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Abstract: In northern Eurasia, large carnivores overlap with semi-domestic reindeer (Rangifer taran-
dus) and moose (Alces alces). In Scandinavia, previous studies have quantified brown bear (Ursus
arctos) spring predation on neonates of reindeer (mostly in May) and moose (mostly in June). We
explored if habitat selection by brown bears changed following resource pulses and whether these
changes are more pronounced on those individuals characterised by higher predatory behaviour.
Fifteen brown bears in northern Sweden (2010–2012) were fitted with GPS proximity collars, and
2585 female reindeers were collared with UHF transmitters. Clusters of bear positions were visited
to investigate moose and reindeer predation. Bear kill rates and home ranges were calculated to
examine bear movements and predatory behaviour. Bear habitat selection was modelled using
resource selection functions over four periods (pre-calving, reindeer calving, moose calving, and
post-calving). Coefficients of selection for areas closer to different land cover classes across periods
were compared, examining the interactions between different degrees of predatory behaviour (i.e.,
high and low). Bear habitat selection differed throughout the periods and between low and high
predatory bears. Differences among individuals’ predatory behaviour are reflected in the selection
of habitat types, providing empirical evidence that different levels of specialization in foraging
behaviour helps to explain individual variation in bear habitat selection.

Keywords: Ursus arctos; Rangifer tarandus; Alces alces; predation rates; habitat selection; individ-
ual heterogeneity

1. Introduction

Large carnivores are partially recovering former ranges across multiple continents [1,2].
The return of large carnivores can provide ecological benefits for many ecosystems, includ-
ing strengthening ecological functionality [3]. Nevertheless, large carnivore recovery also
brings along a range of management implications and undesired effects, e.g., depredation
of livestock is a major source of human–wildlife conflict [4].

In northern Europe, natural range expansion is ongoing for the grey wolf (Canis
lupus), the brown bear (Ursus arctos), the wolverine (Gulo gulo), and the Eurasian lynx
(Lynx lynx) [5]. Across a vast area that includes Fennoscandia and the northern latitudes
of Russia, large carnivores overlap with the domesticated reindeer (Rangifer tarandus). In
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Sweden and Norway, reindeer herding is a major activity and part of the culture of the
indigenous Samí people [6]. Around 50% of land in Sweden and Norway, the northern
half of each country is utilised for reindeer husbandry [7,8]. The reindeer used within
husbandry practices within Sweden and Norway are semi-domesticated, where movement
is monitored and managed across a wider spatial scale and individuals may be subject
to husbandry activities at certain times (e.g., health checks and transportation); however,
individuals have the same access as wild species the majority of the time [9]. Brown bear,
lynx, and wolverine largely overlap with the wide distribution of reindeer in Sweden and
Norway [10], while the wolf breeding range is limited by management to south-central
Sweden and Norway, precisely to avoid conflict with the reindeer husbandry industry [11].

Reindeer are particularly susceptible to predation by large carnivores during calving in
spring, when up to 30% of calves are killed [12]. The loss of calves, especially female calves
can have a great demographic impact upon populations by reducing potential future mating
adults [8]. This demographic impact results in economic losses for herders [10]. Currently,
management both in Sweden and Norway uses compensation systems to mitigate issues
associated with carnivore predation upon livestock [13].

During the moose (Alces alces) calving period, moose neonates make up 36–44% of
the seasonal dietary intake of brown bears in south central Sweden [14]. Yearling moose
and neonates tend to be more vulnerable to predation by brown bears than adults [15].
Studies have highlighted that brown bears are ineffective predators of adult moose [16],
instead focusing hunting efforts during the calving periods upon vulnerable individuals.
This is indicated by the loss of around 26% of moose neonates to predation [17]. Although
kill rates upon moose neonates are high, they vary between individuals with reported
rates ranging from 2% to 52% [18]. Moose predation by brown bears adds to the predation
by wolves, where they overlap [19–21], and other large carnivores [22], as well as human
induced mortality from roads and infrastructure.

