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Abstract Prey usually adjust anti-predator behavior to
subtle variations in perceived risk. However, it is not clear
whether adult large carnivores that are virtually free of nat-
ural predation adjust their behavior to subtle variations in
human-derived risk, even when living in human-dominated
landscapes. As a model, we studied resting-site selection by
a large carnivore, the brown bear (Ursus arctos), under
different spatial and temporal levels of human activity. We
quantified horizontal and canopy cover at 440 bear beds
and 439 random sites at different distances from human set-
tlements, seasons, and times of the day. We hypothesized
that beds would be more concealed than random sites and
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that beds would be more concealed in relation to human-
derived risk. Although human densities in Scandinavia are
the lowest within bear ranges in Western Europe, we found
an effect of human activity; bears chose beds with higher
horizontal and canopy cover during the day (0700—
1900 hours), especially when resting closer to human set-
tlements, than at night (2200-0600 hours). In summer/fall
(the berry season), with more intensive and dispersed
human activity, including hunting, bears rested further from
human settlements during the day than in spring (pre-berry
season). Additionally, day beds in the summer/fall were the
most concealed. Large carnivores often avoid humans at a
landscape scale, but total avoidance in human-dominated
areas is not possible. Apparently, bears adjust their behav-
ior to avoid human encounters, which resembles the way
prey avoid their predators. Bears responded to fine-scale
variations in human-derived risk, both on a seasonal and a
daily basis.

Keywords Concealment behavior - Disturbance -
Predator avoidance - Predator—prey relationships -
Ursus arctos

Introduction

In order to maximize their fitness, prey modify their habitat
use and movement patterns in response to predators, as they
must balance risks (mainly predation) and potential benefits
(e.g., foraging; Lima and Dill 1990). In a humanized bio-
sphere (e.g., Vitousek et al. 1986), man has become a uni-
versal predator. Human activity and developments induce
mortality, and human recreation disturbs the dynamics or
the eco-ethological characteristics of populations of many
animal taxa (Blanc etal. 2006). Evolutionarily adaptive
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behaviors have likely arisen after a long coexistence
between predators and prey, and it has been argued that dis-
turbance stimuli could even be analogous to predation risk
from an evolutionary perspective (Frid and Dill 2002).

Species with large spatial requirements, such as large
carnivores, use multiple-use landscapes at a large scale
(Noss et al. 1996), and in human-dominated environments a
very high proportion of their adult mortality is human-
induced (Woodroffe and Ginsberg 1998). Thus, large carni-
vores may alter their behavior to reduce encounters with
humans, e.g., by becoming more nocturnal, avoiding areas
with high human activity, or hiding in dense vegetation
(Boydston et al. 2003). It is well documented that prey can
reduce their perceived risk and fear via behavioral and mor-
phological modifications to the same degree that predator
behavior can increase the perception of risk in prey (see
Stankovich and Blumstein 2005), and prey are able to
adjust their anti-predator behavior to fine-degree variations
in the perceived risk (e.g., Martin and Lépez 2004). How-
ever, it is not clear whether adult large carnivores that are
virtually free of natural predation, therefore lack anti-preda-
tor behavior, and only recently (in an evolutionary perspec-
tive) have had to cope with humans, are able to flexibly
adjust their behavior to subtle variations in human-derived
risk.

To address this issue, we used the brown bear (Ursus
arctos) as a model species. Bears are threatened by human-
caused mortality, habitat fragmentation, and habitat loss,
both in North America and Europe (e.g., Servheen et al.
1999). Brown bears need large areas of habitat with suffi-
cient availability of food and cover to satisfy their lifetime
requirements (e.g., Swenson et al. 2000). The persistence of
brown bear populations depends on habitat quality, human
density, and human behavior (e.g., Mattson et al. 1996).
Indeed, brown bears tend to avoid human activity through-
out their range (e.g., Mace et al. 1996). In a large area that
included our study site, Nellemann et al. (2007) found that,
for comparable habitat and terrain types, bear density
increased substantially with increasing distance to towns
and resorts. Bears also avoid humans by altering their tem-
poral use of areas with high recreational activities (Rode
et al. 2006a).

