter is informed by redetections and there was a large difference in sigma
estimates between the null model and the bk model, I examined the number of detections per
individual and the number of those detections that occurred at the initial capture site (Table 9). On
average, individuals were detected at 3 traps. For several individuals (e.g., M4, M6, F2) the
majority of redetections occurred at the initial capture sites (Table 9).
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Discussion

The results indicate there is variability in model behaviour. In particular, the addition of the trapspecific behavioural response covariate (bk) is problematic. Because camera sites were baited, it is
reasonable to expect a trap-specific behavioural response. Indeed, this is often reported in the
literature (e.g., Mulders et al. 2007, Royle et al. 2011, Mowat et al. 2020), and AICc identified the
bk model as the most parsimonious model. However, post-hoc analyses revealed that the
parameter estimates from this model are likely not reliable. Below I detail some potential
explanations for the observed results.
Previous studies have found that the trapping array can influence parameter estimates (Wilton et
al. 2014). Sun et al. (2014) suggest that trap spacing should ideally be less than two times the
sigma estimate. In this data set, trap spacing was 6.4 km which follows the suggested guidelines.
In addition to trap spacing, the spatial extent of the trap array can also influence parameter
estimates. Tobler and Powell (2013) suggest that trap arrays should be at least the size of an
individual’s home range to produce unbiased results. Further, individual variation in sigma due to
biological differences (e.g., males vs. females, dispersers vs. non-dispersers) can result in biased
parameter estimates (Tobler and Powel 2013). Wolverine home range size can vary widely based
on habitat and food availability (Copeland and Kucera 1997, Nilsen et al. 2005). In the boreal
forest, wolverine home ranges tend to be large. For example, in Ontario’s boreal forest, the 95%
minimum convex polygon (MCP) for collared wolverines was 2,563 km2 for males and 428 km2
for females (Dawson et al. 2010). Similarly, in northern Alberta’s boreal forest average home
range size (100% MCP) varied between males and females as well as between dispersers vs nondispersers and ranged from 306 km2 for a non-dispersing female to 4,999 km2 for a dispersing
male (Scrafford 2017). Given this information on home range size, heterogeneity within the
species and the effect of trap array size on parameter estimates, it is likely that the spatial extent of
the trap array used in the Birch Mountains Study Area (~2,000 km2) was too small relative to the
scale of movement by individuals in the area, thereby making sigma difficult to accurately and
precisely estimate – ultimately resulting in biased parameter estimates (Tobler and Powel 2013).
Indeed, even using a 90 km buffer the sigma estimate from the bk model was large at 19.23 km
(Table 7). This is 1.7 to 4.6 times higher than other sigma estimates reported in the literature
(Table 3 in Mowat et al. 2020). If the sigma estimate is converted to a 95% home range estimate
using the equation sigma = r/2.45 (Royle 2014, Sun et al. 2014), the result is an estimated home
range size of approximately 6,973 km2 – substantially larger than mean wolverine home range
sizes reported in the literature and 3.5 times larger than the Birch Mountains trapping array.
In addition to a small trapping array, the bk covariate appears to also influence model behaviour.
Trap-specific behavioural effect (bk) models estimate two different detection probabilities: one for
animals that have never been caught (bk = 0) and one for previously caught individuals (bk = 1).
Given that there is a food reward associated with the camera sites, we would anticipate a higher
detection probability for previously caught individuals. As expected, this is the case in these data
(Table 3, Table 7). However, the detection probability for individuals that have never been caught
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(bk = 0) is an order of magnitude lower than it was under the null model (Table 3 and 7 vs Table
8). If g0 is lowered enough, then sigma is not identifiable because capture events at the detection
function tail become increasingly rare. Creating further problems is the fact that the data set
informing the sigma parameter is quite thin (Table 9). Although 77 detections of 7 individuals
initially seems sufficient (Efford et al. 2004), upon closer examination several of the redetections
occurred at the initial capture site (Table 9). For some individuals, all redetections occurred at the
initial capture site (Table 9). In these cases, there are no data to inform the estimate of sigma. If
buffer size is increased, point estimates will stabilize as seen in Table 6. However, confidence
intervals increase and behave erratically (Table 6, 7, Figure 7).
The bottom line is that all of this information suggests that the addition of the bk covariate alerts
us to important wolverine behaviour, but the model is not identifiable with the data. This is most
likely due to the order of magnitude drop in initial detection probability coupled with a trapping
array that is too small relative to the scale of movement of wolverines in this area.
Under the null model, the estimated density is low compared to density estimates from boreal
forests in British Columbia (Lofroth and Krebs 2007), though relative density is estimated to
generally be lower in Alberta compared to British Columbia (Slough 2007; also note the
discussion under Objective 1 in the body of this report re: comparing CMR and more recent SECR
estimates). The density estimate of 1.4/1,000 km2 is, however, similar to other density estimates
from montane habitats in westcentral and southwestern Alberta (Fisher et al. 2003, Mowat et al.
2020). In fact, it is nearly identical to Mowat et al.’s (2020) wolverine density estimate of 1.35
wolverines/1,000 km2 in southwestern Alberta as well as estimates from boreal forests in Ontario
(1.4/1,000 km2) and Scandinavia (1.74/1,000 km2) (COSEWIC 2014, Bischof et al. 2019).
However, the Birch Mountains density estimates have poor precision. Precision of SECR density
" ), sometimes also denoted
estimates can be measured by the relative standard error (RSE(!
" )), which is equal to the standard error of the estimate divided by the estimate (Efford and
(CV(!
" ) of <20%, though Efford and Boulanger (2019)
Boulagner 2019). An often cited target is a RSE(!
" ) of the null model for the Birch Mountains
encourage aiming for greater precision. The RSE(!
study area was 0.40, indicating poor precision. Precision of the Mowat et al. (2020) estimates were
" ) values range from 0.10 to 0.14). Thus, the null model density estimate for
much higher (RSE(!
the Birch Mountains study area should be interpreted with caution given that precision is poor and
the data suggest there is indeed a strong trap-specific behavioural effect (i.e., “trap happy”
individuals).
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APPENDIX 2: Summary of Alberta wolverine literature and relevant density estimates.
Table 1: Summary of Alberta wolverine literature published since the last status assessment (Peterson 1997). Included are publication name,
primary research theme, and main research findings. Full citation information can be found in the Literature Cited section of this document.
Publication

