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NO-1432, Ås, Norway; 2Department of Wildlife, Fish, and Environmental Studies, Swedish University of Agricultural

Sciences, SE-901 83, Umeå, Sweden; 3Department of Chemistry, Biotechnology and Food Science, Norwegian
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Summary

1. Some large carnivore populations are increasing in Europe and North America, and mini-

mizing interactions between people and carnivores is a major management task. Analysing

the effects of human disturbance on wildlife from a predator–prey perspective is also of con-

servation interest, because individual behavioural responses to the perceived risk of predation

may ultimately influence population distribution and demography.

2. The Scandinavian brown bear population provides a good model to study the interactions

between an expanding large carnivore population, and people who use forests extensively for

professional and recreational activities. We experimentally approached 52 GPS-collared

brown bears (293 approaches on foot) from 2006 to 2011, to document the reaction of bears

and quantify the effect of disturbance on bear movements.

3. None of the bears reacted aggressively to the observers. Although the location of the

animals was known, bears were usually in quite concealed spots and were physically detected

in only 16% of the approaches (seen in 42 approaches; heard in 6). However, the bears

altered their daily movement patterns after the approaches. Bears increased movement at

night-time and moved less at daytime, which was most visible in days 1 and 2 after the

approaches, altering their foraging and resting routines.

4. Synthesis and applications. We provide experimental evidence on the effect of human dis-

turbance on a large carnivore. The lack of aggressive reactions to approaching observers rein-

forces the idea that European brown bears generally avoid people, although bears can

respond aggressively if they feel threatened (e.g. when wounded). However, the movement

patterns of the bears changed after disturbance. Separating large carnivores and people

temporally and spatially is an important goal for conservation and management. Conserving

the shrub cover that provides concealment to the carnivores and keeping people away from

the most densely vegetated spots in the forests is a way to avoid encounters between carni-

vores and people, therefore promoting human safety and carnivore conservation.

Key-words: behaviour, conservation, experimental disturbance, human–wildlife interactions,
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Introduction

Most studies on human–wildlife ‘conflict’ report damages

caused by animals, from small birds to the largest

mammals, to human property, safety or valuable resources

(Peterson et al. 2010). In turn, human–wildlife interactions

cause a large proportion of wildlife mortality and behavio-

ural responses that can imply demographic costs (e.g.

Moore & Seigel 2006 for reptiles; Müllner, Linsenmair &

Wikelski 2004 for birds; Harrington & Veitch 1992 for

mammals). Behavioural responses to human disturbance

are indeed of conservation and management concern,

because they can be even more important for population*Correspondence author. E-mail: andres.ordiz@gmail.com
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dynamics than direct demographic effects (Pauli & Buskirk

2007).

The study of animal behaviour in recent decades has

helped understand ecological patterns (Sih et al. 2012). An

animal’s perceived risk of predation influences its foraging,

reproduction, hiding and fleeing behaviours (Lima & Dill

1990), and such responses are adaptive traits that influence

population dynamics (Valdovinos et al. 2010). Given that

adaptive behaviours are likely to have arisen after a long

coexistence between predators and prey, disturbance stim-

uli could be analogous to predation risk from an evolu-

tionary perspective (Frid & Dill 2002). Behavioural

responses such as the modification of movement patterns

or habitat use are often the first reaction that animals show

to environmental changes and help determine the capacity of

a species to cope with human-induced changes (Tuomainen

& Candolin 2011). This predator–prey framework can be

useful to study how large carnivores (e.g. wolves Canis

lupus, brown bears Ursus arctos, lions Panthera leo;

Linnaeus 1758) behave in a human-altered environment

(Rode, Farley & Robbins 2006; Ordiz et al. 2011, 2012).

Large carnivores are elusive animals, which stresses the

need of understanding the effects of human activities on

their behaviour, as cautious species are more susceptible to

human disturbance and to exhibit declining populations

than bolder ones (Sih et al. 2012).