To avoid encounters, detection, and capture, prey have
developed behavioral defenses against predators. As a met-
ric of wariness, much attention has been paid to the dis-
tance at which an individual prey initiates flight when
approached by a predator (e.g., Blumstein 2006). Other sur-
rogates of perceived risk include the amount of activity in
the presence versus absence of predators (Stoks et al.
2003), shifts in habitat choice (Kotler etal. 1991), fre-
quency of vigilance or use of alarm signals (Blumstein
2007), and group size (Heard 1992). Most of these
approaches are not strictly applicable for large carnivores,
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which are usually scarce, solitary, elusive, and nocturnal.
However, radio-tracking techniques can allow the identifi-
cation of responses of large carnivores to human presence,
because large carnivores usually avoid humans at a large
scale. For example, the location of wolf (Canis lupus)
breeding and rendezvous sites depends more on the distri-
bution of villages and roads than on habitat types (The-
uerkauf et al. 2003), and Scandinavian bears try to avoid
large human settlements and resorts (Nellemann et al.
2007) and select winter dens where human disturbance
could be minimized (Elfstrom et al. 2008).

However, total avoidance of people in human-dominated
landscapes is not possible. Cover is a key habitat factor that
may lower the risk of mortality by reducing the chance of
detection and hindering attacks (Mysterud and @stbye
1999), and it is important for many animal groups, includ-
ing carnivores. For instance, American black bears (Ursus
americanus) select for a mosaic of habitat types that pro-
vide cover near food resources (Lyons et al. 2003); Euro-
pean badgers (Meles meles) need cover for the selection of
diurnal resting dens, even in a highly protected national
park where disturbance by people is expected to be low
(Revilla et al. 2001); spotted hyenas (Crocuta crocuta) are
able to persist in areas with increasing livestock pressure by
relying on dense cover (Boydston etal. 2003); and the
availability of cover for resting during daytime is probably
the limiting habitat requirement for European lynx (Lynx
lynx) in human-dominated areas (Sunde et al. 1998). Also,
the availability of cover is important in determining how
human activities influence brown bear habitat use (e.g.,
Suring et al. 2006). Bears may adapt to living in human-
dominated landscapes by choosing denser habitat when
closer to people. Bears in the Italian Alps avoid areas of
major human activity and forage most intensively in areas
with a high degree of cover (Preatoni et al. 2005).

Prey sensitivity to the risk of predation while resting is
shown by the different tactics frequently used, e.g., hiding
cryptically in the safest possible areas, orienting the detec-
tion senses toward the most likely direction of approach by
a predator, or forming groups (see Semeniuk and Dill
2005). Improving our knowledge on animals’ adaptive
behaviors, such as foraging, patch use, and habitat selec-
tion, can be useful for conservation (Morris et al. 2009).
For large carnivores, activities such as feeding (e.g., diet
analyses) or movement (e.g., home-range estimations) are
better documented than resting-site selection, although ani-
mals devote much time to resting. For instance, Scandina-
vian brown bears rest ~12h a day, with a short (~3 h)
resting period in the night and the longest (~9 h) in the day
(Moe et al. 2007). Legal hunting, which takes place during
the day, is the single most important cause of mortality for
brown bears in Sweden, with human-caused mortality
accounting for 86.5% of confirmed deaths of radio-marked
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animals between 1984 and 2006 (Bischof et al. 2009).
Thus, it can be expected that large carnivores are very
selective when choosing their daily resting sites, which
makes the study of this selection of prime importance for
their ecology and conservation. Technical limitations have
likely hindered such fine-scale studies until recently.

