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Abstract
Mammals usually adjust behavioral patterns when exposed to disturbances. Elusiveness and low-risk time selection may reduce
their stress in periods of highest risk. In Europe, brown bears (Ursus arctos) coexist with humans in densely populated and
modified landscapes and, consequently, are exposed to human-caused disturbances during the daytime hours. Furthermore,
intraspecific interactions might also influence their behavioral responses, especially during the mating season. Activity patterns
of several large carnivores have been thoroughly studied; however, research is scarce for relocated populations. Here, we report
the activity patterns in the reintroduced brown bear population in the Pyrenees. We expected the bears to reduce their activity
depending on the type and level of disturbances. We analyzed individual behavior of both sexes (males, solitary females, and
females with offspring) and age groups (adults and subadults) using camera-trap surveys under different types of intraspecific and
anthropogenic disturbances. In general, bears were more active during the night (2200–0600 h) and avoided peaks of human
activity (1000–1800 h). Furthermore, with the increasing nocturnal disturbance of adult males during the mating season, females
with offspring and subadults were more active during daylight. This suggests that vulnerable individuals showed high tolerance
for human presence. These results contribute to improve our knowledge of how a threatened and relocated bear population
behaves in a human-modified landscape of southern Europe. Further research on this population will be crucial to establish
optimal management interventions during translocations, and the prevention of human-bear encounters and conflicts.
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Introduction

General animal behavior is often described by activity pat-
terns, which can be considered as an integration of several
behaviors including movement, foraging, and social interac-
tions. The activity patterns are influenced both by internal
(i.e., sex, age, and reproductive status) and external factors
(i.e., food availability, human presence, and conspecific inter-
actions) (Leuchtenberger et al. 2014). Behavioral patterns in
large carnivores are well documented worldwide, especially
for brown bears (Ursus arctos). Radio telemetry and direct
observation are the most commonly used methods in Europe
and North America. However, monitoring becomes more
complicated in low-density populations of elusive animals
(Treves and Karanth 2003; Ordiz et al. 2013; Alibhai et al.
2017; Zarzo-Arias et al. 2018).

Many studies found that wild brown bears exhibit a wide
variety of activity patterns that influence their survival or
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reproductive output (Fortin et al. 2016; Hertel et al. 2016;
Frank et al. 2017). While in North America, brown bears are
largely diurnal (Klinka and Reimchen 2002; Munro et al.
2007); European populations predominantly exhibit nocturnal
and crepuscular patterns (Olson et al. 1998; Kaczensky et al.
2006; Ordiz et al. 2014; but see Zarzo-Arias et al. 2018). The
type and the intensity of disturbances vary seasonally.
Consequently, this variation may affect the behavioral re-
sponses of individuals (Ordiz et al. 2016). In Europe, human
presence and activities and habitat loss have become the prin-
cipal factors affecting this species, restricting most of the bear
distribution to forested and mountainous areas (Martin et al.
2010; Piédallu et al. 2017). However, also these natural areas
are affected by high human disturbance, and animals shift
their activity away from periods of increased human presence
during the daylight (Brook et al. 2012). For example,
Scandinavian bears decrease daytime activity in response to
encounters with humans in areas of higher road density (Ordiz
et al. 2016). Avoidance behavior in human-dominated areas is
important for human-wildlife coexistence. Nevertheless, the
presence of non-elusive individuals, possibly adapted to
humans, increases the risk of persecution and conflicts that
might affect the survival of the species. For instance, habitu-
ated individuals visiting populated areas are often considered
as “conflict bears” and removed from population to reduce
risk situations between humans and bears (Swenson 1999;
Wiegand et al. 2004). Apart from human pressures, intraspe-
cific predation during the mating season or reproductive com-
petition may influence responses in the behavior of individ-
uals of certain age and sex (Steyaert et al. 2013). In fact,
females with offspring and subadults may reduce the risk of
predation or conspecific competition by spatiotemporal segre-
gation strategies (Hrdy 1979; Steyaert et al. 2013). Offspring
predation in the mating season has been widely described in
mammals, including brown bears (Ebensperger 1998; Packer
2001; Dahle and Swenson 2003; McLellan 2005). Many stud-
ies showed that females with offspring shift from nocturnal to
diurnal activity to decrease the chances of male encounters
and the risk of infanticide (Stone et al. 2006; Steyaert et al.
2013). Subadults show similar wariness behavior, often ex-
plained by the avoidance of adult and more aggressive or
competitive individuals (Kaczensky et al. 2006). Further, be-
havioral responses are adaptive to the type and intensity of the
disturbance. With increasing intensity of the intraspecific dis-
turbance, vulnerable bears become more diurnal, increasing
the exposition to humans (Kaczensky et al. 2006; Ordiz
et al. 2014) and reducing the avoidance response to human
presence (Zarzo-Arias et al. 2018).