Predation on livestock and occasional attacks to people

are the most conflict-causing interactions between large

carnivores and humans (Graham, Beckerman & Thirgood

2005). In turn, humans cause the majority of large carni-

vore mortality and have caused severe population reduc-

tions and extirpations worldwide (Woodroffe & Ginsberg

1998). However, some large carnivore populations are

now increasing and some people living in recolonizing

areas oppose their recovery. This is a major concern for

the conservation and management of these species, whose

large spatial requirements and use of multiple-use land-

scapes increase their contact with people, and this is

occurring now in Europe (Enserink & Vogel 2006) and

North America (Bruskotter & Shelby 2010).

Brown bears in Scandinavia provide a model to analyse

the interactions between an expanding large carnivore

population and people. This bear population was almost

extinct by 1930, but recovered and reached c. 3300 bears

in 2008 (Kindberg et al. 2011). GPS-collared bears were

approached by Moen et al. (2012) to document their

reactions when meeting people in Scandinavian forests.

Most bears (80%) ran away and none behaved aggres-

sively towards the observers, reinforcing the idea that

European bears are generally not aggressive to people

(Moen et al. 2012). Likewise, Karlson, Eriksson & Liberg

(2005) approached Scandinavian wolves, which always

fled from the observers.

Large carnivores often respond behaviourally to reduce

encounters with humans. Bears select resting sites in den-

ser vegetation with an increasing human activity (Ordiz

et al. 2011); lions avoid the vicinity of cattle posts (Valeix

et al. 2012); and selection of breeding sites by wolves is

influenced by villages and roads (Theuerkauf, Rouys &

Jedrzejewski 2003). Yet, beyond the evaluation of the ani-

mals’ fear (i.e. perceived risk, Stankovich & Blumstein

2005) and immediate reactions, it is important to docu-

ment experimentally how long the effects last after the

carnivores encounter people. Long-term effects of human

disturbance on individual behaviour can have implications

at population and community levels, and human activity

can constrain the ecological role that carnivores play in

ecosystems (Ritchie & Johnson 2009), thus justifying

attention by management agencies (e.g. Cline, Sexton &

Stewart 2007). For example, interactions of bears with

human activities can have effects at the population level.

Black bears Ursus americanus (Pallas 1780) accessing gar-

bage near human settlements were heavier than their wild-

land conspecifics and had higher densities and fecundity;

ultimately, there was a human-induced redistribution of

the population in the landscape (Beckmann & Berger

2003). Often, large carnivore displacement due to distur-

bance occurs in the opposite direction, avoiding human

settlements (e.g. Hebblewhite et al. 2005). Beyond the

direction of displacement, consequences can arise at the

individual level (e.g. ‘problem bears’; Elfstr€om et al.

2013), population level (e.g. population redistribution;

Beckmann & Berger 2003) and ecosystem level, after alter-

ing interactions between species (Hebblewhite et al. 2005).

We conducted approaches on foot to brown bears and

analysed daily bear movement patterns before and after

the approaches. Our hypothesis was that bears would

become more nocturnal after encountering people, modi-

fying their circadian foraging and resting periods. In the

long term, these behavioural responses to disturbance

may have consequences at population level. This requires

management attention to keep large carnivores and

humans separated, reducing interactions as much as

possible.

Material and methods

STUDY AREA

The study area was in south-central Sweden. Elevations range

from c. 200 to c. 1000 m above sea level, with most of the area

below the timberline (c. 750 m). The hilly landscape is mostly

covered with intensively managed forest, dominated by Scots pine

Pinus silvestris and Norway spruce Picea abies. Heather, grasses

and berry-producing shrubs dominate the understorey layer.

Human density ranges from 4 to 7 habitants km�2. Logging,

berry picking, fishing and hunting, including bear hunting, are

common in the forest.

APPROACHES TO RADIO-COLLARED BROWN BEARS

From 2006 to 2011, we approached 33 female and 19 male radio-

collared adult bears, 4–19 years old. Twelve of the female bears

had dependent cubs in some years of the study. The bears were

equipped with GPS–GSM neck collars (VECTRONIC Aerospace
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GmbH, Berlin, Germany) and a VHF transmitter implant (IMP