We have used GPS radio-tracking combined with field-
work to estimate the “fear” (i.e., the perceived risk; sensu
Stankovich and Blumstein 2005) of bears towards humans
at a fine scale, by measuring the amount of concealment
around their temporary resting sites (beds). We analyzed
the concealment, i.e., horizontal and canopy cover, at beds
of GPS-collared bears at different distances from human
settlements, different times of the day, and in relation to
seasonal shifts in human activities throughout the non-den-
ning season. We aimed to understand the very fine-scale
behavior and requirements of a large carnivore when
choosing resting sites in relation to human-derived risk. If
fine-scale adjustment in bed selection were a response to
human-derived risk, we would expect to find that beds were
(1) more concealed than random sites, (2) more concealed
during the day, when humans are more active, than during
the night, (3) more concealed close to human settlements
than further away, and (4) more concealed in late summer-
early fall (when human activity outdoors is most common
and includes hunting) than in spring.

Materials and methods
Study species and study area

Brown bears are large but shy, and usually use cover when
resting (Servheen et al. 1999). Here, we refer to resting as a
daily process, as opposed to denning, which refers to winter
hibernation. Although brown bears are primarily diurnal
throughout their range in North America (Munro et al.
2006), they are often nocturnal where human activity is
high, both in North America (e.g., Gibeau et al. 2002) and
in Europe, where the highest activity levels occur during
the crepuscular-nocturnal hours (Kaczensky et al. 2006). In
Scandinavia, the brown bear has been hunted intensively
for hundreds of years in an attempt to exterminate the spe-
cies. Bears were protected from hunting on state land in
Sweden in 1913, but hunting became legal again in 1943
and has been managed by quotas since 1981 (Swenson
et al. 1995). The annual brown bear hunting season starts
on 21 August in Sweden and bears are hunted for approxi-
mately 2 months or until quotas are filled. Hunting is
allowed from 1 h after sunrise until 2 h before sunset. Small
game hunting starts earlier in the summer (July and August)
and moose hunting starts at the beginning of September and
continues after the onset of bear winter denning.

The study was carried out in 2007 in Orsa Finnmark
(Dalarna and Gévleborg counties, central Sweden) near the
southernmost distribution of the Scandinavian brown bear
population (61°N, 15°E). The 2,100-km? study area is cov-
ered with managed productive forest (80%), mainly com-
posed of Scots pine (Pinus sylvestris), Norway spruce
(Picea abies) and birch (Betula spp.), with gravel roads
spread densely throughout the area. Heather (Calluna vul-
garis), grasses, and berry-producing shrubs dominate the
understory vegetation (see Elfstrom et al. 2008 for further
details) and bogs and lakes occupy the remaining area. The
human settlements consist of a few scattered small villages
(n=24) and few seasonally used single houses. In 2007,
human density in the municipalities ranged from 4.1 to 7.1
habitants per km? (Statistics Sweden 2008); our study area
is located at the lowest density range, with 2—150 habitants
per settlement. Bear density is about 30 bears per
1,000 km? (Bellemain et al. 2005).

Selection of the resting sites visited in the field

Twenty-two bears (17 females and 5 males) were equipped
with GPS-GSM collars (Vectronic Aerospace, Berlin, Ger-
many). For details on capturing and marking, see Arnemo
et al. (2006) and Arnemo and Fahlman (2007). By the time
the fieldwork was done, these bears had been radio-tracked
for 3.5 years on average (range 0.5-13 years). The collars
were programmed to obtain a location every half hour, giv-
ing a maximum of 48 locations per 24 h. The coordinates
and time were obtained by the NAVSTAR global position-
ing system (Rodgers et al. 1996). The locations were sent
via SMS and downloaded to a 1:50,000 map in the ArcGIS
(Geographic Information System) 9.0 software (2004;
Environmental Systems Research Institute, Redlands, CA,
USA). We defined a cluster as a minimum of three consecu-
tive locations within a circle of 30-m radius, i.e., an area
where the bear spent >1.5 h, suggesting resting behavior.
We visited 518 clusters and recorded all bear signs within a
30-m radius set around the most central bear location of
those composing the cluster. Most of the clusters (85%)
contained at least one bear bed. To avoid doubts, a bed was
defined as a bear bed (hereafter, bed) only if it contained
bear hairs. No bed was visited twice by any bear. From late
April to October (non-denning season; Friebe et al. 2001),
we visited clusters corresponding to nocturnal and diurnal
resting periods, >48 h after the bear used the area, and after
we confirmed that no marked bear was there, to avoid dis-
turbance.