Depredation of reindeer and moose generates, besides economic damage, a level
of conflict that results in a high rate of poaching of large carnivores [23]. For instance,
poaching accounts for 46% of mortality for the Eurasian lynx [24] and 60% of mortality
for wolverines in northern Scandinavia [25]. Altogether, large carnivore depredation is a
major cause of conflict in Sweden and Norway, which illustrates the link (and challenge)
between socioeconomic damage and the goal of preserving large carnivores in human-
dominated landscapes.

High kill rates of bears on calves of large herbivores of economic interest and the
associated human–wildlife conflicts highlight a need for research into the predation of
domesticated or semi-domesticated species. Sivertsen et al. [9] examined this topic within
northern Sweden, focusing on spatial overlap between semi-domesticated reindeer and
brown bears. The study concluded that there was a significant increase in spatial overlap
between habitats utilised by reindeer and brown bears during high predation periods
compared to low predation periods. Furthermore, Sivertsen et al. [9] highlighted that
brown bears selected land cover types utilised by reindeer during predation periods. This
was indicated by noticeably greater selection of open areas, deciduous forest, and lichen
forests during the predation period for brown bears.

Large individual variation has been shown in bear habitat selection [26] and bear
kill rates [14,21]. The latter parameter implies different levels of specialization reflecting
individual differences in foraging behaviour [27], which may help explain the large indi-
vidual variation in bear habitat selection [28]. In this study, we have explored if brown
bear habitat selection changes following pulses of resources. We analysed whether brown
bears changed their selection of habitat during the spring to take advantage of vulnerable
neonate calves of reindeer and moose. Such a process would illustrate an active hunting
strategy of brown bears in spring, when their diet is more dependent on animal protein
than during the rest of the year [29]. We also investigated if habitat selection changes are
more pronounced on those individuals characterised by higher predation behaviours.
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Based on previous studies [9], we predict a change in land cover types selected by
brown bears in an area of northern Sweden between pre-calving, reindeer-calving, moose-
calving, and post-calving periods. We also predict that land cover types selected during
reindeer and moose calving periods, in particular those of high predatory bears, will mirror
the land cover types selected by reindeer and moose, respectively.

Improving our knowledge on the ecology of a large omnivore, the brown bear, that
is also a very efficient predator of neonate ungulates, can inform managers and livestock
owners how to reduce depredation. In turn, this is essential to reduce conflict and thus
promote long-term conservation and human–wildlife coexistence. Furthermore, our study
illustrates the importance of accounting for individual variation when studying habitat
selection and predatory behaviour of a large carnivore.

2. Materials and Methods
2.1. Study Area

Our study was conducted at two reindeer herding communities within Norrbotten,
northern Sweden (67◦00′00′′ N, 17◦30′00′′ E) (Figure 1), from 2010 to 2012. The landscape
is dominated by Norwegian Spruce (Picea abies) and Scots Pine (Pinus sylvestris) but hosts a
mosaic of habitats, including lichen and moss forests, wetlands, lakes, human settlements,
and infrastructures. Human density is low, 0.3–1.2 habitants/km2, but logging activities
are widespread within the two herding communities [9], and the density of gravel roads is
high (1 ± 0.5 km/km2—mean and SD−; [30]).
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As of 2008, the brown bear population in Norrbotten was estimated at 1.2 individuals
per 100 km2 [31]. Bears prey on reindeer and moose neonates, which are seasonally
abundant in the study area. Within herding communities in Norrbotten, reindeer densities
have been estimated at 110 per 100 km2 [9], and moose densities in Northern Sweden range
between 40 and 90 individuals per 100 km2 in winter, before calving [32].
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2.2. Study Period—The ‘Bear Year’

On average, brown bears in Scandinavia hibernate for about six months, from October
until April–May [33]. After den emergence, bear mating season occurs until early July [34].
During this period, bears predate on reindeer and moose, coinciding with their respective
calving periods [12,14]. Around July, when the ungulate calving periods have ended, the
so-called “hyperphagia” period begins, and Scandinavian bears rely on berries for the rest
of their active season until the new hibernation period [35,36]. During the hyperphagia
period, the annual hunting seasons for bears and moose begin, at the end of August and
early September, respectively.