Theme

Alberta Biodiversity
Monitoring Institute 2018

habitat ecology

Barrueto et al. 2020

population
assessment

Main Findings
• Wolverine occurs in boreal forest, foothills, and rocky mountain natural regions
• Detected too few times to create complex habitat association models
• Non-invasive genetic sampling in Banff, Yoho, and Kootenay National Parks in 2011 and 2013
• Used spatial capture-recapture models to estimate wolverine density of 3.3 and 3.0 wolverines/1,000 km2 in 2011
and 2013 respectively

Brodie and Post 2010

trapper harvest

• Snowpack has strong nonlinear effects on wolverine population dynamics
• Wolverine harvest strongly correlated with decline in snowpack
• In Alberta significant decline in mean spring snowpack depth from 1968 to 2004
• Reported number of wolverines harvested annually in Alberta has also declined from 1970 to 2004

Clevenger 2013

habitat ecology,
genetics

• Monitored highway crossing structures in Banff 1996 to 2012
• Wolverines detected using crossing structures 10 times, 9 at underpass and 1 at overpass
• Few conclusions can be made because data are so sparse

Fisher 2003

population
assessment

• Year-end report for first year of wolverine study in boreal and montane Alberta
• Recommend each sampling session should be at least 30 days and should run from October through March
• Snow tracking was the most effective method for detecting wolverine but was also the most susceptible to
environmental variation. They do not recommend snow tracking as a stand-alone monitoring protocol.
• Data were too sparse to provide statistical comparisons between wolverine abundance in the Grand Cache and
Chinchaga areas, but there were many more tracks observed in transects surveyed in Grand Cache than in
Chinchaga

Fisher 2004

population
assessment

• Year-end report for wolverine monitoring in the foothills of Alberta
• Monitored wolverines using non-invasive genetic sampling and remote trail cameras
• Detection rates for wolverines were very low
• Data are preliminary, but wolverine density in foothills might be as low as 1 wolverine per 300 km2
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Appendix 2 Table 1 cont.:
Publication