Measurement of horizontal and canopy cover

We measured the concealment of the bed closest to the cen-
ter of the cluster. A cover cylinder (60 cm high, 30 cm
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wide; Ordiz etal. 2009) was placed in the bed and we
walked in the four cardinal directions and one random
direction to measure the sighting distances, i.e., the mini-
mum distance required for the device to be completely hid-
den (Mysterud and @stbye 1999). Thus, the shorter the
sighting distance, the more horizontal cover the bed had.
The average sighting distance value at beds was similar
(t=—0.36, n =440, p = 0.72) when obtained from the ran-
dom (21.4 4+ 13.8 m; mean + SD) and the four cardinal
directions (21.2 £ 10.8 m). To compare bed site conceal-
ment with the surrounding habitat, we also measured sight-
ing distance from a random direction at a randomly selected
point 50 m from every bed, and used the measurements of
cover from random directions at beds and random sites to
compare them. Canopy openness was measured above
both the beds and the randomly selected point with a densi-
ometer (Lemmon 1956) held on top of the cylinder. The lower
the canopy openness, the more canopy cover the bed had.

Temperature might influence the selection of bed sites
(Mysterud 1996). We installed a temperature logger (Easy
Log OM-EL-USB1; Omega Engineering, Manchester, UK)
at six permanent sites to record the temperature every
30 min during the field season. The loggers were placed in
the main habitat types present in the study area, i.e., mature
forest, intermediate-age forest, young forest, swamp forest,
tree-rich bog, and clear cut (from Karlsson and Westman
1991). Finally, at each cluster, we measured the distance
from the selected bed to the edge of the closest different
main habitat type.

Statistical analyses

We used generalized linear regression models to analyze
the difference between beds and random sites. Bed-site
selection can be considered as a discrete choice between
the observed bed site and the paired random site, as has
been used to analyze bed selection by roe deer (Van
Moorter et al. 2009). Manly et al. (2002, p. 152) proposed
the analysis of the discrete-choice problem with a logistic
regression using the difference in scores for the habitat
variables between the selected and the paired site with a
zero intercept. Secondly, only for places actually used by
bears for resting (i.e., beds), we analyzed the effect of sev-
eral variables on sighting distance (response variable for
horizontal cover) and on canopy openness (response vari-
able for canopy cover). Sighting distance and canopy
openness were log-transformed to improve model perfor-
mance, avoiding overdispersion of the deviance. The fol-
lowing list of variables included environmental aspects,
animal-related variables, and human-related variables,
which may help explain the selection of bed sites and their
characteristics:
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1. Day/night: the core resting periods previously defined
for this bear population were 0000-0330 and 0900-
1800 hours (Moe etal. 2007). For this study, we
adjusted them to outdoor human-activity periods, thus
considering beds from 0700 to 1900 hours as day beds;
and from 2200 to 0600 hours as night beds. All times
refer to GMT + 2 h.

2. Straight-line distance to the closest permanently inhab-
ited human settlement.

3. Daylight length: minutes of daylight for every day
within the study period (data from Astronomical Appli-
cations Dept, US Naval Observatory Washington, DC
20392-5420).

4. Sex: male (n =15) or female (n = 17; only two females
had cubs during the whole season).

5. Age: adult (n=18 bears >4 years old) or subadult
(n = 4 bears <4 years old).

6. Temperature: we used an average daily value of the six
temperature loggers, based on values recorded between
0100 and 0200 hours for night beds and between 1300
and 1400 hours for day beds, as predictor values to be
compared with the concealment of every bed.