Based on this seasonality in bear behaviour, we analysed the potential variation in
bear habitat selection during early spring (pre-calving period), May (main reindeer calving
period; [37]), June (main moose calving period; [14]), and the summer months from July to
September (hyperphagia period; [9,36,38]).

2.3. GPS Locations of Bears

To assess the habitat selection and predatory behaviour of brown bears, 24 bears
were captured and fitted with GPS proximity collars between 2010 and 2012 after leaving
their dens in April/May [37]. Collars recorded positions of the bears regularly (every
30 min), and also every minute if the bears were within 100 m of one of the 2585 adult
female reindeers that were collared with UHF transmitters. All pregnant adult reindeer
females were equipped with a neck collar with UHF transmitters. To collar the bears,
captures were conducted from a helicopter using a remote drug delivery system (Dan-
Inject™) [39]. Protocols for capture and handling of bears were approved by the Swedish
Board of Agriculture, Uppsala Ethical Committee on Animal Experiments, and the Swedish
Environmental Protection Agency [40]. A copy of the protocol is provided by Arnemo and
Evans [39]. Of the 24 bears collared by Frank et al. [37], 15 were included in this study
because they overlapped the area with monitored reindeer herds.

2.4. Predation Data and Clusters of GPS Positions

The tracking regime (changing from 30 to 1 min depending on the proximity to
reindeer) helped us to identify predatory events in the field. Clusters of consecutive
positions within a very small area occurred when one of the collared bears came within
approximately 100 m of a reindeer with a UHF transmitter [37]. We identified the location
of these clusters on GIS and visited them in the field, accompanied by one of the reindeer
herders. This allowed us to determine whether a predation event had actually occurred,
and provided fine-scale information on the habitat characteristics of kill site, time of day
and date when the predation event occurred, sex and age of the prey species killed and
identification of the predatory bear.

Regarding bear predation on moose calves, whose mothers were not equipped with
collars, we searched for carcasses at clusters of bear GPS locations [14,19]. The different
methodology used for studying brown bear predation upon reindeer calves and moose
calves may limit the comparison of kill rates among these two prey species; however, it
still reflects the predatory behaviour of the bears studied.

Kill data was used to create two classes of bears: high predatory bears and low
predatory bears. The threshold for low/high predatory bears was determined as 0.4 kills
per day, i.e., the average kill rate by bears within this area [37]. An average was obtained
between 2011 and 2012 to improve the sample size of the data, by accounting for bears
that were monitored for a one year period only. Splitting the bears into low predatory
and high predatory groups enabled us to determine if predatory behaviour influences
the changes in habitat selection throughout the calving periods. Males and females were
grouped together to have a viable sample for comparison between predatory behaviour,
which holds higher importance to this study. Males utilised a larger area than females and
sometimes hunted outside of the research area, but we accounted for this by classifying
high and low predatory behaviour based on daily kill rates within the study area. An
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average of kill rates across the years recorded was used to account for other factors that
may influence the level of predatory behaviour exhibited by each individual (i.e., if an
individual had cubs one year but none the previous or next year). Using an average over
the years has allowed the study to look at baseline predatory behaviour for each individual
and thus examine the influence of predatory behaviour upon habitat selection.

2.5. Bear Habitat Selection

First, we estimated the monthly home ranges of each bear (Figure 2). We defined
availability by creating a 95% kernel home range, using the “href” method [41]. The
95% kernel home range was chosen for mapping availability, as this reduced the effect of
extreme outliers, but did not compromise the home range estimation significantly. We then
sampled random locations (10 times the number of locations used by the bears) to define
habitat availability randomly within the 95% kernel home range for each studied bear, to
create a presence/absence dataset for use in later generalised linear mixed modelling.
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Figure 2. Bear home ranges during: (a) pre-calving, (b) reindeer calving, (c) moose calving, and (d) post calving. The bears
were captured annually after leaving their dens in April/May, which accounts for the increase in number of bears studied
after the pre-calving period.

