Ann. Zool. Fennici 50: 216—224
Helsinki 30 August 2013

ISSN 0003-455X (print),
© Finnish Zoological and Botanical Publishing Board 2013

ISSN 1797-2450 (online)

Does grey wolf presence affect habitat selection of

wolverines?

Anni Koskela'*, Salla Kaartinen?, Jouni Aspi', llpo Kojola?, Pekka Helle? &

Seppo Rytkénen'

" Department of Biology, P.O. Box 3000, FI-90014 University of Oulu, Finland (*corresponding
author’s e-mail: anni.koskela@oulu.fj)

2 Finnish Game and Fisheries Research Institute, P.O. Box 413, FI-90014 University of Oulu,
Finland

Received 27 Apr. 2012, final version received 31 Jan. 2013, accepted 1 Mar. 2013

Koskela, A., Kaartinen, S., Aspi, J., Kojola, I, Helle, P. & Rytkdnen, S. 2013: Does grey wolf pres-
ence affect habitat selection of wolverines? — Ann. Zool. Fennici 50: 216—-224.

Scavengers can improve their foraging possibilities by associating with predators
that provide food. Therefore, the presence of grey wolves (Canis lupus) may increase
scavenging opportunities for wolverines (Gulo gulo). There have been many observa-
tions of wolverines utilizing wolf-killed moose (Alces alces), but quantitative informa-
tion is lacking. We analysed wolverine and wolf habitat selection in eastern Finland,
where the two species are sympatric. Generalized linear mixed-effect models were
constructed to explain the location of wolverines in terms of their distance from settle-
ments, the forest type and the presence of wolves. We found that wolverines favoured
wolf presence, coniferous forests, mixed forests and mires; and avoided settlements,
young forests and deciduous forests. These findings improve our understanding of
wolverine habitat selection by demonstrating the importance of remote forest areas,
as well as the presence of other carnivore species, to wolverines in boreal forests in
Finland.

Introduction

Scavengers exploit carcasses, which are con-
ventionally considered an ephemeral, rare and
unpredictable resource in terms of their spatio-
temporal availability (e.g. Heinrich 1988, Wilm-
ers et al. 2003, Wilmers & Post 2006, Baglione
& Canestrari 2009, DeVault er al. 2011). One
foraging strategy that scavengers can employ to
discover unpredictable food sources is to associ-
ate with predators that provide food (Stahler et
al. 2002). Availability of carrion from the kills
by predators and hunters may be much more

predictable, especially for those scavenger spe-
cies associating with large predators (Stahler
et al. 2002, Wilmers et al. 2003, Selva et al.
2005). Other advantages of such strategy include
a reduced searching time, decreased energy
expenditure and access to large, high-quality
food items (Brockmann & Barnard 1979, Hein-
rich 1988). On the other hand, predators can also
be a threat to scavengers (White et al. 2002, Bal-
lard et al. 2003). Benefits of scavenging possibly
outweigh the associated risk of being killed by
a predator (Paquet 1992, van Dijk et al. 2008a,
Gorini et al.2012).
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The presence of grey wolves (Canis lupus)
may increase the scavenging opportunities for
wolverines (Gulo gulo). There have been many
observations of wolverines utilizing wolf-killed
moose (van Dijk et al. 2008a, 2008b), but quan-
titative information is lacking. Within our study
area in eastern Finland, the wolverine is sym-
patric with the grey wolf. Approximately 50%
of Finnish wolverines live in northern Finland,
where — as in northern Scandinavia — semi-
domesticated reindeers (Rangifer tarandus
tarandus) are most probably their primary prey
(cf. Myhre & Myrberget 1975, Landa et al. 1997,
Mattisson et al. 2011a). The other half of the
population is distributed south of the reindeer
management area, in eastern and central Finland.
In this area, wolverines might be more depend-
ent on carrion, wolf-killed moose (Alces alces),
and self-hunted smaller prey, such as mountain
hares (Lepus timidus), grouse and small rodents,
as observed in southern Norway (van Dijk et al.
2008b).

The wolverine is a terrestrial mustelid that
has a circumpolar distribution corresponding
with the arctic and subarctic regions and also
boreal forests of Eurasia and North America
(Landa et al. 2000, Copeland et al. 2010). Urban
development, human disturbance and persecu-
tion have contributed to the currently restricted
distribution of the wolverine (Banci 1994, Cope-
land 1996, Carroll et al. 2001, Persson et al.
2009). The wolverine is often viewed as being
a high alpine dweller for which anthropogenic
factors, probably due to persecution (Persson et
al. 2009), are more important in the selection of
the home range than habitat factors (May et al.
2006). Wolverine habitat selection is negatively
affected by human activity, including roads and
backcountry recreation (Caroll et al. 2001, Row-
land et al. 2003, May et al. 2006, Krebs et al.
2007). Factors such as the density of prey and
landscapes where they can find a suitable den-
ning habitat are also important (Landa et al.
2000, May et al.2010,2012).