Theme

Fisher and Bradbury 2014

population
assessment

Fisher et al. 2013

population
assessment

Heim et al. 2017

habitat ecology

Jokinen et al. 2019

habitat ecology

Kyle and Strobeck 2001

genetics

Main Findings
• Detection error from various sources can bias non-invasive genetic tagging (NGT) occupancy estimates
• Recommend that NGT studies quantify and correct for detection error using independent survey methods
• Used cameras and hair snags in Wilmore Wilderness study area
• Cameras were more likely to detect wolverines than hair traps
• Detection error is not a problem if detection probabilities are modeled
• Study of wolverine abundance in Wilmore Wilderness and foothills area
• Wolverines more abundant in areas protected from anthropogenic development and less likely at sites with oil and
gas exploration, forest harvest, or burned areas
• Estimated density of 6.8 wolverines/1,000 km2 in Wilmore Wilderness study area and 3 wolverines/1,000 km2 in
2004-5 and 1.8 wolverines/1,000 km2 in 2005-6 in foothills study area
• Persistent spring snow cover and anthropogenic landscape change are significant predictors of wolverine
distribution
• Wolverine population declines and range shifts likely result from climate change and landscape changer operating
together
• Study took place in Banff, Yohoo, and Kootenay National Parks and Kananaskis Country
• Examined denning structures of wolverines in lowland boreal forest
• Females used locally available denning structures despite lack of deep snow, persistent spring snow cover or large
boulders as documented in previous literature
• Provides evidence that wolverines are adapted to exploiting low productivity environments and are not always
dependent on snow covers as previously documented
• Genotyped 461 individuals to look at genetic structure of wolverines from northwest Alaska to eastern Manitoba,
but no samples from Alberta or Saskatchewan
• Wolverines from southern regions were anthropogenic factors are strongest had more genetic structuring than
more northern populations
• Populations that are exposed to fewer anthropogenic factors might have more gene flow among them
• Populations in areas of more disturbance seem to be greatly dependent on large areas of undisturbed habitat and
corridors
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Appendix 2 Table 1 cont.:
Publication

Theme

Kyle and Strobeck 2002

genetics

Mowat 2001

population
assessment

Mowat et al. 2003

population
assessment

Mowat et al. 2020

population
assessment

Sawaya et al. 2019

genetics

Main Findings
• Builds on data set from Kyle and Strobeck 2001, includes samples from Grand Cache area in Alberta and one area
in Saskatchewan
• High levels of gene flow among all northern wolverine populations studied
• Observed increasing genetic structure at periphery of southern and eastern distribution, and these may have been
partially fragmented from what was at one time a panmictic unit
• Provides a review of methods available for the inventory of wolverine populations
• Concludes that non-invasive hair sampling (which was a new technique at the time) is likely the best method to
estimate density and abundance
• Tested the box trap, wire hair corral, and rub pad methods for wolverine population inventory described in Mowat
et al. 2003 in west central and central Alberta
• Box traps and wire hair corrals collected hair samples, but rub pads do not appear to work for detected wolverines
• Wolverine detection rates were very low and no population estimates were produced
• Large scale population inventory of wolverines in southeastern British Columbia and southwestern Alberta
• Estimated density using non-invasive genetic sampling and spatially explicit capture-recapture (SECR) data
• Across the study area wolverine density averaged 2 wolverines/1,000 km2 and was positively related to snow
cover and negatively related to road density
• Estimates pertinent to Alberta include:
ü Waterton/ West Castle 1.35 wolverines/1,000 km2 using 2014 data
ü Banff, Yoho and Kootenay National Parks 2.83 wolverines/1,000 km2 using 2013 data
ü Central Rockies 1.32 wolverines/1,000 km2 using 2015 data
ü South Rockies 1.33 wolverines/1,000 km2 using 2016 data
• Used population and individual-based genetic analyses to examine genetic structure across the Trans-Canada
Highway in Banff, Kootenay, and Yohoo National Parks and surrounding provincial lands
• Collected 2,586 genetic samples from 2010-13 and identified 49 individuals
• Detected ample male movement across the Trans-Canada Highway and a lack of genetic differentiation, but
female wolverines were highly structured by the highway
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Appendix 2 Table 1 cont.:
Publication
Scrafford and Boyce 2018