We extracted the habitat characteristics of used and available locations using habitat
variables that have been documented to influence bear, reindeer, and moose habitat se-
lection ([42–45]; Table 1). The environmental data consisted of land cover types, a digital
elevation model (DEM) and a road map of Sweden, as described by Sivertsen et al. [9]
(Vägkartan, Geographical Data Sweden, National Land Survey of Sweden). Habitats
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were reclassified into 11 land cover types (Table 1). Road data were obtained from a
1:100,000 road map in vector format (Vägkartan, Geographical Data Sweden, National
Land Survey of Sweden). We classified roads into smaller roads (mainly gravel roads)
and major roads (public roads with regular traffic). We calculated the Euclidean distance
from each location (i.e., real and random) to the nearest patch of each land cover type
and roads. The minimum distance to both road types throughout all periods was 0 km.
Maximum distances to roads throughout the periods was 24.12 km for public roads with
regular traffic and 14.95 km for gravel roads (Supplementary materials; Table S1). The
digital elevation model was used to obtain a terrain ruggedness index (TRI) using a moving
window of 5 × 5 size, with a cell resolution of 25 m2, which resulted in a window of 1.56 ha
around each location. TRI index values are low in flatter areas but high in both steep areas
and in steep, rugged areas [46]. All GIS analyses were carried out using ArcMap 10.3.1
software [47].

Table 1. Variables explored during the modelling process of brown bear habitat selection in Northern Sweden.

Variable Description Area (and Percentage Area) of
Variable within ‘Study Area’ Source

Coniferous Forest Minimum Euclidian distance to conifer forests (m)
(mixed ground flora and understory) 12,258 km2 (30.49%)

Geographical Data
Sweden [9]

Coniferous Lichen Forest Minimum Euclidian distance to conifer lichen forests
(m) (ground flora dominated by lichens) 4470 km2 (11.12%)

Geographical Data
Sweden [9]

Coniferous Moss Forest
Minimum Euclidian distance to conifer moss forests

(m) (ground flora dominated by mosses, includes
coniferous forests on bog)

850 km2 (2.11%)
Geographical Data

Sweden [9]

Deciduous Forest Minimum Euclidian distance to deciduous forests (m) 1574 km2 (3.92%)
Geographical Data

Sweden [9]

Mixed Forest Minimum Euclidian distance to mixed forests (m) 2871 km2 (7.14%)
Geographical Data

Sweden [9]

Open Area Minimum Euclidian distance to open areas, including
mountainous areas, bare ground, grasslands, etc. (m) 1389 km2 (3.45%)

Geographical Data
Sweden [9]

Water Minimum Euclidian distance to water bodies,
including lakes and rivers (m) 3197 km2 (7.95%)

Geographical Data
Sweden [9]

Wetland Minimum Euclidian distance to wetlands, including
peatlands and bogs (m) 7177 km2 (17.85%)

Geographical Data
Sweden [9]

Terrain Ruggedness
Index Score (TRI)

A variable calculated as the total length (m) of the
linear development of level curves within a 1.56 ha. N/A Geographical Data

Sweden [9]

Old Clear Cuts

Minimum Euclidian distance to clear cuts that are
between 6–12 years old or <2 m in the year 2000 (m)
(derived from 1:10,000 satellite images, taken from

2000 to 2012)

41 km2 (0.10%)
Utförd avverkning,

Swedish Forest Agency
2015 [9]

Recent Clear Cuts Minimum Euclidian distance to clear cuts that are
between 0 and 5 years old in the year 2015. 2610 km2 (6.49%)

Utförd avverkning,
Swedish Forest Agency

2015 [9]

Young Forest Minimum Euclidian distance to previous clear cuts
that are 2–5 m in the year 2000 (m) 3767 km2 (9.37%)

Utförd avverkning,
Swedish Forest Agency

2015 [9]

Public Roads with
Regular Traffic

Minimum Euclidian distance to public roads with
regular traffic (m) N/A

1:100,000 Vägkartan,
Geographical Data

Sweden, National Land
Survey Sweden, [9]

Gravel Roads Minimum Euclidian distance to gravel roads (m) N/A

1:100,000 Vägkartan,
Geographical Data

Sweden, National Land
Survey Sweden, [9]
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2.6. Statistical Analyses