In this study, we examined the effect of wolf
presence on the habitat selection on wolverines.
We also studied how settlements and forest type
affect the habitat selection of wolverines and
wolves in boreal forests of eastern Finland. We
expected wolverines to prefer habitats where
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Fig. 1. Locaion of the study area in eastern Finland.

wolves may increase their scavenging opportuni-
ties. Furthermore, we expected both study spe-
cies to avoid settlements.

Material and methods
Study area

Our study area was located in three provinces
of eastern Finland (Kainuu, North Karelia and
North Savonia) (Fig. 1) covering an approximate
area of 56 000 km?. This area belongs to the mid-
boreal coniferous-forest zone and has a mildly
continental climate (Ahti et al. 1968). The eleva-
tion (a.s.l.) of the study area ranges from 160 to
380 m. The landscape is mainly comprised of
boreal forests, lakes and mires. About 80% of the
land area is covered by forests, the dominant tree
species being the Scots pine (Pinus sylvestris)
and the Norway spruce (Picea abies). Extensive
forest harvesting has been carried out in the
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study area and young mixed forests are common.
Altogether, 1.8% of the study area is protected.
The average density of humans in the study area
is five people per km?. Human infrastructure
is mainly constrained near to town centres and
small villages, but many people have summer
houses outside these areas.

The densities of both study species in the
study area are similar: 3 animals per 1000 km?.
The Finnish wolverine population is estimated
at a minimum of 155-170 individuals. The total
wolf population in Finland is estimated at a
minimum of 150-160 individuals, and the popu-
lation has been decreasing since 2006 when it
peaked at 250-300 wolves. Based on the IUCN
criteria (Rassi et al. 2010), the wolverine is clas-
sified as a critically endangered (CR) species
in Finland. The conservation status of wolf in
Finland is endangered (EN). Potential wolverine
prey species within our study area are wild forest
reindeer (Rangifer t. fennicus), grouse, mountain
hare, beavers and small rodents. The primary
prey of wolves is the moose (Kojola et al. 2004).

Wildlife triangle data

Wolverine and wolf locations were derived from
the wildlife-triangle count data gathered in east-
ern Finland during 2005-2009. Wildlife trian-
gles are equilateral triangles with a perimeter of
12 km, developed and organized by the Finnish
Game and Fisheries Research Institute (FGFRI)
in cooperation with the Hunter’s Central Organi-
zation. Data on abundance levels and temporal
changes of some 30 wildlife species in about
1000 locations scattered throughout Finland are
gathered annually along these triangles (Lindén
et al. 1996, Pellikka et al. 2005). During the

Table 1. Landscape classifications used in the study.

census, the tracks of mammals crossing the tri-
angle line are recorded and an index of the
abundance for each species is given as the track
density (tracks/10 km/day).

In this study, the data consisted of all geo-
graphic coordinates of triangle-line crossings by
wolverines and wolves (with an accuracy of
50 m) within the study area. Altogether, 885
triangles were counted and tracks of wolver-
ines and/or wolves were found in 146 of them.
As control plots, we selected an equal number
of random crossings from existing wildlife tri-
angles in our study area in order to determine
whether wolverines seek areas in close proxim-
ity to wolves.

Landscape data

To determine the factors behind wolverine and
wolf habitat selection, we selected landscape
variables representing both infrastructural fea-
tures (settlements) and the main habitat types
in Finland. The habitat data were based on the
CORINE Land Cover 2000 database provided
by the Finnish Environment Institute (SYKE).
The database covers the entire area of Finland,
and has a minimum mapping unit of 25 hectares.
It is based on the automated interpretation of
satellite images and data integration with exist-
ing digital map data. The CORINE data used in
this study comprised six classes of land cover
variables: (1) settlements, (2) mixed forests, (3)
coniferous forests, (4) deciduous forests, (5)
young forests and (6) mires (Table 1). Settle-
ments were entered into the models as the dis-
tance of a given crossing or control plot from
the nearest settlement. Other landscape variables
were measured as the proportion of each habitat

Class Class loading

Tree crown cover (%)

Settlements
Mixed forests
Coniferous forests
Deciduous forests
Young forests
Mires

Conifers > 70%
Deciduous trees > 70%

Young successional stages: plantations and clearcuts
Inland marshes and peat bogs

Continuous and discontinuous urban fabric -
Conifers and deciduous trees > 70%

>30
> 30
> 30
10-30
<30
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type around the crossing or control plot within a
given radius. These six variables were included
in the analysis of wolf habitat selection. The sev-
enth variable that was included in the analysis of
wolverine habitat selection was the distance of a
given wolverine crossing or control plot from the
nearest wolf crossing.