7. Season: spring (26 April-15 July) and summer/fall (16
July—11 October). Brown bear behavior, habitat use,
and movement patterns change seasonally during the
non-denning period (e.g., Mueller etal. 2004; Moe
et al. 2007). The spring season includes the bear mating
season (Dahle and Swenson 2003), and the summer/fall
season is the period of hyperphagia, when bears eat
copiously to gain fat reserves for winter denning (e.g.,
Farley and Robbins 1995). Also, there is higher human
activity in the entire area during the summer/fall season
(e.g., berry picking and hunting, including small game,
moose Alces alces and bear hunting) than in the spring
season. The boundary between seasons was set to 15
July, when berries began to be a main, consistent com-
ponent of the bears’ diet, based on visual inspection of
scats in the field. This temporal division has been used
in previous studies on this species, both in North
America (e.g., Heard et al. 2008) and Europe (e.g.,
Moe et al. 2007 in our study area).

The most general models included all of the above vari-
ables and meaningful interactions among them. Because
temperature and daylight length were highly correlated
(r=0.87), only daylight length was included in the final
selection process, because it was a more explanatory vari-
able in the analyses. In addition, daylight length was a rele-
vant variable to include, because bear hunting is allowed
only during the day (see “Materials and methods”). Thus,
we chose this variable because of its capacity to reflect a
potential effect of temperature and it also reflected the daily
hunting interval quite closely. We performed and compared
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generalized linear models with the Akaike Information Cri-
terion (AIC; Akaike 1974). We used an information-theo-
retic approach and constructed candidate models that would
predict each response variable. We compared the support
for models according to differences in their AIC scores, and
calculated Akaike model weights (Link and Barker 2006).
We also included individual bear identification as a random
effect in generalized linear mixed versions of the selected
models for horizontal and canopy cover at beds. However,
the variation explained by the random effect was negligible
(as shown by likelihood ratio tests comparing the best
model with and without random effect) and therefore was
omitted from the final models. We used the statistical pack-
age R 2.11.0 (R Development Core Team 2009) in all sta-
tistical analyses.

Results

We analyzed the concealment around 440 beds (220 day
beds and 220 night beds), and 439 random sites. The beds
had been used by 22 different bears; 20 &+ 13.6 (mean +
SD) beds per individual. The mean distance from a bed
to the closest different main habitat type was short,
10.7 £ 7.0 m.

In agreement with our predictions, both horizontal and
vertical cover were denser (lower sighting distance and
lower canopy openness, respectively) at beds (and espe-
cially day beds) than at random sites (Table 1; Fig. 1).

Horizontal cover at beds was denser during the day than
at night, denser when closer to human settlements, denser
with increasing daylight length, and denser during summer/
fall (“berry season”). The interactions that persisted in the
best model indicated that horizontal cover at beds was espe-
cially dense during the day in the summer/fall season, and
only diminished far from settlements and with shorter (i.e.,
darker) days (see Table 1 and Appendix 1 in ESM). Canopy
cover at beds was also denser in the summer/fall season,
denser when closer to human settlements, diminished dur-
ing the night far from settlements and also diminished dur-
ing the night with increasing daylight length, and canopy
cover diminished during the night in the summer/fall sea-
son.

Discussion

As we expected, we found (1) denser cover at beds than at
random sites and (2) denser cover at day beds than at night
beds. Day beds were better concealed in summer/fall, even
though bears rested further from human settlements in that
season (hypotheses 3 and 4), when there were more people
and human activities in the study area, including hunting.