Understanding large carnivores’ behavior variation should
help carnivore conservation, especially in human-dominated
landscapes (Ordiz et al. 2016; Zarzo-Arias et al. 2018).
Activity patterns of reintroduced groups are still poorly
known, like the Pyrenean bear population. This population

is isolated and considered as one of the most endangered in
Europe (Chapron et al. 2009; Martin et al. 2012), with a min-
imum of 46 individuals detected in 2017 (see also Sentilles
et al. 2018 “Suivi de l’ours brun dans les Pyrénées françaises”,
Annual report 2018 of ONCFS). Human persecution during
the last century almost exterminated the native population. To
ensure the survival of the population, 11 translocations from
Slovenia have been done since 1996. Under growing popula-
tion density, the increase of recreational activities in the moun-
tain range, particularly in summer and autumn, may increase
chances of human-bear encounters in the area (Sahlén 2013;
Fortin et al. 2016; Penteriani et al. 2016). Further, negative
social perception, linked to the rising number of attacks on
free-ranging livestock and risk of attack on humans, may af-
fect conservational efforts to protect this species in the
Pyrenean area (Piédallu et al. 2016; Bombieri et al. 2018).
Thus, a better understanding of the temporal patterns of this
brown bear population in such a human-modified landscape
with high levels of human encroachment should help its con-
servation and mitigate conflicts (Woodroffe et al. 2005).

As a part of a long term project (2010–2017) of bear mon-
itoring in the Pyrenean Mountains of Spain and France using
camera trap surveys, we described, for the first time in Europe,
the activity pattern of a reintroduced brown bear population.
Our main objective was to assess if activity patterns depend-
ing on a given type of disturbance experienced by bears differ
between sex and age classes. We expected that the most vul-
nerable bear class, females with offspring and subadults, seg-
regate in time from those dominant or competitive individuals,
as an avoidance strategy during seasons with higher intraspe-
cific disturbance. Furthermore, we expected that exposition to
human disturbance might increase the tolerance of bears for
humans, boosting the avoidance of nocturnal bears.

Materials and methods

Study area

The study was carried out along the brown bear distribution
range in Central Pyrenees, between France and Spain (from
44° 12′ N 7° 18′ W to 41° 0′ N 3° 48′ E, Fig. 1). The 7400-
km2 study area covers several protected areas of Natura 2000
network and natural parks. Temperatures oscillate between
20 °C in summer and − 10 °C in winter. The landscape is
characterized by large massifs and valleys with relatively steep
slopes, in a range between 1.300 and 2.500 m. More than 40%
of the area is forested, dominated by beech (Fagus sylvatica),
silver fir (Abies alba), mixed beech-fir forests, other coniferous
forests (Pinus uncinata, Pinus sylvestris, and Picea abies), and
deciduous forests composed by oaks (Quercus robur and
Quercus pubescens), chestnut (Castanea sativa), hazels
(Corylus avellana), and wild cherry (Prunus avium). Further,
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brown bear distribution extends to alpine, subalpine, and mon-
tane pastures and scrubs (Martin et al. 2012). Human density in
this mountainous area has increased for the last decades, en-
couraging the development of the farming and beekeeping sec-
tors, and different recreational activities, especially during sum-
mer and autumn, including sports and hunting. Free-ranging
livestock occupies the montane meadows of the Pyrenean land-
scape during summer and autumn, between 1.500 and 2.500 m,
while beehives are located in the lower meadows.

