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Sex differences in foraging ecology have been found in a variety of taxa. We tested the
hypothesis that breeding female wolverines (Gulo gulo), probably due to their smaller
home ranges and higher energy demands because of gestation and lactation, are forced
to rely more on food caches and carrion than other wolverines. The diet composition,
as the percentage occurrence, was estimated for four breeding females and six males
and non-breeding females by analyzing scat samples, all collected in eastern Finland.
The most important food source for breeding female wolverines was human- and wolf-
killed moose (55%), while the diet also comprised mountain hare (13%), domestic pig
(13%) and grouse (11%). Mountain hare (52%) was the most utilized food source for
males and non-breeding females. Moose (22%) and grouse (15%) were also important
components of the diet. Our study highlights the importance of human- and wolf-killed
carrion for breeding female wolverines in areas where the density of medium-sized
ungulates is low.

differences in foraging ecology have indeed been
found in a variety of taxa (e.g. Ligon 1968, Clut-
ton-Brock et al. 1983, Jormalainen et al. 2001).

Optimal foraging theory refers to a collection of
models of feeding behaviour that assume that the
foraging strategy should maximize fitness benefits
related to costs, for example by minimizing the
energy and time spent acquiring adequate nutri-
tion (Pyke et al. 1977, Hughes 1980, Pyke 1984).
The divergent life histories of different sexes in
many species require the differential use of food
and other resources, which could lead to sex-
specific foraging behaviour (Dunbar 1988). Sex

Three different hypotheses have been sug-
gested to explain sex differences in foraging
ecology (Beck et al. 2003). First, the sexual size-
dimorphism hypothesis is based on the fact that
larger individuals require more energy per unit
time than smaller ones, and therefore the larger
sex may forage differently from the smaller sex
(Nagy 1987). The larger sex may either consume
more of the same foods eaten by the smaller
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sex or consume different food sources (Clutton-
Brock et al. 1987).

Second, the reproductive decisions hypothe-
sis refers to the different parental duties of males
and females. Each sex faces different trade-offs
between foraging and other activities (provision-
ing of young, predator avoidance, mate acquisi-
tion) when maximizing individual fitness, which
may cause sex differences in foraging behaviour
(Clutton-Brock & Parker 1992, Jormalainen et
al. 2001). Female fitness, measured as repro-
ductive success, is dependent on the nutritional
status due to the high metabolic costs associated
with gestation and lactation (Lee 1987). Male fit-
ness, in contrast, often increases with the number
of copulations that they can obtain (Arnquist
& Nilsson 2000). Therefore, the life history
of females should maximize feeding efficiency,
whilst males are expected to maximize their
access to females (Sterck et al. 1997). Finally,
the niche divergence hypothesis is based on the
fitness benefit of reducing intraspecific competi-
tion by each sex foraging in different locations
or on different prey species, or both (Schoener
1970, Clarke et al. 1998).

Wolverines (Gulo gulo) are sexually dimor-
phic mustelid species. Males are 30% heav-
ier and 10% longer than females (Banci 1982,
Pasitschniak-Arts & Lariviere 1995). The sexes
also differ in their home-range size (Whitman
et al. 1986, Banci & Harestad 1990, Copeland
1996, Landa et al. 1998, Dawson et al. 2010).
The area used by non-breeding females and adult
males varies from 200 to 1500 km?. Females
with cubs usually utilize the smallest home
ranges, varying from 40 to 100 km?. Wolverines
are solitary, like most mustelids. Female wolver-
ines give birth before late March, the average
litter size being 2-3 cubs. The young are weaned
at 9—10 weeks and they begin to travel with their
mother by late April.

Wolverines hunt and scavenge for food
(Magoun 1987). Due to sexual size dimorphism
and differences in home-range size and paren-
tal duties, wolverines might exhibit sex-specific
foraging behaviour. However, quantitative infor-
mation is lacking, with a few exceptions in
North America (Lofroth et al. 2007) and south-
ern Norway (van Dijk et al. 2008b) in localities
with a high density of medium-sized ungulates.