Scrafford et al. 2017

Scrafford et al. 2018

Scrafford et al. 2020

Theme

Main Findings
• Used GPS radiocollars to investigate temporal patterns of wolverine foraging on large prey (ungulate scavenging
or beaver predation) in the boreal forest near Rainbow Lake
foraging ecology • Wolverines encountered large prey more in the spring and spent less time at large prey events in the summer than
in the winter
• The time spent at prey events increased when other wolverines were in the area
• Used an RSF to analyze wolverine habitat selection patterns during summer and winter in the boreal forest near
Rainbow Lake, focussing on logging areas, cutblocks, seismic lines, roads and borrow pits
• Wolverines were attracted to logging areas. The authors suggest this might be because logging areas provide
foraging opportunities and movement routes for wolverines
• Wolverines avoided low-traffic winter roads in summer and winter, and the authors attribute this to the risk of
habitat ecology predation from wolves that used the roads for movement
• Wolverines were attracted to all season road sections with borrow bits
• Wolverines were attracted to seismic lines, but note that the age of the feature is important
• Industrial development can increase the abundance of large prey and predators, which might increase wolverine
mortality
• One wolverine den was found in a slash pile and one den was found in a log deck
• Used integrated step selection analysis to evaluate wolverine use of industrial roads in boreal forest (Rainbow Lk)
• Top models indicate that wolverines avoided and increased speed near roads
habitat ecology • Wolverine movement but not avoidance increased with traffic volume
• Show that roads, regardless of traffic volume, reduce quality of wolverine habitats and higher-traffic roads might
be deleterious
• Primary objective was to evaluate beaver use of borrow pits in the Rainbow Lake area of Alberta
• Also noted that wolverines used borrow pits as hunting grounds for beavers
habitat ecology
• Documented a wolverine den within a beaver lodge at a borrow pit
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Appendix 2 Table 1 cont.:
Publication

Scrafford 2017

Steenwig et al. 2019

Stewart et al. 2016

Webb et al. 2013

Theme

habitat ecology

occupancy
monitoring

Main Findings
• PhD dissertation, all chapters but one have been published. Notes in this section pertain only to Chapter 4 as other
chapters are covered by published papers
• Examined wolverine dispersal movements
• Space use differed when a wolverine was in its home range versus dispersing
• Male wolverines stopped to rest and forage more during dispersal and selected for landscape features that are
important to movement efficiency
• Average home range size of resident wolverines (i.e. non-dispersal) was 306 km2 for females and 951 km2 for
males
• Average home range size for dispersing wolverines was 1,153 km2 for females and 4,999 km2 for males
• Used remote cameras placed across 5 national parks in the Canadian Rockies (Jasper, Banff, Yoho, Kootenay, and
Waterton) to test for difference in ability of large-scale monitoring program to detect changes in occupancy for 13
different mammal species – including wolverine
• No bait or lure was used. Cameras were placed on human or wildlife trails, often near trail junctions and/or bear
rub trees
• Wolverines had low detection probability and because of this there was low statistical power to detect trends in
wolverine occupancy
• Power to detect changes in wolverine occupancy could be improved if detection probability was increased by
using lure/bait or complimentary survey techniques

behaviour

• Used camera images from previous studies to quantify behaviour
• Considered 4 behaviours: probability that detected wolverine would climb bait tree, time in minutes of wolverine
to show up at site, time in minutes for wolverine to climb bait tree given that it climbed, total time spent at site
• Wolverines behaved differently in heavily modified landscapes
• Hypothesize that behavioural constraints might indicate an increase in perceived risk in human-modified
landscapes

trapper harvest

• Evaluated long-term wolverine harvest trends
• The number of registered traplines harvesting a wolverine in a year and the average number of harvested
wolverines has increased since the early 1990s
• Despite lack of consisted spring snow cover, wolverine harvest on some traplines in boreal forest was moderately
high
• Observed high spatial and temporal overlap between lynx and wolverine harvest
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Appendix 2 Table 1 cont.:
Publication

Webb et al. 2016

Webb et al. 2017

Webb et al. 2019

Whittington et al. 2015

Wright and Ernst 2004

Theme

Main Findings

trapper harvest,
habitat ecology

• Evaluated relationship between wolverines and snow cover using camera traps and long-term fur harvest data
• Wolverine harvest was highest in northwest boreal forest
• Mean wolverine harvest density increased by 75% from the 1990s to 2000s in the northwest boreal forest
• Female wolverines in the Rocky Mountains were located in townships with high amounts of spring snow cover,
but females in the boreal forest were located in townships with no spring snow cover. The authors suggest that data
from the Rocky Mountains and boreal forest be considered separately when drawing conclusions
• Wolverines may be more flexible in distribution than previously thought