Despite the low human density in our area, humans had a
clear effect on brown bear selection of cover at resting sites.
Bears apparently detected shifts in human activities within
very short temporal frames, both on a seasonal and a daily
basis, hiding further away from settlements and in denser
cover when the chance to meet humans was greater. Thus,
bears appeared to be able to finely adjust their bed-site
selection to the perceived human-derived risk, suggesting
the evolution of fine-scale anti-predator behavior in this
large carnivore. day beds were especially well concealed
during summer/fall, which would help bears avoid detec-
tion and the costs and risks of fleeing. Escape theory sug-
gests that prey monitor approaching predators to assess
predation risk and will escape only when the risk reaches
some level in relation to the cost of escaping (Cooper
2008). If cover is far away, so that the chances of escaping
are reduced, an animal may flee sooner than if cover is at
hand (Ydenberg and Dill 1986), and escaping implies the
loss of benefits that could be obtained by not fleeing, plus
costs of emerging, e.g., energetic expenditure or risk of
injury (Cooper and Frederick 2007). Thus, presumably
bears select beds in a way that minimizes detection and the
consequential need and costs of fleeing. The use of protec-
tive cover is commonly associated with high predation risk;
hiding under vegetation may be especially adaptive during
the day as a defense against visually oriented predators, and
it is common that prey species that are exposed to visually
oriented predators (e.g., birds of prey) use more open areas
during the night than during the day (Moreno et al. 1996).
Hunted brown bears appeared to show the same behavior.
As humans are visually oriented predators, we would
expect day beds to be as concealed as possible, as with
ungulates selecting dense vegetation with limited visibility
to conceal their fawns (Bongi et al. 2008).

In the summer/fall season, when human activity was
more common, more dispersed, and more dangerous (hunt-
ing), bears seemed to increase their avoidance of encoun-
ters with people by increasing the distance of their beds to
human settlements, by choosing denser horizontal and can-
opy cover, and, as previously documented in our study
area, by becoming more active at night (Moe et al. 2007).
Bears also used denser vegetation for both horizontal and
canopy cover at day beds nearer human settlements. Inter-
estingly, day/night did not mean light/dark at our boreal lat-
itude (>9h of daylight change in the study period), but
rather reflected outdoor human activity (day), including the
hours of the day when hunting occurs, versus human rest-
ing periods (night). Mueller et al. (2004) also found that
brown bears in Alberta, Canada, moved away from human
development in periods of high human activity (0700-
1800 hours) and were closer when human activity dimin-
ished (1800-0700 hours). In our case, daylight length, a
surrogate of both temperature and the time of the day when
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Table 1 List of candidate and selected models for bed/random site, horizontal cover at beds (sighting distance as response variable) and canopy
cover at beds (canopy openness as response variable), respectively. We show AIC values, differences in AIC values between the best model (lowest

AIC) and each candidate model (AAIC), and AIC weights (Wi)