The Finnish wolverine population has a
bipartite distribution. Approximately 50% of
the 155-170 Finnish wolverines are found in
northern Finland (Heikkinen & Kojola 2010),
where the semi-domesticated reindeer (Rangi-
fer tarandus tarandus) is most probably their
primary prey, as in Scandinavia (cf. Myhre &
Myrberget 1975, Landa et al. 1997, Mattisson
et al. 2011). The other half of the population is
distributed south of the reindeer management
area, in eastern and central Finland, in habitats
with a very low density of medium-sized ungu-
lates (wild forest reindeer; Rangifer tarandus
fennicus). Instead of hunting them, wolverines
probably have to rely more on carrion (e.g.
wolf-killed moose; Alces alces), and hunt small-
sized prey items, such as mountain hares (Lepus
timidus), grouse (Tetraonidae) and small rodents
(Cricetidae).

In this study, we examined the dietary habits
of wolverines in eastern Finland by comparing
the diet composition of breeding females with
that of males and non-breeding females. We col-
lected scat samples from den sites and by track-
ing wolverines, and tested the hypothesis that
breeding females, due to their more restricted
home ranges and higher energy demands because
of gestation and lactation, are forced to rely more
on food caches and carrion than males and non-
breeding females.

Material and methods

Our study area is located in eastern Finland
(Fig. 1) in an approximate area of 11 160 km?.
The topography is flat, with the altitude vary-
ing mainly from 160 to 340 m a.s.l. This area
belongs to the mid-boreal coniferous forest zone
and has a mildly continental climate (Ahti et al.
1968). The mean annual temperature is 2 °C
and the mean annual precipitation 600 mm. The
ground is usually snow-covered from November
to April. 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 Scots pine (Pinus sylvestris) and
Norway spruce (Picea abies). Extensive forest
harvesting has occurred in the study area, and
young mixed forests are common. Altogether,
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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 con-
strained near to town centres, but many people
have holiday cottages outside these areas.

The estimated wolverine population in
eastern Finland is 50-60 individuals, the total
population of Finland being at least 155-170
individuals. The population is stable or slightly
increasing (Landa et al. 2000). Wild forest rein-
deer exists in the study area at a very low mean
density (0.1-0.2 per km?) and moose at a low
density (0.3-0.5 per km?) (Wikman 2010). Other
potential prey species include grouse, moun-

Fig. 1. Study area in Fin-
land. Black dots repre-
sent the nests of breeding
female wolverines (1-4)
and a black triangle in the
eastern study area repre-
sents the feeding site. The
two wolf territories in the
study area are indicated
with a solid line. Males
and non-breeding females
were also all located
inside the two wolf terri-
tories.

tain hares and small rodents. Grey wolf (Canis
lupus), brown bear (Ursus arctos) and Eurasian
lynx (Lynx lynx) are the large predators that
occur in the study area.

We examined wolverine dietary habits by
analyzing the contents of scats. Scats represent-
ing the winter diet of breeding females (n = 168)
were collected from four wolverine den sites
located in eastern Finland during 2004-2006.
Scat collection took place after the denning
period in spring, when the female wolverines
and cubs had left their dens. Scats representing
the diet of males and non-breeding females (n
= 64) were collected by tracking six wolverine
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individuals in eastern Finland during 2009-2011.
The scats were from the winter season, and by
tracking these animals for long enough we could
determine that these scats did not belong to
breeding females. Wolverines were tracked with
the help of snow tracks. The tracks were found
by searching potential areas and with the help
of local people. Fresh tracks were only back-
tracked to avoid disturbing the wolverines. All of
the wolverine scats found along the tracks were
collected. We also recorded all the carcasses
found along the tracks.