trapper harvest,
habitat ecology,
genetics

• Evaluated broad scale distribution and habitat associations of wolverines using long-term fur harvests, trappers
questionnaires, and field data
• Wolverine occurrence was positively associated with undeveloped forest, deeper winter snow depths, and cooler
theoretical temperature index but negatively associated with density of roads and oil and gas wells
• In the boreal forest, the best habitat was predicted to be north of the 56th parallel where road densities are lower,
forests are more conifer dominated, and climate is cooler
• Identified 56 different wolverines 2013-16, and genetic data revealed 5 wolverine haplotypes, all previously
observed in other studies from western United States and Canada

trapper harvest

• Collaborated with the Alberta Trappers Association to distribute a survey about wolverine sign, harvest history,
and opinions about population trend
• Trapper observations of wolverines were associated with cooler climates and less anthropogenic disturbance
• The authors hypothesize that wolverine's in the boreal forest are not limited by late spring snow distribution and
that anthropogenic disturbance plays a bigger role than climate in the distribution of wolverines in Alberta

occupancy
monitoring

habitat ecology

• Compared four different occupancy models within Banff National Park
• Developed occupancy models that combined spatially and temporally replicated data and applied them to snow
tracking surveys of six species, including wolverine
• Despite low detection probability, found that snow tracking could be used to monitor trends of wolverine
occupancy
• Examined caches and rest sites in the boreal upland forests of northwestern Alberta and northeastern British
Columbia
• Provide a detailed description of 5 different cache sites. Sites were in areas with relatively good visibility of
surrounding area. Well-used cache sites were accessed by wolverine-made trails
• Resting sites were located in relatively open areas with good visibility
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Table 2: Summary of the available literature on wolverine density in habitats found within Alberta. Full citation information can be found in the
Literature Cited section of this document.
Density
(wolverines/1,000
km2)

Precision
(95% CI)

Location

Field Methods

Analysis Methods

Source

Mountains/Montane Forest
15.4

Northwestern Montana

Live capture, radiotelemetry
& snow tracking

Not Specified

Hornocker and Hash
1981

4.0 – 11.1

Central Idaho

Live capture, radiotelemetry
& snow tracking

Based on assumption all
resident wolverines were
contacted

Copeland 1996

5.8

Columbia Mountains, British
Columbia

Live capture, marking & remote
cameras

Jolly-Seber capture-markrecapture
Bowden sight-resight

Lofroth and Krebs
2007

Predictive model based on
habitat quality

Lofroth and Krebs
2007

6.2

4.2 – 9.5

Interior mountains in British
Columbia

3.5

2.8 – 9.6

Greater Yellowstone Ecosystem

Live captures, snow tracking &
genetic sampling

Program MARK, Huggins
closed capture models

Inman et al. 2012

6.8

Wilmore Wilderness Area,
Alberta

non-invasive genetic sampling

mark-recapture, Rcapture
package in program R

Fisher et al. 2013

3.0 (2004-5)
1.8 (2005-6)

Foothills, west central Alberta

non-invasive genetic sampling

mark-recapture, Rcapture
package in program R

Fisher et al. 2013

Turnagain Arm and Kenai
Mountains, south central Alaska

Aerial track counts

sample-unit probability
estimator (SUPE)

Golden et al. 2007

3.0

2.5 – 3.0
(80% CI)
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Appendix 2 Table 2 cont.:
Density
(wolverines/1,000
km2)

Precision
(95% CI)

Location

Field Methods

Analysis Methods

Source

2

1.7 – 2.5

Southeastern British Columbia
and Southwestern Alberta

non-invasive genetic sampling

spatially explicit capturerecapture

Mowat et al. 2012

1.3

1.0 – 1.8

Waterton/West-Castle,
southwestern Alberta

non-invasive genetic sampling

spatially explicit capturerecapture

Mowat et al. 2020

1.4

1.0 – 1.7

Central Rockies, British
Columbia and Southwestern
Alberta

non-invasive genetic sampling

spatially explicit capturerecapture

Mowat et al. 2020

Banff, Yoho & Kootenay
National Parks, Alberta and
British Columbia

non-invasive genetic sampling

spatially explicit capturerecapture

Barrueto et al. 2020

3.3 (2011)
3.0 (2013)

Boreal
4.8

Northeastern British Columbia

snow tracking and harvests

5.6

Kluane Game Sanctuary, Yukon

live capture, radio telemetry,
and aerial surveys

Based on known residents
only

Banci and Harestad
1990

6.5

Omineca Mountains, British
Columbia

Live capture, marking &
remote cameras

Jolly-Seber capture-markrecapture
Bowden sight-resight

Lofroth and Krebs 2007
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