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Density Estimation in a Wolverine Population
Using Spatial Capture–Recapture Models
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ABSTRACT Classical closed-population capture–recapture models do not accommodate the spatial infor-
mation inherent in encounter history data obtained from camera-trapping studies. As a result, individual
heterogeneity in encounter probability is induced, and it is not possible to estimate density objectively because
trap arrays do not have a well-defined sample area. We applied newly-developed, capture–recapture models
that accommodate the spatial attribute inherent in capture–recapture data to a population of wolverines (Gulo
gulo) in Southeast Alaska in 2008. We used camera-trapping data collected from 37 cameras in a 2,140-km2

area of forested and open habitats largely enclosed by ocean and glacial icefields. We detected 21 unique
individuals 115 times. Wolverines exhibited a strong positive trap response, with an increased tendency to
revisit previously visited traps. Under the trap-response model, we estimated wolverine density at 9.7
individuals/1,000 km2 (95% Bayesian CI: 5.9–15.0). Our model provides a formal statistical framework
for estimating density from wolverine camera-trapping studies that accounts for a behavioral response due to
baited traps. Further, our model-based estimator does not have strict requirements about the spatial
configuration of traps or length of trapping sessions, providing considerable operational flexibility in the
development of field studies. � 2011 The Wildlife Society.
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The wolverine (Gulo gulo) is an elusive species that occurs at
low densities (Lofroth and Krebs 2007), maintains large
home ranges (Persson et al. 2009), and at times undertakes
long movements (Inman et al. 2004). For these reasons,
estimating density for wolverines has been problematic
and early attempts lacked measures of accuracy and precision
(review by Lofroth and Krebs 2007). More recently, Golden
et al. (2007) estimated wolverine density based on aerial track
surveys in winter in open habitats. Mulders et al. (2007) and
Fisher et al. (2009) used DNA from hairs collected at bait
sites to estimate wolverine density. Lofroth and Krebs (2007)
used capture–recapture estimates of density from live-
trapped wolverines and were the first to publish density
estimates using photographs of wolverines captured on
motion-detection cameras. None of the methods above
that used capture–recapture approaches considered the
spatial context of the data.

Closed population models are widely used to estimate
abundance or density of animal populations from fixed arrays
of traps or other devices that obtain information on encoun-
ter history (Borchers et al. 2002). Direct interpretation of
population density obtained from such models is difficult
because the sampled area of trap arrays is not a well-defined

concept in that, although one may delineate a geographic
area for the placement of traps, it is not usually possible to
delineate the effective sampled area (i.e., that area from
which captured individuals are drawn). The difficulty in
determining the effective sampled area has long been rec-
ognized in the literature (e.g., Dice 1938, Stickel 1954,
Wilson and Anderson 1985, Efford 2004). Authors have
used different approaches to resolve the problem of defining
the effective area, most often drawing polygons around
trapping arrays, buffering, and adjusting estimates of popu-
lation size obtained from closed population models (Karanth
and Nichols 1998). The problem with this approach is that it
is ad hoc. Rules for buffering (e.g., mean maximum distance
moved) are arbitrary and not consistent among studies, and
such approaches induce uncertainty into estimates of density
that have not been accommodated formally into density
estimation. Moreover, the spatial organization of traps
within the resulting buffered area suggests heterogeneity
in encounter probabilities among individuals, which this
method does not formally accommodate.

Recent developments of spatial capture–recapture (SCR)
models (Efford 2004, Borchers and Efford 2008, Royle and
Young 2008) provide a formal method for inference from
capture–recapture studies by allowing for density estimation.
These models extend standard closed population models
(e.g., Otis et al. 1978, Borchers et al. 2002, Lukacs and
Burnham 2005) to include a spatially explicit model for
distribution of individuals in space. These models are
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