To determine the scale at which the landscape
variables were most important in predicting the
wolverine occurrence, we constructed buffers
around the wolverine and control plots whose
radii were 75, 150, 300, 600, 1200, 2400 and
4800 m. We then fitted generalized linear models
for each buffer radius using landscape variables
as predictive variables. For later models, we
used only the most significant buffer radius.

Statistical analysis and modelling
process

Before modelling, to identify possible multicol-
linearities we carried out Spearman’s pairwise
correlation analysis between the explanatory
variables. As there were no strongly correlated
variables (Irl < 0.6), they were all included in the
models (Green 1979, Fielding & Haworth 1995,
Sawyer et al. 2006, Klar et al. 2008).

Our habitat selection analysis was based
on an information-theoretic approach in which
hypotheses are first specified and mathematically
formulated. These alternative hypotheses are then
ranked according to their parsimony (Johnson
& Omland 2004, Rushton et al. 2004, Greaves
et al. 2006, Klar et al. 2008). We designed a set
of 128 candidate models of the occurrence of
wolverines and wolves based on the following
general hypotheses: (1) wolverines seek areas in
proximity to wolves (May et al. 2008, van Dijk
et al. 2008a, 2008b); and (2) wolverines and
wolves avoid settlements where human presence
is continuous (May et al. 2006, Krebs et al. 2007,
Kaartinen et al. 2010).

We used a logistic regression together with
Akaike’s Information Criterion corrected for
small sample sizes (AIC) to model the impor-
tant habitats for wolverines and wolves in the
study area. Selection of the best approximating
models was based on the AAIC, values, which
were calculated as the differences between the

current and minimum values of the model AIC,
(Burnham & Anderson 2002). AAIC_ expresses
the information loss experienced when using the
fitted model g, rather than the best model g .
for inference (Burnham & Anderson 2004). We
also calculated the Akaike weights (w) for all the
models. The Akaike weight is a measure of the
likelihood of a model for the given data (Johnson
& Omland 2004), so that models with a larger
w, better approximate the data (see Burnham &
Anderson 2002). The primary objective in model
fitting was to assess the relative importance of
the seven variables included.

Because there was considerable model selec-
tion uncertainty in our data, we used the method
suggested by Burnham and Anderson (2002) to
quantify the evidence for the importance of each
variable. We summed Akaike weights across
all the models in which individual variables
attained the relative importance. The larger the
sum of the Akaike weights, the more important
a variable was relative to the other variables
considered. We used model averaging to produce
the best model, including aspects of a number of
models (Greaves et al. 2006). In the set of best
approximating models, parameter estimates and
their standard errors were examined to assess
the reliability of each variable as a predictor of
the occurrence of a wolverine or wolf. Due to
the uncertainty in model selection, the model-
averaged slopes () of the variables and their
standard errors were calculated using equations
4.1 and 4.9 in Burnham and Anderson (2002);
models with AAIC, < 4 were included. Statisti-
cal analyses were carried out using R ver. 2.12.1
(R Development Core Team 2010) with the
package MuMIn (Barton Kamil 2010).

Results

Among the wildlife triangles counted in our
study area (n = 885), we found evidence of
wolverines and/or wolves in 146 triangles.
Altogether, 109 wolverine and 59 wolf tracks
were observed (Table 2). The significance of
the models increased when the buffer radius
grew, and the landscape variables were most
important in predicting wolverine occurrence
when the buffer radius around the wolverine
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300 the distance from wolf crossing, deciduous for-
290: ests and distance from settlements (Table 3).

1 Altogether, 15 models had AAIC, values lower

5 2807 than 4, and all of them included the distance
< 270: from wolf crossing and deciduous forests. Other
: explanatory variables in the top models were set-

2601 tlements (8 models), mixed forests (7 models),
250: mires (4 models), coniferous forests (4 models)

75 150 300 600 1200 2400 4800
Buffer distance (m)
Fig. 2. AIC_ values for different buffer distances around
the wolverine and control plots.

and control plots was 2400 m (AAIC_ = 265.72)
(Fig. 2). When the buffer radius was greater than
2400 m, the significance of the models started to
decrease.