Data collection

Since 2010 till 2017, we used camera-trapping methods to con-
duct bear activity monitoring during three seasons: spring
(March 21st–Jun 20th), summer (Jun 21st–Sep 20th), and au-
tumn (Sep 21st–Dec 20th). We defined two disturbance types
according to the season: (1) intraspecific disturbance in spring,
mainly through competition between dominant and vulnerable
individuals during the mating season; and (2) human distur-
bance in summer and autumn, from touristic activities, extensive
farming, and hunting within the bear distribution range. The
monitoring was not continuous. We deployed an average of
48 camera traps (SE = 15) per year throughout the brown bear
distribution area. Most of the cameras were active for 275 days/
year; however, due to technical issues, the number of camera
traps and the trapping days varied over the sampling period,
ranging between 34 and 275 trapping days per year. We distrib-
uted the camera trapsmainly in forested areas, attaching them on
trees approximately 0.5–1.0 m above the ground. The cameras
were active 24 h/day with a trigger mode (Fig. 1). Cameras shot

at least a burst of three pictures when triggered, with theminimal
delay time possible (< 1 min) to maximize the number of sam-
ples taken per captured individual. When multiple bear photo-
graphs were taken within a 30-min interval, unless individuals
were clearly distinguishable, we considered this detection as a
single individual, minimizing the non-independence of consec-
utive pictures (Ridout and Linkie 2009; Gerber et al. 2012;
Foster et al. 2013; Monterroso et al. 2014). We used the follow-
ing camera models: Reconyx (RC55, HCC500, and HCC600;
Reconyx, Inc., Holmen, Wisconsin); Bushnell (Trail scout,
Trophy cam HD, Trophy cam XLT, Trophy cam, and
Natureview; Bushnell, Kansas City, Missouri, United States);
Leafriver (Trail scan and IR 7SS); and ScoutGuard (SG550,
SG550V, and SG580M). We inspected and changed the batte-
ries and memory cards every 15 to 30 days.

Identification of the detected individuals (i.e., sex and age
class) was assessed by analyzing genetically hair samples col-
lected at hair-trapping stations located in front of the camera-
traps.We located one hair-trapping station at 3–5 m in front of
the camera-traps. To induce bear rubbing and maximize de-
tection probabilities, we baited the hair-trapping stations with
turpentine and beechwood tar. The hair-traps consisted of tree-
traps of two or three strands of barbed wire of approximately
0.3 m attached to the tree trunk and X-shaped at 0.3–1.5 m
from the ground.

Data analysis

We analyzed bear activity pattern to determine the relation-
ship with the following variables: daylight time interval;

Fig. 1 Distribution of the brown
bear population in the Pyrenees
(France and Spain)
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season (autumn, spring, and summer); sex class (female with
offspring, solitary female, males), including adult and sub-
adult individuals; and age class (adult: ≥ 4, subadult: < 4).
We based the daylight time interval on solar time with the
monthly daylight length differences and defined during equi-
nox periods as night (1800–0559 h) and day (0600–1759 h).
We estimated activity preferences at daily and seasonal scales.
We conducted genetic analyses to identify the sex class and
parentage assessment of the individuals, using microsatellite
and SNPs markers from hair samples collected in the hair-
traps. Further, we used the population genealogy to determine
the age class of the detected individuals. The continuous ge-
netic monitoring of the population since the first transloca-
tions in 1996 and 1997, together with its small size and geo-
graphical isolation, has allowed assessing paternal-offspring
genealogies over time (see Quenette et al. 2018 “Suivi de
l’ours brun dans les Pyrénées”, Report of the Brown Bear
Transboundary Monitoring Group. Results 2018). Pyrenean
brown bear population descends from translocated bears,
which sex and age was known before the reintroduction.
Thus, the age and parentage of the individuals have been
monitored over time. We used photo-trapping methods to
identify new offspring presence in the population, supporting
the assessment of the population genealogy. Adult females
were usually detected on the camera traps together with their
offspring that remained with them during the first 2 years of
rearing. Consequently, the presence of new cubs was noted. In
some cases, cubs were encountered in the second year after
birth.We estimated their age based on the body size of the cub
when first seen on the pictures. This annual monitoring has
allowed constructing the genealogy of the population, includ-
ing the determination of age and sex classes. We excluded
individuals with undetermined both age and sex classes.
Further, to control for the differences in camera detection
(see below), we used data pooling. All the analyses were re-
stricted to data sets with > 10 activity samples. We pooled the
data when activity distributions were not different across the
season, daily period, sex class, and age class. To control for
the experiment-wise error rate, we used an alpha level of 0.05
to determine statistical significance and applied a Bonferroni
correction (Zar 1999).