Response variable: bed/random site® AIC
H_Diff:O_Diff + (H_Diff:O_Diff):Time 458.37
Response variable: horizontal cover at beds (log sighting distance)® AlIC AAIC Wi
Time + S + log(D) + DL + Time:S + log(D):DL 813.83 0 0.35
Time + S + log(D) + DL + Time:S + log(D):DL + S:log(D) 814.23 0.40 0.28
Time + S + log(D) + DL + Time:S + Time:log(D) + log(D):DL + S:log(D) 815.28 1.45 0.17
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + log(D):DL + S:log(D) 816.82 2.98 0.08
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + log(D):DL + Time:log(D):S + S:log(D) 818.35 4.52 0.04
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + S:DL + log(D):DL + S:log(D) 818.76 4.93 0.03
Time + S + log(D) + DL 818.96 5.13 0.03
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + S:DL + log(D):DL + Time:log(D): 820.32 6.49 0.01
S + S:log(D)
Time + S + log(D) + DL + Age 820.83 6.99 0.01
Time + S + log(D) + DL + Sex + Age 822.80 8.97 <0.01
Time + S + log(D) + DL + Sex + Age + Time:S + Time:log(D) + Time:DL + S:DL + log(D): 824.29 10.45 <0.01
DL + Time:log(D):S + S:log(D)
Time + S+log(D) + DL + Sex + Age + Time:S + Time:log(D) + Time:DL + Time:Sex + Time:Age + 832.63 18.80 <0.01
S:DL + S:Sex + S:Age + log(D):DL + log(D):Sex + log(D):Age + Time:log(D):S + S:log(D)
Response variable: canopy cover at beds (log canopy openness)° AIC AAIC Wi
Time + S +1 og(D) + DL + Time:S + Time:log(D) + Time:DL 1,390.13 0 0.46
Time + S + log(D) + DL + Age + Time:S + Time:log(D) + Time:DL + S:Age 1,391.33 1.19 0.25
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + log(D):DL + S:log(D) 1,392.48 2.35 0.14
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + S:DL + log(D):DL + S:log(D) 1,394.02 3.89 0.07
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + log(D):DL + Time:log(D):S + S:log(D) 1,394.48 4.35 0.05
Time + S + log(D) + DL + Time:S + Time:log(D) + Time:DL + S:DL + log(D): 1,396.02 5.89 0.02
DL +Time:log(D):S + S:log(D)
Time + S + log(D) + DL + Time:S + Time:log(D) + log(D):DL + S:log(D) 1,400.37 10.24 <0.01
Time + S + log(D) + DL 1,401.87 11.74 <0.01
Time + S + log(D) + DL + Age 1,403.87 13.74 <0.01
Time + S + log(D) + DL + Sex + Age 1,404.83 14.69 <0.01
Time + S + log(D) + DL + Sex + Age + Time:S + Time:log(D) + Time:DL + Time:Sex + Time:Age + S: 1,405.76 15.62 <0.01
DL + S:Sex + S:Age + log(D):DL + log(D):Sex +log(D):Age + Time:log(D):S + S:log(D)
Time + S +log(D) + DL + Time:S + log(D):DL + S:log(D) 1,406.04 15.90 <0.01

% H_Diff difference in horizontal cover between a bed and the associated random site, O_Diff difference in openness between a bed and the asso-

ciated random site, time day/night

® Time day/night, S spring and summer/fall season, DL daylight length, D distance to human habitation, age adult/subadult

hunting occurred, and the human-associated variables (dis-
tance to human settlements and day/night) influenced bear
selection of cover at beds the most.

Both horizontal and canopy cover were denser at beds
than at random sites (only 50 m away from the beds), which
suggests a very fine-scale habitat selection. In our area, the
median habitat patch size is 22,500 m?, which implies an
average maximum exit distance of 85 m (Moe et al. 2007).
Thus, a median habitat patch size would usually include the
random sites 50 m from the beds, unless the beds were near
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the edges of habitat patches. Bears were indeed quite close
to habitat patch edges (10.7 £ 7.0 m to the next habitat
type) and random sites at 50 m often fell in a different habi-
tat patch. Thus, 50 m was a distance large enough to docu-
ment such fine-scale selection by the bears. Indeed, bears
use forest edges more than other large carnivores in Scandi-
navia (May et al. 2008), and Moe et al. (2007) found bear
beds in dense habitats with more open surroundings. Like-
wise, Lyons et al. (2003) often located black bears near
edges of closed canopy classes in North America. This
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Fig. 1 The horizontal cover measured as sighting distance in meters
(mean + SD) at brown bear (Ursus arctos) resting beds (n = 440;
black) and random sites (n = 439; gray), at a day and b night, during
the spring and the summer/fall seasons in Sweden

could be due to the denser protective cover at edges than in
mature stands, which may protect the animals from olfac-
tory predators (e.g., bear-hunting dogs), because turbulence
and updrafts occur along edges and it has been reported that
dogs have difficulty following scent when they cross from
one habitat type to another (Conover 2007 and references
therein).