Collected scats were frozen and analyzed at
the University of Oulu. Before handling, frozen
scats were placed in a freezer for 24 hours at
—80 °C to destroy possible endoparasite eggs.
A small portion of each scat sample was sepa-
rated for DNA analysis, resulting in individual
identification and sex determination when DNA
was extracted successfully. Each scat sample was
washed in a 0.5 mm sieve under running water.
The remains (hairs, feathers, bones, plant mate-
rial, non-food items) were oven-dried at 80 °C for
24 hours. Hairs and feathers were identified to the
species level using macroscopic and microscopic
characteristics (Debrot et al. 1982, Teerink 1991,
De Marinis & Asprea 2006) and a reference
collection. Scats were divided into two groups:
those produced by (1) breeding females and (2)
males and non-breeding females. The percentage
occurrence of the prey species in scats was calcu-
lated for both groups. This has been found to be
the most appropriate method for wolverine diet
studies (van Dijk et al. 2007). It indicates how
common a prey species is in the diet and accounts
for various prey species being found in a scat.

The occurrence of moose, mountain hare
and grouse in the diet was assessed using logis-
tic mixed-effects models with the reproductive
status as a fixed covariate and the individual as a
random factor using SYSTAT ver. 13 (SYSTAT
Inc., Evanston, Illinois). The diet breadth for
both groups was calculated using the standard-
ized Smith’s measure of niche breadth, FT, with
the following equation:

FT=Y [pa. (1

where FT is Smith’s measure of niche breadth, P
is the proportion of individuals found in resource

state j (ij = 1.0), and q;is the proportion of
resource j is of the total resources (Zaj =1.0)
(Smith 1982).

The 95% confidence intervals were calcu-
lated using the equation:

1.96
sin| arcsin (FT) £ s 2)
rsin (1) 57|
where N is the total number of individuals stud-
ied.

Results

On the basis of scats, the most important food
source for breeding female wolverines was
moose (55% of the diet; Table 1). Mountain hare
(13%), domestic pig (13%) and grouse (11%)
also appeared to be important food items. Small
amounts of small rodents, beavers (Castoridae),
raccoon dogs (Nyctereutes procyonoides), mustel-
ids, other bird species, bird eggs, frogs, common
lizards (Zootoca vivipara) and berries were also
found in the scats. On the other hand, for males
and non-breeding females, mountain hare (52%)
appeared to be the most utilized food item. Moose
(22%) and grouse (15%) were also important
components of their diet. Small quantities of wild
forest reindeers, raccoon dogs, red foxes (Vulpes
vulpes), other bird species, bird eggs and berries
were also found in their scats. Carcasses found
along the tracks of male and non-breeding female
wolverines gave a similar picture (Table 2) to
the scats. Among these, mountain hare was also
the most common food item (38%), followed by
grouse (31%) and moose (21%).

The diet of breeding females included less
mountain hare (F1,229 = 16.199, p < 0.001) than
that of males and non-breeding females. The
occurrence of moose (F 1229 = 0.082, p = 0.775)
and grouse (Flv229 = 0.232, p = 0.631) did not
differ between the groups. Smith’s measure of
niche breadth did not suggest a difference in
niche breadth between the groups (Table 1).

Discussion

As expected, analysis of the diet composition
demonstrated an important role of carrion in
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Table 1. Percentage occurrence of different prey species found in wolverine scats. The final rows give the Smith’s
measure of niche breadth and confidence intervals (95%). f = female, m = male.

Breeding females

Males and non-breeding females

All 1 2 3 4 All 5 6 7 8 9 10
Moose 55.2 814 697 172 615 220 357 150 126 925 0 0
Wild forest reindeer 0 0 0 0 0 3.3 0 5.5 5.3 0 0 0
Domestic pig 13.4 0 0 52.3 14 0 0 0 0 0 0 0
Mountain hare 12.7 82 126 16.1 125 519 357 69.0 60.0 0 0 75.0
Rodents 2.3 5.4 4.3 0 15 0 0 0 0 0 0 0
Grouse 11.0 3.8 5.3 40 200 148 214 55 216 75 333 0
Beavers 14 0 4.8 15 0.3 0 0 0 0 0 0 0
Pine marten 1.3 0 0 4.4 0.4 0 0 0 0 0 0 0
Raccoon dog 1.4 0 3.2 0 2.0 3.1 71 5.0 0 0 0 0
Red fox 0 0 0 0 0 3.1 0 0 0 0 66.7 0
Other 14 1.2 0 4.5 0.4 1.7 0 0 0.5 0 0 25.0
Number of scats 168 25 31 41 71 64 14 20 19 4 3 4
Sex f f f f f f,m f m m f m f
Niche breadth 0.763 0.68
95%ClI 0.37-0.98 0.40-0.88