400L, Telonics, USA). All details on marking and capturing are

available in Arnemo, Evans & Fahlman (2011). The bears were

approached � 6 times each year, with � 14 days between each

approach on the same bear. Before each approach, the collar was

programmed to register a GPS position every minute for 3 h. In

the field, the observers (1�9 � 0�7) tracked the bear by VHF trian-

gulation, started the approach several hundred metres away and

aimed to pass the bear at c. 50 m, with the wind towards it (down-

wind). The observers continued walking for 500 m and returned

to the starting point, but keeping � 500 m distance to the original

bear location. They walked together at a normal hiking pace, talk-

ing at a normal level. When only one observer approached a bear,

he/she talked to him/herself. We registered the track of the observ-

ers during the approach with a hand-held GPS receiver that

recorded positions every 10 m. We conducted 293 approaches (28

in 2006, 74 in 2007, 101 in 2008, 58 in 2009, 15 in 2010, and 17 in

2011), between 11:26 � 59 min and 12:41 � 68 min, that is,

around noon, when bears are at resting sites (Moe et al. 2007) and

when most human activity in the forest occurs.

PRE-BERRY AND BERRY SEASONS IN RELATION WITH

BEAR BEHAVIOUR AND HUMAN ACTIV IT IES

The first period of brown bear activity after leaving the den in

spring includes the mating season. The foraging season or hyper-

phagia, when bears eat primarily berries to accumulate fat for

hibernation is from mid-July to den entry in October (Friebe,

Swenson & Sandegren 2001). Seasonal differences in bear behav-

iour also appear related to changing levels of human activity

(Ordiz et al. 2011). Therefore, we divided the field seasons into a

pre-berry season (<15 July, n = 215 approaches) and a berry sea-

son (>15 July, n = 78 approaches), with 15 July being the mean

date of first observing fresh berries in the scats.

STATIST ICAL ANALYSES

We used the GPS positions recorded by the collars every 30 min

to construct daily bear movement patterns, calculating the

distance travelled by the bears every 30 min during 24 h. Using

all the positions recorded up to 6 days before the approach, we

built a baseline movement pattern, with which we compared the

30-min distances travelled by the bears after the experimental

approaches. We chose a Bayesian model formulation with estima-

tion using Markov chain Monte Carlo methods (MCMC) to ana-

lyse the data. This approach can easily handle missing values that

occur due to lack of GSM coverage (some missing GPS positions

prevented us from calculating distance travelled for a given time

interval). Further, the Bayesian model makes it straightforward

to account for dependencies in the data, such as temporal corre-

lations and repeated measurements of individual bears.

We used a linear model for the response variable y (square

root of distance travelled every 30 min):

yijklm ¼ kij þ ak þ cl þ gm þ b1jxday þ b2xage

þ b3jxapp þ b4jxdist þ b5jxvisþ 2ijklm

eqn 1

The time interval from 6 days before to 7 days after each

approach was divided into 14 periods (i = 1, …, 14) defined

relative to the day of approach as follows: periods 1–6 = (day

�6 to �1), 7 = (day of the approach), 8 = (day +1), etc., up to

period 14 = (day +7). The model parameter kij is the effect of

daily half-hour interval j (j = 1, …, 48) within temporal period i.

Further, ak (k = 1, …, 52) is the random effect of bear k assumed

to be distributed as Nð0;r2bÞ; cl (l = 1,2) is the effect of pre-berry

or berry season, and gm (m = 1,2,3) is the sex-class effect (male,

female or female with cubs). Several continuous covariates were

also included: number of daylight hours (xday) with regression

coefficients b1j, assumed to be dependent on the daily time inter-

val j, age of the individual (xage) with coefficient b2, number of

observers (xapp) with time-dependent coefficients b3j, minimum

distance from the observers to the bear (xdist) with time-

dependent coefficients b4j and visibility around the site where the

bear was approached (xvis) with time-dependent coefficients b5j.
Visibility was measured as sighting distance (in metres) from the

bear site and was used as a proxy of vegetation cover (see Ordiz

et al. 2011 for further details). The noise term ∊ijklm accounting

for unexplained variation was assumed to be distributed as

Nð0;r2j Þ; that is, the noise variance was also assumed to be

dependent on daily time interval. The temporal correlation was

included by assuming that the effect of a given time interval

depended on the previous time interval within the same period.