Bear beds are one-use resting sites chosen for rest during
some hours, either at night or during the day (see above).
For prey species, predation risk varies in space and time,
which may be the reason why refuges, such as dense vege-
tation, are used in a flexible way, depending on the pres-
ence/absence of predators (e.g., Sih 1992). Our fine-scale
approach showed that bears are able to discriminate among
different perceived risks. The presence of hunters (annually
~700 big-game hunters plus small-game hunters visit the
2,100-km? study area) and berry pickers likely explained
the bears’ choice of denser horizontal cover during the day
and the larger distances to human settlements in the sum-
mer/fall season. The fact that horizontal cover at random
sites associated with night beds did not differ between
spring and summer/fall seasons, but random sites associ-
ated with day beds were more concealed in the summer/fall
season (Fig. 1), emphasized that bears selected denser habi-
tats, not just denser cover, at bed sites when human activity
was more intense and dispersed. However, more openness
at night might facilitate monitoring of a potential predator
to determine its position and behavior to assess risk
(Cooper 2008).

The distribution of bears in relation to disturbance has
been reported to vary with sex, age, and social status; bears
closer to large settlements and resorts (<10 km away) were
on average 27-51% younger than in areas beyond
(Nellemann et al. 2007). Sexual dimorphism and differing

reproductive tactics also led to sexual segregation in habitat
use by bears in relation to human disturbance (Rode et al.
2006b). Female ungulates select habitats with more hori-
zontal cover than males (Mysterud and @stbye 1999). Beds
of subadult bears appeared to have lower canopy cover than
beds of adult bears during the summer/fall season, but our
sample was biased towards adult bears (81%), and mainly
females (77%), which may have affected the potential influ-
ence of sex and age. Intra-specific killing of subadult bears
has been documented. In Scandinavia, 86% of known cases
occurred during the spring, the mating season (Swenson
etal. 2001), a pattern also observed in North America
(Mattson et al. 1992). Taken together, our results rather
suggest that bears prioritized human avoidance over bear
avoidance, although it is probably easier for bears to avoid
humans than other bears. The random effect (individual
bear identification) did not appear to be necessary in the
final models, suggesting a general, well-developed bear
behavior to hide further away from human settlements dur-
ing the day, also relying on dense horizontal cover.

Given the importance of storing fat during hyperphagia,
the essential foraging season for successful bear hiberna-
tion and cub production (Farley and Robbins 1995), a large
allocation in security may also imply foraging costs for the
animals (Brown and Kotler 2004). An allocation in security
may reduce time for foraging, which should be the main
activity of brown bears during the hyperphagia season.

The results of our study, carried out at the lowest human
density within the distribution of bears in Western Europe,
stress the importance of cover for large carnivores and are
relevant to reducing conflicts with people. As a manage-
ment mitigation, people could be encouraged to avoid areas
with dense vegetation or rugged terrain, i.e., areas with low
accessibility for humans, which appear indispensable for
the occurrence and survival of large carnivores (e.g., Naves
et al. 2003; Ferndndez et al. 2006), to minimize potential
interactions and as a safety measure for both large carni-
vores and humans.

We have documented that the brown bear, like any prey,
is able to discriminate among subtle differences of potential
risk from the human predator. Brown bears have coexisted
with Homo spp. for at least 1 million years in Eurasia (e.g.,
Stiner 1999), but scarcely 10,000-20,000 years in North
America. Thus, one would expect a greater antipredator
(“antihuman’) behavior to have evolved in the Old World
than in the New World. For instance, European brown
bears show higher activity levels during the crepuscular-
nocturnal hours than some North American populations
(see “Materials and methods”). Nocturnal habits help bears
avoid people and likely have allowed them to survive in
areas with relatively high human densities, a pattern also
observed when comparing Eurasian and North American
wolves (Woodroffe 2000). Also, the careful avoidance of
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people by Scandinavian bears, both on a daily and seasonal
basis, depending on perceived risk, could be a result of the
long-term human persecution that almost eradicated the
species in Scandinavia by 1935 (Swenson et al. 1995) in
addition to an effect of the current hunting regime.
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