We used resource selection functions (RSFs) based on logistic regression (estimated
using ML and Nelder–Mead optimiser) with the response variable being the used locations
(1: GPS locations (Supplementary materials; Table S2)) and available locations (0: random
location within individual home range) and the predictor variables described above. We
used a generalised linear mixed model (GLMM) with random intercept to account for
individual differences among bears in terms of amount of GPS locations and potential
individual variation in habitat selection. GLMMs allow for non-normal responses, unbal-
anced experimental designs and complex grouping structures [48]. Within the GLMM,
we described the individual bear as a random effect, whilst environmental variables were
considered as fixed effects. During exploration of the fixed effects, the variable ‘recent clear
cuts’ was dropped from the model due to collinearity. Removal of this variable reduced
correlation between variables and decreased the variance inflation factors (VIF; [48]) to
values below 3 for all other variables. In order to investigate the differences between high
and low predatory bears in their selection or avoidance of habitat variables that have been
documented to influence reindeer and moose habitat selection [9,49], we ran the same
models with an interaction between these variables (forests, old clear cuts, open areas, and
wetlands) and type of predatory behaviour.

Kill rates were compared between periods (pre-calving, reindeer calving; moose
calving; post-calving) and among sex using Kruskal–Wallis and Dunn tests. We conducted
all analyses with R 3.3.3 [50] and the packages ‘adehabitat’ [51] and ‘lme4’ [52].

3. Results
3.1. Bear Kill Rates

As expected, bear kills peaked during the reindeer calving period, when kills focused
upon reindeer calves and a smaller number of neonate moose (Table 2). Predation continued
throughout the moose calving period with similar average kill rates on both moose and
reindeer, but larger bear individual variation for predation upon moose. Average reindeer
kills were different among the periods (H = 15.4, df = 3, p < 0.01), whilst average moose
kills were not different among the calving periods (H = 3.23, df = 3, p > 0.05).

Assessing the predatory behaviour of the 15 bears surveyed, 8 showed high predatory
behaviour (>0.4 kills per day during the calving periods) and 7 showed lower predatory
behaviour (Table 2).

3.2. Bear Habitat Selection (Resource Selection Function)

When considering all bears (i.e., without differentiating between those with high or
low predation rates), wetlands and coniferous forests were consistently selected during the
four periods, whilst coniferous lichen forests, coniferous moss forests and mixed forests
were consistently avoided (Table 3). During the pre-calving period, bears selected areas
close to public roads with regular traffic and open areas, whilst avoided areas close to water
and gravel roads, rugged terrain, and old clear cuts. During the reindeer calving period
bears continued selecting for habitats closer to open areas and avoiding areas close to water
and old clear cuts, however, they changed to select habitats close to rugged areas and gravel
roads avoiding habitats close to public roads with regular traffic, deciduous and young
forests. The moose calving period was characterised by a significant number of changes
in bear habitat selection: areas close to deciduous forests, old clear cuts, and public roads
with regular traffic, previously avoided, were selected, whilst habitats closer to open areas,
previously selected, were avoided. Areas close to gravel roads continued to be selected
during the moose calving period, whilst habitats close to water and young forests were
avoided during this second pulse of calving. The post-calving period of hyperphagia was
characterised by a return to avoidance areas close to of gravel roads and rugged terrain, as
during the pre-calving period, and a selection for habitats closer to deciduous and young
forests, old clear cuts, and a novel selection for areas close to water, whilst habitats close to
open areas were avoided.
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Table 2. Level of predatory behaviour exhibited by each bear surveyed during the active period, combined for reindeer (R) (880 clusters visited) and moose calves (M) (267 clusters visited).
Individuals in grey showed high predatory behaviour.

Bear ID Sex Age
Total Kills per Period 2011 Total Kills per Period 2012 Average Kills

per Day, during
CalvingPre-Calving

(Early Spring)
Reindeer

Calving (May)
Moose Calving

(June)
Post-Calving

(July–September)
Pre-Calving

(Early Spring)
Reindeer

Calving (May)
Moose Calving

(June)
Post-Calving

(July–September)

1 Male unknown 13
(10R/3M)

4
(4M) 0.48

2 Male 7 1
(1M)

11
(7R/4M)

8
(8M)

1
(1M) 0.30

3 Female 3 1
(1M)

26
(23R/3M)

6
(1R/5M)