Specifically, we assumed

k11 �Nð0; 1000Þðvague prior distributionÞ
kij ¼ m � kiðj�1Þ þ eijfor j ¼ 2; . . .; 48

ki1 ¼ m � kði�1Þ48 þ ei1for i ¼ 2; . . .; 9

eqn 2

where m is an autoregressive coefficient, and ɛ is assumed to be

distributed as N (0, τ2). The variance parameter τ2 controls the

level of smoothing of the time effect. A large value induces mini-

mal smoothing, whereas a small variance gives heavy smoothing.

The sensitivity analysis of τ2 indicated that the model parameter

estimates were minimally sensitive to the choice of value for τ2,

apart from the smoothness of kij. In the final model fit, we used

τ2 = 1/5 based on comparisons of the deviance information

criterion (DIC) (Spiegelhalter et al. 2002) for different smoothing

levels.

For all regression coefficients of continuous effects and for

the parameter m, vague normal distributions N (0, 1000) were

assumed a priori. Next, for the categorical variables season and

sex class, the first level was set to zero (baseline), whereas

vague normal priors were assumed for the remaining levels. To

complete the Bayesian formulation of the model, the inverse of

all variance components (the precisions) were given gamma

priors Ga (0�001, 0�001), a commonly used vague prior for

precisions.

The unknown model parameters were estimated by Bayesian

posterior means using MCMC methods, implemented in Open-

BUGS (Lunn et al. 2000). Due to the large number of observa-

tions, convergence was relatively fast and assessed by visual

inspection of runs with differing starting values. The conver-

gence was fastest for low levels of smoothing, but usually about

10 000 iterations were sufficient. Upon burn-in, a subsequent set

of 10 000 iterations was used for parameter estimation (see

Appendix S1 in Supporting Information for the OpenBUGS

code). The estimated posterior distributions for the model

parameters provided point estimates (mean) and credible

intervals (lower 2�5% and upper 97�5% percentiles of the esti-

mated distribution). We considered effects as statistically signifi-

cant if the credible intervals of the corresponding parameters

did not contain zero. The MCMC approach for parameter

estimation is an iterative process allowing the missing values

© 2013 The Authors. Journal of Applied Ecology © 2013 British Ecological Society, Journal of Applied Ecology, 50, 306–314
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to be predicted by the given model and the current estimates of

the unknown model parameters (data augmentation). With the

MCMC estimation method, it is also straightforward to obtain

posterior mean estimates and credible intervals for any combi-

nation of the main model parameters. We used this possibility

to study derived parameters defined as the time-dependent

differences in the effect of the approaches.

The differences of interest are those between each of the peri-

ods 7–14 and the average effect of period 1–6; thus, posterior

means and uncertainty intervals were computed for difference

parameters defined by

dij ¼ kij � kj eqn 3

for i = 7,…, 14 and j = 1,…, 48, and where kj is the average

effect of time j across periods 1 to 6. A significant positive differ-

ence implied increased movement after disturbance for the given

time interval, and a negative difference implied reduced move-

ment. We assessed the goodness of fit of the linear model with

the coefficient of determination R2, based on all nonmissing

observations and computed as R2 ¼ corðy; ŷÞ2 where ŷ are the

fitted values from the estimated model.

Results

None of the bears reacted aggressively to the observers in

any approach (n = 293). Bears were seen (n = 42) or

heard in the vegetation (n = 6) in 16% of the approaches.

The minimum distance between observers and bears was

89 � 68 m (� 50 m in 74% of the approaches;

mean � SD). The visibility around the initial site where

the bears were approached was 21 � 11 m.

Regarding bear movements, initial model estimations

showed that the effects of both age and sex class were

nonsignificant; thus, these factors were removed from the

model. The final model R2 was 0�23. Based on the esti-

mated time effects from each time period, the bears

moved mostly during crepuscular and some nocturnal

hours during the week prior to the approaches, with two

distinct resting periods around midday and during the

darkest hours around midnight (Fig. 1a). Approached

bears initially moved away from their daybed and then

reduced movements, which was reflected in the estimated

pattern of distance travelled the day of the approach

(Fig. 1b). However, the effect of the approaches on the

bears lasted beyond their initial reaction. Compared to

the previous week, significant periods of an increased

movement at night and reduced movement during

daytime were visible in the days following the approach,

with a U-shaped pattern in difference from pre-approach

levels most visible for days 1 and 2 (Fig. 2). Differences

in movement patterns throughout the season may have

occurred due to changes in day length, so the effect of

day length on movement was estimated. Shortening day

length had a positive effect on movement during the day

and a negative effect during the night (Fig. 3). Bear move-

ments increased in the berry season (0�491 � 0�067; 95%
CI = 0�37–0�62). However, the main result was that
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Fig. 1. (a) Estimated time effect (every