The model best explaining wolverine habi-
tat selection included as explanatory variables

Table 2. Records of wolverines and grey wolves in wild-
life-triangle counts within the study area in 2005-2009.

Year Wolverine Wolf
2005 28 16
2006 21 11
2007 16 14
2008 19 8
2009 25 10
TOTAL 109 59

and young forests (3 models).

The model best explaining wolf habitat selec-
tion consisted of settlements, coniferous forests
and mixed forests (Table 4). AAIC, values were
lower than 4 in 24 models, and all of them
included distance to settlements. Other explana-
tory variables in the top models were coniferous
forests (12 models), young forests (12 models),
mixed forests (10 models), deciduous forests (10
models) and mires (8 models).

Wolverines seemed to favour wolf presence,
coniferous forests, mixed forests and mires; and
avoided settlements, young forests and deciduous
forests (Table 5). Wolves preferred quite similar
habitats to those of wolverines: they favoured
coniferous and mixed forests; and avoided set-
tlements, young forests and deciduous forests.
Wolves, unlike wolverines, also avoided mires.

Discussion

One important factor in wolverine habitat selec-

Table 3. Models best explaining wolverine habitat selection (AAIC_ < 4). The models are ranked according to the

AIC_ values.

Rank  Model AIC, AAIC, w df
1 deciduous x settlements x wolf 249.9 0.000 0.152 4
2 deciduous x settlements x wolf x mixed 250.7 0.787 0.103 5
3 deciduous x wolf 251.4 1.456 0.074 3
4 deciduous x settlements x wolf x mires 251.9 2.018 0.056 5
5 deciduous x coniferous x settlements x wolf 252.0 2.073 0.054 5
6 deciduous x settlements x wolf x young 252.0 2.084 0.054 5
7 deciduous x wolf x mixed 252.1 2.183 0.051 4
8 deciduous xconiferousxsettlementsxwolf x mixed 252.3 2.423 0.045 6
9 deciduous x settlements x wolf x mixed x young 252.8 2.858 0.037 6

10 deciduous x settlements x wolf x mires x mixed 252.8 2.898 0.036 6

11 deciduous x wolf x mires 253.3 3.333 0.029 4

12 deciduous x wolf x young 253.4 3.453 0.027 4

13 deciduous x coniferous x wolf 253.4 3.494 0.027 4

14 deciduous x wolf x mires x mixed 253.8 3.841 0.022 5

15 deciduous x coniferous x wolf x mixed 253.8 3.854 0.022 5
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Table 4. Models best explaining wolf habitat selection (AAIC, < 4). The models are ranked according to the AIC,

values.

Rank  Model AIC, AAIC, w df
1 settlements x coniferous x mixed 158.7 0.00 0.098 4
2 settlements x coniferous 159.3 0.61 0.072 3
3 settlements x young 160.0 1.31 0.051 3
4 settlements 160.0 1.39 0.049 2
5 deciduous x settlements x young 160.1 1.41 0.049 4
6 settlements x coniferous x mixed x young 160.4 1.78 0.040 5
7 settlements x coniferous x young 160.5 1.81 0.040 4
8 settlements x coniferous x mires x mixed 160.5 1.87 0.039 5
9 deciduous x settlements x coniferous x mixed 160.6 1.98 0.037 5