1
(1R)

5
(4R/1M)

2
(2R) 0.35

4 Female 13 2
(2R)

38
(35R/3M)

18
(1R/17M)

2
(2M)

5
(2R/3M) 0.62

5 Female 11 37
(37R)

2
(2M) 1.39

6 Female unknown 2
(1R/1M)

11
(11M) 0.31

7 Male 3 29
(26R/3M)

6
(6M)

1
(1M)

24
(24R)

2
(2R) 0.87

8 Male 10 14
(14R)

1
(1M) 0.54

9 Female 5 1
(1R) 0

10 Female 3 15
(15R)

8
(5R/3M)

14
(14R)

3
(3M) 0.44

11 Male 10 3
(3R) 0.21

12 Male 6 7
(6R/1M)

1
(1M) 0.38

13 Male 14 4
(3R/1M)

1
(1M)

1
(1M) 0.21

14 Female 8 4
(2R/2M)

6
(6M)

1
(1R)

38
(36R/2M)

3
(3M) 0.52

15 Female 8 13
(11R/2M)

5
(4R/1M) 0.43
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Table 3. Habitat selection of all bears during pre-calving, reindeer calving, moose calving and post-calving (hyperphagia).
Red indicates avoidance, blue indicates selection, and grey indicates no significant selection or avoidance (Full details of
coefficient values are provided in Supplementary materials; Table S3).

Period

Pre-Calving
(Early Spring)

Reindeer Calving
(May)

Moose Calving
(June)

Post-Calving (Hyperphagia)
(July to September)

Water

Wetlands

Open Areas

Deciduous Forest

Coniferous Forest

Coniferous Lichen Forests

Coniferous Moss Forests

Mixed Forests

Old Clear Cuts

Young Forests

Public Roads with Regular Traffic

Gravel Roads

Terrain Ruggedness Index

3.3. Differences in Habitat Selection between Low and High Predatory Bears

There was variation in habitat selection by high and low predatory bears throughout
the study periods (Table 4). During pre-calving, both high and low predatory bears
selected habitats closer to open areas and coniferous forests. Low and high predatory bears
avoided habitats closer to coniferous lichen forests and old clear cuts. High predatory
bears selected habitats closer to wetlands, deciduous forests, and young forests during
this period, whilst low predatory bears selected habitats closer to coniferous moss forests
and mixed forests. The interactions between landcover type and predatory behaviour
highlighted low predatory bears showed stronger selection for habitats closer to open areas,
whereas high predatory bears showed stronger selection for habitats closer to coniferous
forests and stronger avoidance of habitats closer to coniferous lichen forests.

Throughout the first calving period (reindeer calving), only one habitat type was
selected by both high and low predatory bears, habitats closer to wetlands, of which
bears with low predatory behaviour showed stronger selection. Multiple habitat types
were avoided by both groups of bears, including habitats closer to coniferous lichen
forests, coniferous moss forests, mixed forests and young forests. There was no significant
difference in avoidance of habitats closer to coniferous lichen and moss forests by the low
and high predatory bears; however, low predatory bears exhibited stronger avoidance
of habitats closer to mixed forests and young forests compared to high predatory bears.
High predatory bears selected habitats closer to deciduous forests and coniferous forests.
Low predatory bears selected habitats closer to open areas and old clear cuts during
reindeer calving.

Both predation groups selected habitats closer to wetlands, deciduous forests, conifer-
ous forests and old clear cuts during the moose calving period and avoided habitats close
to open areas and mixed forests. No significant difference in selection of areas close to
wetlands and deciduous forests was found between the two predatory groups; however,
low predatory bears showed stronger selection for habitats closer to coniferous forests and
old clear cuts. In addition, low predatory bears exhibited stronger avoidance of habitats
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close to open areas during the moose calving period. High predatory bears selected habitats
closer to coniferous lichen forests. Conversely, low predatory bears selected habitats closer
to coniferous moss forests and young forests during the moose calving period.