30 min during the 24 h day) on daily

activity pattern of brown bears in

south-central Sweden during the week

before the experimental approach. The

Figure shows the main resting period dur-

ing midday and the second around mid-

night. (b) Estimated time effect on daily

activity pattern of bears on the day of the

approach, showing the initial escape after

the disturbance event, followed by a reduc-

tion in movement. Vertical lines show the

range of time when most approaches were

conducted (start at 11:26 � 59 min, end at

12:41 � 68 min). The curves represent the

mean of the distance travelled and the

95% credible intervals.
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encounters with people consistently caused an increase of

bear movements at night and a reduction during daytime,

which persisted after correcting for daylight, berry season

and random bear effects. The number of observers was

quite consistent (1�9 � 0�7) and had no significant effect

on bear movements. A time-of-day-dependent effect

showed that bears were most disturbed (movement pat-

tern more altered) when vegetation cover around bear

sites was denser and when observers-bear distances were

shorter (Fig. 4).

Discussion

In areas where large carnivores and human populations

are increasing and expanding, people often become more

afraid of potential encounters with carnivores and toler-

ance decreases. This is occurring in Scandinavia (Moen

et al. 2012) and elsewhere (e.g. Gurung et al. 2008). The

most dramatic consequences of human–carnivore interac-

tions, that is, human fatalities and retaliatory killing of

animals, receive most attention, but documenting the

behavioural reactions of carnivores that encounter people

is also important from a management perspective, to

reduce encounters and their effects for both people and

carnivores of conservation concern.

The fact that none of the bears reacted aggressively to

the observers and that bears were not even seen or heard

in 84% of the approaches show that bears clearly avoid

any confrontation with people. The outcome can be dif-

ferent when the encounters are perceived by carnivores as

more threatening, which may explain why most people

injured by bears in Scandinavia are hunters (Moen et al.

2012). The minimum distance between observers and

bears (89 � 68 m.) was almost double the planned 50 m.,

and 4 times larger than the visibility (21 � 11 m.) around

the initial bears’ sites, because the bears were in concealed

places and generally moved away before the observers

could get closer. However, the approaches affected the

daily movement patterns of the bears. The immediate

reaction after the encounters caused an average 26%

increase in distance travelled by the bears compared to

the same time of the day during the week prior to the

approaches, immediately followed by a 10% reduction in

movement (Fig. 2). Bears moved 11% and 8% more,

respectively, during the darkest part of the 2 nights fol-

lowing an approach and for periods lasting � 4 h 30 min,

that is, when they previously had rested. During daytime,

movement reduction was as intense in the 2 days follow-

ing the encounters (10% and 11%) as in the day of

approach (10%; Fig. 2). It is interesting to note that bears

already had a marked resting period in the middle of the

day before the approaches (Fig. 1a). As a reaction to the

encounters, the bears lengthened the period of inactivity

during daytime, probably relying on cover to avoid detec-

tion and the costs and risks of fleeing from people (Ordiz

et al. 2011). The shorter the distance between observers

and bear and the denser the cover, the stronger the effect

of the approach on bear movements (Fig. 4). That is, bear

behaviour was especially disrupted where the bear

detected humans at short distance and in the highly

concealed spots where bears hide and rest during the day

(Ordiz et al. 2011; Moen et al. 2012).

Bears were expected to become more active during day-

time as days became shorter (Fig. 3) and during the berry

season, which has been reported before for this bear

population (Fig. 1 in Moe et al. 2007) and elsewhere

(Stemlock & Dean 1986). However, the expected trend

towards more diurnal behaviour was disrupted by the

encounters with people. This strengthens previous findings,

because Ordiz et al. (2012) also found that bear movements
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increased during night-time and decreased during daytime

after the start of the bear hunting season. Moen et al.