the diet of breeding female wolverines. Moose
and domestic pig, which are assumed to be
mainly utilized as carrion, formed almost 70%
of their diet. In northern Finland, semi-domesti-
cated reindeer is the most important food source
for wolverines. In eastern Finland, with a very
low density of medium-sized ungulates, breed-
ing female wolverines are forced to rely more
on carcasses when they are available. The result
concurs with the findings of van Dijk et al.
(2008b), who found that female wolverines in
Norway use the highly available moose carrion
opportunistically and hunt less on small prey
than males.

Wolverines are known to utilize both human-
and wolf-killed moose. Remains from hunter
harvests formed the largest single food source
for scavengers in Scandinavia (Wikenros 2011).
Caching behaviour is a significant part of wol-
verine foraging ecology (Samelius et al. 2002,
Wright & Ernst 2004), and therefore wolver-
ines benefit from carrion for a long time after
carcasses are found. Thus, remains from moose
hunting can benefit female wolverines during the
breeding season.

Wolf-killed moose might be an important
food source for breeding female wolverines
in eastern Finland, because it’s available more
frequently than remains from moose hunting.
Wikenros (2011) found that the number of visits

by scavengers to wolf-killed moose was highest
during the spring when most scavengers rear
their young. To increase their scavenging oppor-
tunities, wolverines probably tend to live in the
same regions with wolves because of the higher
availability of carrion, but not in very close prox-
imity to them in order to avoid intra-guild preda-
tion (White er al. 2002). However, van Dijk et
al. (2008a) found no evidence for the importance
of direct intra-guild interactions for wolverines
to localize food, and it seemed that wolverines
actively avoided close contact with wolves. In
Norway, the presence of bears, wolves and lynx
was generally associated with forested areas at
lower elevations, whereas wolverines selected
rugged terrain at higher elevations (May et al.
2008).

Domestic pig in the breeding wolverine diet
was obviously obtained during visits to feeding
sites. The feeding of large carnivores for photo-

Table 2. Carcasses found by tracking male and non-
breeding female wolverines.

Food item Percentage
Mountain hare 37.9
Grouse 31.0
Moose 20.7
Wild forest reindeer 6.9
Other bird species 3.4
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graphic and recreational purposes is a common
practice in east-central Finland.

Landa er al. (1997) suggested that the abun-
dance of small rodents may be essential for
wolverine kit survival in southern Norway. In
our study, only 2.3% of the diet of females
with cubs consisted of rodents, and males and
non-breeding females did not utilize rodents
at all in their diet. Voles in northern Europe
have been shown to exhibit cyclic population
dynamics. The length of the vole population
cycle is reported to be 3-5 years, with generally
synchronous fluctuations in different vole spe-
cies (Hansson & Henttonen 1985, 1988). During
2004-2006, when the scats of breeding females
were collected for this study, vole densities were
very low in eastern Finland (Huitu et al. 2009).
Therefore, during high vole densities, breed-
ing female wolverines may utilize more small
rodents than during our study period. Males and
non-breeding females probably do not prey very
intensively on rodents, even during high vole
density years, due to their larger home ranges
and better foraging possibilities.

Based on the scat samples, the most utilized
food item for males and non-breeding females
was the mountain hare, and mountain hare
remains were also the most common carrion that
we observed when tracking these wolverines.
Hunting small prey such as mountain hare or
grouse might incur greater energetic costs than
scavenging, but searching for carcasses takes
more time. The larger home ranges and greater
mobility of male wolverines probably enable
them to more frequently come into contact with
smaller prey than females.

In conclusion, our study highlights the impor-
tance of human- and wolf-killed carrion for
breeding female wolverines in areas with a low
density of medium-sized ungulates. Temporal
and spatial variation in the availability of prey
species and the occurrence of other predators,
especially wolves, can have a major effect on
wolverine population dynamics in boreal forest
areas in Finland.
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