Table 4. Habitat Selection of high and low predatory bears during pre-calving, reindeer predation, moose predation and
hyperphagia. Red and (+) indicates selection, blue and (-) indicates avoidance, (++) indicates that bears with this predatory
behaviour show significantly stronger selection, (–) indicates that bears with this predatory behaviour show significantly
stronger avoidance, ns(−) or ns(+) indicates that there is no significant difference in the level of selection or avoidance by
bears with different predatory behaviour, with an overall selection (+) or avoidance (-) and ns indicates lack of significant
selection or avoidance (Full details of coefficient values are provided in Supplementary materials; Table S4).

Period

Pre-Calving
(Early Spring)

Reindeer Calving
(May)

Moose Calving
(June)

Post-Calving
(July to September)

Interaction High
Predatory

Low
Predatory

High
Predatory

Low
Predatory

High
Predatory

Low
Predatory

High
Predatory

Low
Predatory

Wetlands × behaviour + - + ++ ns(+) + -
Open Areas × behaviour + ++ - + - – - –
Deciduous Forest ×
behaviour + - + - ns(+) ns(+)

Coniferous Forest ×
behaviour ++ + + - + ++ ns(+)

Coniferous Lichen Forests
× behaviour – - ns(−) + - - +

Coniferous Moss Forests ×
behaviour - + ns(−) - + – -

Mixed Forests ×
behaviour - + - – - - - +

Old Clear Cuts ×
behaviour – - - + + ++ ++ +

Young Forests ×
behaviour + - - – - + - –

During the post-calving (hyperphagia) period both high and low predatory bears
selected habitats close to deciduous forests, coniferous forests, and old clear cuts while
avoiding habitats close to open areas, coniferous moss forests and young forests. The
section of habitats close to deciduous forests and coniferous forests was not significantly
different between the two predatory groups, yet the selection of habitats closer to old clear
cuts was stronger for high predatory bears. Avoidance of habitats close to open areas
and young forests was stronger for low predatory bears, whereas avoidance of habitats
close to coniferous moss forests was stronger by high predatory bears. High predatory
bears selected areas closer to wetlands throughout this period, where low predatory bears
selected habitats close to coniferous lichen forests and mixed forests.

4. Discussion

Bear habitat selection varied throughout the different periods of their annual active
season and between low and high predatory bears (Supplementary materials; Figure S1).
Differentiating habitat selection by high and low predatory bears pointed out subtle, sea-
sonal differences. These findings highlight those differences among individuals’ predatory
behaviour and are reflected on the selection of different habitat types by high and low
predatory bears. Therefore, our results show with empirical data that different levels of
specialisation in foraging behaviour helps to explain individual variation in bear habitat
selection, as suggested in earlier studies [28].

4.1. Changes in Habitat Selection during Predatory Periods

When the reindeer calving season started, brown bears changed their early spring
preference for habitats closer to wetlands, open areas far from human disturbance, and
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coniferous forests, and selected habitats closer to more rugged terrain and areas further
from gravel roads, but closer to public roads with regular traffic. This change corresponds
with the selection of habitats closer to higher elevations and more rugged terrain by reindeer
with young [44], i.e., bears adapted their habitat selection to overlap with their seasonally
available prey.

After the reindeer calving period, the moose calving season started and further
changes in bear habitat selection occurred, with an avoidance of habitats closer to open
areas, selection for areas closer to deciduous forests, old clear cuts, and areas further from
public roads with regular traffic. In contrast to reindeer, moose are not domesticated and
therefore have fewer barriers to dispersal, although they will actively avoid areas of human
disturbance [53]. In this season, bears also avoided areas close to human disturbance
and selected habitats closer to deciduous forests, which are also preferred by moose [45],
despite deciduous forests only representing 3.92% of the study area. In the post-calving
period, habitat selection of bears further from gravel roads likely reflects human avoid-
ance, as documented in several earlier studies for the Scandinavian bear population (e.g.,
Ordiz et al. [30,54]), in a season when bears rely on berries and several recreational human
activities are more common than in spring.

4.2. Differences in Habitat Selection between Low and High Predatory Bears

Interestingly, high and low predatory bears selected habitats differently in all study
periods with few habitats selected or avoided by both groups. Reindeer prefer habitats
associated to higher elevations, open forest stands and recent clear cuts [9,44,55]. During
the reindeer calving period, bears generally selected higher terrain ruggedness, with high
predatory bears selecting more for forested areas, as reindeer, than low predatory bears,
who selected more open areas. During this period, low and high predatory bears showed
differing selection for four landcover types, additionally low predatory bears showed
stronger selection and avoidance for three of the landcover types of which selection and
avoidance was the same between the two groups.