10 deciduous x settlements x mires x young 161.0 2.34 0.030 5

11 deciduous x settlements x coniferous 161.0 2.36 0.030 4

12 deciduous x settlements 161.0 2.39 0.030 3

13 settlements x mixed 161.1 2.48 0.028 3

14 settlements x mixed x young 161.3 2.66 0.026 4

15 settlements x coniferous x mires 161.3 2.66 0.026 4

16 settlements x mires 161.3 2.69 0.026 3

17 settlements x mires x young 161.4 2.76 0.025 4

18 deciduous x settlements x mixed x young 161.6 2.93 0.023 5

19 deciduous x settlements x coniferous x young 161.6 2.94 0.023 5

20 deciduous x settlements x mires 161.9 3.28 0.019 4

21 deciduousxsettlementsxconiferousxmixedx young 162.1 3.45 0.017 6

22 deciduous x settlements x mixed 162.2 3.58 0.016 4

23 settlements x coniferous x mires x young 162.5 3.83 0.014 5

24 settlements x coniferous x mires x mixed x young 162.5 3.85 0.014 6

tion was the distance from wolf crossing. As
expected, wolverines preferred areas close to
wolf territories, which may partly be due to
greater carrion availability. Wolverines are
known to utilize carcasses left by wolves (van
Dijk et al. 2008a, 2008b) and lynx (Mattisson
et al. 2011a, 2011b). Van Dijk er al. (2008a)
found that wolverines do not directly follow the
tracks of other carnivores to carcasses, but their
movements become more tortuous after encoun-
tering the tracks. Landa and Skogland (1995)
found that the removal of wolves resulted in a
decrease in wolverine numbers in the same area
in Norway, because less carrion was available.
According to van Dijk et al. (2008b), the propor-
tion of moose increased in the diet of Norwegian
wolverines when wolves were present in the
same range, because wolverines started to eat
animals killed by the wolves. In Finland, the
wolf population has been declining for the last
five years. Although the wolverine population
size in Finland has remained stable during recent
years, decreasing wolf numbers might have a
negative effect in the long term.

Wolves can also be a threat to wolverines
(White et al. 2002). Eight of fourteen docu-
mented wolf—wolverine interactions in North
America resulted in the death of the wolver-
ine (Ballard et al. 2003). Accordingly, wolver-
ines might occupy the same regions as wolves
because of greater carrion availability, but not
live in very close proximity to them in order
to avoid intra-guild predation. The interaction

Table 5. Model-averaged coefficients for the best wol-
verine and wolf models. Landscape variables: nega-
tive values indicate avoidance, positive values refer
to favouring. Distance to settlements and distance to
wolf area: negative values indicate favouring, positive
values avoidance.

Variables Wolverine Wolf
Deciduous forests -34.571 —6.591
Mixed forests 2.361 3.953
Coniferous forests 0.442 3.244
Young forests —0.467 -3.486
Mires 0.139 -1.114
Settlements 0.0005 0.0008
Wolf presence —0.00004
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between wolverines and wolves can be seen as
a trade-off situation, in which wolverines are
trying to maximize both their survival and forag-
ing possibilities (van Dijk et al. 2008a).

Other sources, such as other large carnivores
(brown bear and Eurasian lynx), can also provide
carrion for wolverines but they are probably not
as important as wolves. Brown bears hibernate
in winter, when reproducing female wolverines
have the greatest requirement for food. The
primary prey species of Eurasian lynx in east-
ern Finland are the mountain hare and grouse
(Pulliainen et al. 1995), which are smaller prey
items and do not, therefore, provide significant
resources for wolverines.

Moose and other carcasses also become
available for wolverines through hunter harvest-
ing, ecotourism, vehicle collisions and natural
death. Remains following the hunter harvest
were reported to be the largest food source for
scavengers in Scandinavia (Wikenros 2011). The
largest biomass from moose carcasses available
to scavengers occurred therefore in October,
concurrently with the moose-hunting season.
Wolves reduced the high seasonal variation in
carcasses availability, and increased the carrion
biomass during the critical time in spring when
many scavenger species rear their young. In Fin-
land, wolverines also presumably benefit from
moose hunting in autumn, while the impact of
wolf-killed moose on the diet of wolverines is
greater during winter.

Our results indicate that in eastern Finland
both wolverines and wolves avoid settlements.
Preference for remote forest areas is consist-
ent with results of previous studies on habitat
selection and home-range use by wolverines
(May et al. 2006, Krebs et al. 2007) and wolves
(Theuerkauf er al. 2003, Kaartinen et al. 2010).
Human activities have expanded leaving less
living space for wolverines, which may be sen-
sitive to human disturbance and also to habitat
fragmentation (Carroll er al. 2001, Rowland et
al. 2003). The disadvantageous effects of human
activity on wolverines not only result from habi-
tat loss, but also from the loss of prey species
and other carnivore species that provide carrion
(Landa et al. 2000).

Both wolverines and wolves appeared to
avoid deciduous forests. According to the LAND-

SAT satellite data, the majority (66%) of Finnish
forests are mixed, with lower relative propor-
tions of pure spruce (15%), pure pine (11%) and
pure deciduous forests (8%) (Lindfors & Laurila
2000). Both studied species also selected other
forest types in a similar way: they favoured
coniferous and mixed forests and avoided young
forests. Coniferous and mixed forests are very
common in the study area. Avoidance of young
forests by wolves was unexpected, because pre-
vious studies have demonstrated a tendency of
wolves to select similar habitats to moose, their
most important prey species (James et al. 2004).

Wolverine home-range areas and travel
routes might enclose many different ecological
conditions. One of the main future goals in wol-
verine management is to ensure the connectivity
of sub-populations, and also maintain safe and
favourable conditions along travel routes. Our
results demonstrate the importance of remote
forest areas and the presence of other carnivore
species to wolverines, and provide information
needed for the successful conservation manage-
ment of wolverines in boreal-forest areas of
Finland.
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