We assessed daily activity patterns of bears and compared
its temporal overlapping among three class groups: sex group
(female with offspring vs. male, female with offspring vs.
solitary female), age group (adult vs. subadult), and sex-age
group (male and female with/without offspring adult vs. male
and female subadult). However, due to the lower number of
occurrences of juveniles, we were not able to estimate the
avoidance level among seasons for the sex-age group. To
evaluate the daily activity pattern, we applied the Overlap
package (Meredith and Ridout 2018) for each independent
detection, calculating the probability density function using
the kernel density, followed by pairwise comparisons by

estimating the coefficient of overlap. Overlapping coefficient
(Δ) is an estimator that determines the area under the curve
formed by taking the minimum of the two density functions at
each time point and ranges from 0 (no overlap) to 1 (complete
overlap) (Ridout and Linkie 2009; Linkie and Ridout 2011).
We considered two estimators according to the sample size:
Δ1 for samples < 75 and Δ4 for samples ≥ 75 (Meredith and
Ridout 2018). To obtain the precision of this estimator, we
computed a standard deviation from 10,000 bootstrap samples
(Meredith and Ridout 2018). Thus, we used the overlapping
coefficient to identify the avoidance level between the indi-
viduals, following the evaluation of Monterroso et al. (2014).
We considered the following ranges of avoidance: (1) low
avoidance, (2) medium avoidance, and (3) high avoidance
(Δ ≥ 76, 66 ≤Δ ≥ 75, and Δ ≤ 65, respectively).

To describe the preference for a certain time of the day or
season, we conducted Rayleigh test (Z) fromCircular package
(Lund et al. 2017), assessing whether or not individuals
displayed a random record distribution across the season and
daily period (Pratas-Santiago et al. 2017). Rayleigh test con-
siders the uniformity of a certain record distribution through
that period (Zar 2010), where a higher Z value means that data
are concentrated around the mean and less evenly distributed
(Pratas-Santiago et al. 2017). Further, to evaluate daily and
seasonal differences in the temporal patterns between
coexisting pairs of sex and age bear groups, we used multiple
comparison Mardia-Watson-Wheeler test (MWW)
(Batschelet 1981). Statistical analyses were conducted in R
software, version 3.4.3 (R Core Team 2017).

Results

A total of 2253 independent detections of brown bears were
recorded from 2200 effective trapping days. Photo-trapping
cameras had an average of 84.38 trapping days with bear
detections (SE = 69.50) along the whole sampling period.
We identified sex and age classes of the individuals in 1189
independent records.We recorded 768 independent detections
of males and 421 independent detections of females (with
offspring: n = 144; solitary: n = 277), both adult (n = 1112)
and subadults (n = 77).

As for time-period preference, bears were detected signifi-
cantly more often during the nighttime period (Rayleigh test:
Z mean = 0.94, p < 0.05). The population activity pattern
showed two activity peaks at 0600 h and 2200 h (> 50%),
and a lower detectability (< 10%) when disturbance caused
by humans is higher (1000–1800 h). The results showed dif-
ferences in activity patterns between various age and sex clas-
ses, mainly demonstrated by the presence of vulnerable indi-
viduals (Figs. 3 and 4). Considering sex groups comparisons,
MWW test revealed that the presence of offspring determined
sex differences in daily cycle pattern (MWW test, females
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with offspring vs. solitary females: W = 17.06, n = 431, p =
0.0002; females with offspring vs. males: W = 36.354, n =
898, p < 0.005; males vs. solitary females: W = 4.695, n =
1049, p = 0.09). At the daily scale, females with offspring
selected more diurnal periods than solitary individuals
(Figs. 2 and 4), showing medium avoidance level (Δ1 ≤
0.70). Solitary females and males showed low avoidance pat-
terns (Δ1 ≥ 0.90). At the seasonal scale, sex groups showed
high variance in detectability activity (Table 1). Generally, the
number of detections was higher during spring, coinciding
with increased segregation activity in all the sex groups
(Fig. 4). While solitary individuals were mainly detected dur-
ing the spring (females: n spring = 138; n summer = 110; n
autumn = 43; males: n spring = 439; n summer = 257; n autumn =
62), females with offspring were detected more frequently
during summer, with low intraspecific disturbance but high
human presence (n spring = 24; n summer = 82; n autumn = 34).
In spring, females with offspring showed activity peaks in
diurnal periods, at 0800–0900 h and 1800–2000 h, with lower
activity during 0300–0500 h and 1300–1500 h. Females with
offspring showed strong avoidance behavior toward males
and solitary females during the nighttime (Fig. 4, Table 1).
Nevertheless, solitary individuals showed lower activity in
diurnal periods, at 0800–2000 h, with constant activity along
nocturnal periods. In summer, while solitary individuals kept
the nocturnal pattern, females with offspring increased diurnal
activity at 1400–2100 h. In autumn, detectability during day-
light hours (1700–2300 h) increased in all the sex classes, and
females with offspring overlapped more with solitary
individuals.