(2012) found that younger bears left their initial site fol-

lowing an encounter more often than older bears, but the

difference decreased in the berry season, when human

activity in the area increased. In our case, the pattern of

disturbance during the days after the approach was con-

sistent for all bears, regardless of age or sex. The effect of

age also tended to be negative in our study

(�0�028 � 0�021), but not significantly so. The same

result was reported on bear resting site selection, thus

reinforcing that bears consistently hide from people

(Ordiz et al. 2011).

Many studies of the effects of human activities on wild-

life utilise short-term measures, such as flight initiation

distance (FID) and/or composite metrics including FID

and alert distance; however, more systematic research is

needed to evaluate long-term effects of disturbance

(Stankowich 2008). Short-term measures may not even

reflect the effects of disturbance, if animals do not have

alternative places to flee to (Gill, Norris & Sutherland

2001). For brown bears, Moen et al. (2012) showed the
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Fig. 4. Time-dependent effect of (a) sight-

ing distance (cover) and (b) minimum dis-

tance between observers and bears. Bears

approached in more open areas (larger

sighting distance) and detecting the observ-

ers further away altered movement

patterns less than bears approached closer

and in denser spots. The curves represent

the estimated effect on the distance

travelled and the 95% credible intervals.
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initial effects of encounters in terms of FID, and our

analyses highlight the duration of the reaction and the

changes in time allocation for resting and foraging.

Behavioural responses induced by human activity may

not necessarily have negative effects on fitness (Gill,

Norris & Sutherland 2001). However, fitness costs of

human disturbance are reported for a variety of species

and can negatively affect population size (Mallord et al.

2007) and viability (Kerbiriou et al. 2009). The lasting

changes in bears’ resting and foraging routines after dis-

turbance deserve attention, because changes in time allo-

cation after human disturbance may also have fitness

consequences (Li et al. 2011). Sixty-seven percent of aban-

doned winter dens of Scandinavian bears had evidence of

human activity within 100 m, and 3 of 5 pregnant females

that abandoned dens lost cubs, compared to just 6% of

36 females that did not move (Swenson et al. 1997). This

suggests that brown bear reproduction is affected by dis-

turbance in addition to environmental and intraspecific

factors (Ordiz et al. 2008). Disturbance during hyperpha-

gia may also affect fitness, due to the strong correlation

between bears’ condition in the autumn and subsequent

hibernation and reproductive success, which highlights the

importance of storing fat during hyperphagia (e.g. Welch

et al. 1997). The body mass of Scandinavian bears

increases dramatically from spring to the onset of hiber-

nation: c. 65% for females, c. 35% for males (Swenson

et al. 2007). During hyperphagia, most bear populations

rely on berries and/or nuts. Berries represent c. 81% of

the annual digestible energy in central Scandinavia (Dahle

et al. 1998). However, bears fattening on fruits ingest

seven times less digestible energy per hour than salmon-

feeding bears (Robbins et al. 2007). Fluctuations in berry

availability and efficiency in eating berries pose additional

constraints. Consequently, bears move constantly for

many hours a day, as shown by our model expectation of

an increased movement during the berry season, feeding

at sites with the highest berry densities, and choosing the

most visible berry clusters to maintain high intake rates

(Welch et al. 1997). Good visibility should favour forag-

ing on berries during daylight hours (MacHutchon et al.

1998). However, following approaches, bears reduced

their activity during daytime and increased movement

during the darkest part of the night. Thus, disturbance

would affect energy gain by altering optimal foraging and

resting, and also because responses to threats impose

energetic costs (Preisser, Bolnick & Benard 2005).

The current scenario of global warming poses an

extra concern. With the unique exception of some

coastal populations with access to spawning salmon, all

boreal populations of brown bears rely on berries dur-

ing hyperphagia. Bokhorst et al. (2008) showed experi-

mentally that even short warming episodes (1 week)

cause a virtual elimination of fruit production in Vacci-

nium spp., which are essential berries for bears (e.g.