Female moose select for coniferous and peatland forest stands that provide both food
and cover and avoid open terrain during the calving season [45,56,57]. Both high and low
predatory bears also selected habitats closer to wetlands, deciduous forests, coniferous
forests, and old clear cuts during the moose calving period and avoided habitats closer
to open areas, therefore mirroring to a large extent the habitat types selected by moose.
Furthermore, the selection of habitats closer to wetlands and deciduous forest was not
significantly different for high and low predatory bears, highlighting that the selection of
habitats closer to these landcover types during the moose calving period is not determined
by level of predatory behaviour. Similar to the reindeer calving period, low predatory
bears highlighted stronger selection and avoidance compared to high predatory bears for
habitats close to open areas (stronger avoidance), coniferous forests (stronger selection),
and old clear cuts (stronger selection).

Throughout the two calving periods (reindeer calving and moose calving) high preda-
tory bears did not show stronger selection or avoidance of habitats close to the land cover
types examined, however stronger selection and avoidance was exhibited by high preda-
tory bears during the pre- and post-calving periods. Low predatory bears showed stronger
selection during both calving periods (three land cover types) and during the pre-calving
(one land cover type) and post-calving periods (two land cover types).

Individual variation in reindeer habitat selection has been highlighted by previous
studies, whereby reindeer have selected those habitats in which they perceive a smaller
risk to depredation [12] and where foraging opportunities are optimised [58,59]. It is
possible that the high predatory bears within this study showed less pronounced selection
of specific habitat types in order to become generalists, selecting habitats favoured by a
wider range of reindeer. On the other hand, low predatory bears have highlighted stronger
selection and avoidance, actively choosing specific habitat types during the calving periods,
thereby highlighting specialist behaviour.



Diversity 2021, 13, 678 12 of 15

4.3. Consequences for Conservation and Management of Large Carnivores

Female reindeer show risk-reducing behaviour and a high fidelity to calving sites in
consecutive years [12], a predictable behaviour that may be learnt by predatory bears. The same
strategy is likely useful for bears to track and eventually prey upon moose calves. Altogether, it
seems clear that individual differences in bear predatory behaviour drive observed differences
in their habitat selection. In addition to prey availability, other factors have been noted
to influence the habitat selection of large carnivores, including human disturbance [5] and
intra-species interactions [34], of which have not been examined within this study.

From a management perspective, reduction of bear density in calving areas was
considered the most efficient way to reduce depredation rates on reindeer [60]. Besides, it
was also suggested that a zoning system prioritising carnivore conservation and reindeer
herding in different areas might also help reduce conflict [61]. Furthermore, a varying
number of bears are annually culled in response to depredation on reindeer and their
calves. The present study reveals the habitat types that are seasonally favoured by both
prey and predators. This knowledge may help in developing forecasts of potential hotspots
of conflict and thus establish preventive actions (i.e., avoidance of specific landcover
types and increased vigilance of the herder during calving seasons) to reduce depredation
on reindeer.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/d13120678/s1: Table S1. Maximum distance (km) to public roads with regular traffic and
gravel roads during each calving period; Table S2. Number of GPS location points per bear for each
month between April and July during 2010, 2011, and 2012; Table S3. Coefficients of selection for the
distance to land cover classes obtained from GLMM modelling of brown bears locations in northern
Sweden during pre-calving, reindeer calving, moose calving, and post-calving periods; Table S4.
Coefficients of selection for the distance to land cover classes obtained from GLMM modelling of
brown bears locations in northern Sweden in relation to their predatory behaviour during pre-calving,
reindeer calving, moose calving, and post-calving periods; Figure S1. Predictive models for the
habitat selection of brown bears in northern Sweden in relation to their predatory behaviour during
(a) pre-calving, (b) reindeer calving, (c) moose calving, and (d) hyperphagia (post-calving) periods.
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