The age groups at a daily scale showed differences in tem-
poral patterns (MWW test, adults–subadults: W = 12.58, n =
431, p = 0.0019), where subadults strongly selected diurnal
periods (adult: mean ± SE = 20.21 ± 4.87; subadults: mean ±
SE = 46.56 ± 9.22; Fig. 3), having a medium avoidance level
of the adult bears (Δ4 = 0.70). Adult bears’ activity decreased
from 0900 to 1900 h, while activity peaks of the subadult
bears were between 1600 and 2000 h, just before the activity
peak of adult bears and coinciding with the most human dis-
turbance. Diurnal activity of subadult individuals was higher

Fig. 2 Percentage of independent
detections of brown bear
according to the sex-class (soli-
tary females, females with off-
spring, and males) over a 24-
h cycle (night: 1800–0559 h, day:
0600–1759 h) presented in two
daily periods (day, dark gray; and
night, light gray)

Table 1 Number of independent detections (n), coefficient of overlap
(Δ4), and Mardia-Watson-Wheeler test (MWW) among the activity pat-
terns of coexistent groups of sex-class of brown bears (FWO: female with
offspring; SF: solitary female; M: male), on a seasonal basis (spring: with
high levels of intraspecific disturbance; summer and autumn: with high
levels of human disturbance), in the Pyrenees; France, Spain, and
Andorra, 2010–2017

Season Class SF M

n W p Δ4 n W p Δ4

Spring FWO 162 8.47 < 0.05 0.69 463 10.67 < 0.05 0.63

SF 577 1.02 0.60 0.92

Summer FWO 192 11.32 < 0.05 0.79 339 21.76 < 0.05 0.71

SF 367 2.14 0.34 0.91

Autumn FWO 77 0.08 0.96 0.75 96 7.46 < 0.05 0.69

SF 105 5.09 0.08 0.82

Annual FWO 431 17.06 < 0.05 898 36.35 < 0.05

SF 1049 4.70 0.10
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during the high intraspecific disturbance season, showing a
higher avoidance level (Δ1 = 0.58) (MWW test, W = 14.44,
n = 455, p = 0.0007).

Comparison of activity patterns of sex-age groups showed
that adult males vs. subadult males (Δ1 = 0.56) and adult fe-
males vs. subadults males (Δ1 = 0.67) had the lowest overlap-
ping coefficients. Subadult males avoided adults during
higher activity peaks (at 0500–0900 h and 2000–0030 h). In
contrast, the activity of subadult females was similar to the
activity of adult individuals, being mainly concentrated be-
tween 1800 and 0600 h (subadult females vs. adult males:
Δ1 = 0.75; and subadult females vs. adult females: Δ1 =
0.84) (Fig. 3). In general, in spring and summer, the number
of detections of subadult bears of both sexes was higher than
in autumn (subadult males: n spring = 12; n summer = 10; n
autumn = 2; subadult females: n spring = 26; n summer = 21; n
autumn = 7). Subadult females showed, equally among the sea-
sons, more than 60% of the occurrences in a nocturnal period.
In contrast, subadult males were more active during the day in
spring and summer, while the only two occurrences recorded
in autumn were nocturnal.

Discussion

Similar to other bear populations in Europe (for Croatia and
Slovenia, Kaczensky et al. 2006; for Sweden, Ordiz et al.
2014), the Pyrenean bears showed high activity during noc-
turnal and crepuscular periods (Figs. 3 and 4). Further,

females with offspring and subadults modified their nocturnal
behavior to more diurnal under the presence of disturbances.
In line with our expectations, solitary and adult individuals
were mainly nocturnal or crepuscular, whereas vulnerable in-
dividuals (i.e., females with offspring and subadults) in-
creased day-time activity. As we predicted based on anecdotal
observations by fieldworkers in the Pyrenees (Palazón et al.
unpubl. data), this behavior might be a strategy to avoid the
risk of competition or predation. Daytime preference may (1)
expose vulnerable individuals more frequently to humans
(Kaczensky et al. 2006), especially during the high human
activity periods (i.e., summer and autumn); and (2) increase
random encounters with humans.