Dahle et al. 1998). The entire European brown bear dis-

tribution falls within the area of highest increase in

temperature at the global scale in recent decades (see

Fig. 1a in Walther et al. 2002). Brown bears at the

southernmost edge of the distribution of bilberry Vacci-

nium myrtillus in Europe are now consuming fewer bil-

berries than a few years ago, which was linked to

climate change (Rodriguez et al. 2007). Our results doc-

ument that human disturbance can impede animals

from exhibiting optimal activity patterns, for example

foraging when it is most efficient, thus amplifying the

broad effects of global warming on conservation.

Also at the population level, repeated encounters with

humans may help explain the distribution of large

carnivores in the landscape, with adults often living fur-

ther away from human settlements than juveniles (e.g.

Nellemann et al. 2007). The observed behavioural

responses of bears to people (e.g. Moen et al. 2012;

Ordiz et al. 2011, 2012; this study) may also help

explain why bears (and other carnivores) are mainly

diurnal in remote areas of North America, active for

up to 17–18 h day�1 and feeding c. 80% of the time

(Welch et al. 1997), whereas in the more populated Eur-

ope bears are active only c. 12 h day�1, with a marked

period of inactivity at midday (e.g. Moe et al. 2007).

Zedrosser et al. (2011) argued that the ultimate reasons

for transcontinental differences in life history parameters

are related to the more extended persecution of large

carnivores in Europe. The nocturnal activity pattern is

definitely more marked after the start of hunting sea-

sons (Ordiz et al. 2012) and after our approaches. This

may reflect the level of bear elusiveness due to experi-

enced risk of human encounters and helps reveal the

importance of behavioural responses as a trait involved

in population resilience to human-induced environmental

changes (see Introduction).

CONCLUDING REMARKS AND MANAGEMENT

RECOMMENDATIONS

Brown bears avoided the approaching observers, which

delivers a reassuring message for forest users and manag-

ers. However, the behavioural reaction of the bears after

disturbance is of conservation concern. Large carnivores

can play key ecological roles in the ecosystems they inha-

bit, but they themselves live in a landscape of fear instilled

by human persecution (Ordiz et al. 2011; Valeix et al.

2012), which can constrain their apex role (Ritchie &

Johnson 2009).

Nonlethal effects of predation risk are receiving increas-

ing attention and appear essential to understand predator–

prey interactions and population dynamics (e.g. Peckarsky

et al. 2008). Nonlethal effects are costly and can be particu-

larly strong in large-bodied, long-lived species (Heithaus

et al. 2008) and in cautious animals (Sih et al. 2012). All of

these features characterize large carnivores. The effects of

human activities on carnivore dynamics should be studied

from not only a demographic perspective, but also by

accounting for nonlethal effects that can cause behavioural
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responses leading to ecological and evolutionary conse-

quences for the carnivores and the ecosystems they inhabit.

Nonlethal effects of nonconsumptive human activities

can also be strong (Kerbiriou et al. 2009). We did not use

dogs to chase the bears, that is, we simulated hiking or

berry picking, not hunting and the clear alteration of

brown bears’ daily activity patterns responding to mere

human presence is a strong indicator of the magnitude of

disturbance effects. We talked during our on-foot

approaches, which presumably alerted the bears of our

presence. Other parameters, for example stress levels and

foraging efficiency, may help quantify the disturbance.

Experimental approaches to other species have shown that

on-foot observers induce a stronger response than vehicles

and that talking observers lengthened FID compared to

silent observers (Wolf & Croft 2010).

Prevention of problems between carnivores and people

through temporal and spatial separation (Treves &

Karanth 2003) and minimizing carnivore displacement by

human activity (Rode, Farley & Robbins 2006) are major

management issues. Management should secure the

protection of cover where large carnivore populations per-

sist, and the restoration of cover in areas where current

carnivore recoveries are to succeed. At the same time,

people should be kept away from areas with shrub cover

that provide concealment for resting carnivores during

daytime, when people are outdoors. Our call to the pro-

tection of cover is important because the shrub layer is

often destroyed, considered unproductive and/or to reduce

fire risk, to increase pasture for cattle or even to promote

conservation of endangered species (e.g. Revilla, Palo-

mares & Fern�andez 2001). Preserving cover and avoiding

the most densely vegetated spots in the forests is a simple,

but reliable way to avoid encounters with carnivores,

which would ultimately benefit both human safety and

carnivore conservation.
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