Carnivores modify their temporal activity patterns accord-
ing to biological (i.e., sex or age) and external factors. This has
been studied for a variety of species (e.g., Reynolds and
Beecham 1980, for black bear; Foster et al. 2013, for puma
and jaguar; Monterroso et al. 2014, for mesocarnivores;
Munro et al. 2007; Penteriani et al. 2017; Zarzo-Arias et al.
2018, for brown bear). Anthropic pressure on European wild
areas has promoted elusiveness strategies of wildlife. A
known example is the variation of spatio-temporal activity
responses (Ordiz et al. 2016). Most of the large carnivores in
Europe have a long human persecution record. Consequently,
it may have increased the vigilance and elusiveness behavior
found in the current populations (Zedrosser et al. 2001; Martin
et al. 2010; Ordiz et al. 2014; Hertel et al. 2016). Encounters
between bears and humans in Europe have been boosted by
increasing outdoor activities (Kaczensky et al. 2006; Tucker

Fig. 3 General brown bear
activity pattern and overlapping
activity analysis (Δ1) in relation
to the sex-age group: a adult fe-
males vs. subadult females, b
adult females vs. subadult males,
c adult males vs. subadult fe-
males, and d adult males vs. sub-
adult males. Black solid lines in-
dicate adults and dotted lines in-
dicate subadults. The activity re-
cords for each sex-age group were
n Adult F = 373; n Adult M = 739; n
Subadult F = 52; n Subadult M = 25
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et al. 2018). Thus, human-caused disturbances, especially the
use of natural areas and hunting activities, may be perceived
by animals as a risk. Consequently, it may influence their
spatio-temporal activity patterns (Hertel et al. 2016). In
Pyrenees, in comparison with other regions of Europe, bear-
targeted hunting is prohibited; however, bears may be dis-
turbed during the hunting seasons of other groups of animals
(e.g., ungulates). As a mechanism of elusiveness, individuals
may change their activity to nocturnal periods.

The Pyrenean brown bear population was almost extinct in
1996, and after the reintroduction of 11 individuals, the cur-
rent population descends from bears translocated from
Slovenia (Piédallu et al. 2016). In our research, we assumed

that relocated individuals maintained the same nocturnal
activity pattern as the Slovenian population (Kaczensky
et al. 2006). Many studies on brown bear behavior evidence
that changes in the activity might be a result of social learning
between mother and cubs (Nielsen et al. 2013; Hopkins 2013;
Morehouse et al. 2016). Consequently, we consider that the
nocturnal behavior of relocated females’ offspring might have
been acquired through social learning during the first years of
the mother-offspring relationship. Future research would fur-
ther test the impact of social learning and the environment on
bear cubs’ behavior in the Pyrenees.

Despite the effectiveness of adopting a nocturnal behavior
as a strategy to avoid human disturbance (MacHutchon et al.
1998; Rode et al. 2006), vulnerable bears increased diurnal
activity under intraspecific disturbance. Further, the major
avoidance of nocturnal activity by vulnerable bears in the
Pyrenees was observed during the mating season. Avoidance
of intraspecific competition by vulnerable individuals has
been widely described in carnivores (Steyaert et al. 2013;
Wielgus et al. 2013). We believe that circadian variations in
Pyrenean bears might influence intraspecific encounters. This
might facilitate mating encounters or minimize competition
risk (Dahle and Swenson 2003; Rode et al. 2006). Overlap
of activity periods of solitary bears was higher during the
mating season, possibly to increase the chances of mating
encounters (Sahlén et al. 2015). However, our results showed
that females with offspring and subadults were mainly detect-
ed during the day. Several reports on brown bears in Europe
and North America indicated that females with offspringmod-
ify their activity to more diurnal (Gunther 1990; Klinka and
Reimchen 2002). Diurnal behavior might minimize male en-
counters’ probabilities and infanticide risk (McLellan 2005;
Bellemain et al. 2006a; Ordiz et al. 2011; Steyaert et al. 2013).
With the infanticide, males create mating opportunities with
victimized mothers (Steyaert et al. 2016). As a result, females
evolve counterstrategies to defend their cubs (Bellemain et al.
2006b). In the Pyrenean population, non-parental infanticide
was observed in two cases in 2011 and 2016 (Palazón et al.
2016). Possibly, our findings regarding the activity modula-
tion of the mothers are the result of anti-infanticide responses
during high-intensity risk periods.

Individual learning in bears provides a higher wariness
toward risk situations and may be influenced by previous
negative experiences. Our study showed a diurnal prefer-
ence in subadult bears. It is often assumed that activity var-
iations of inexperienced bears might be a strategy to evade
competition with adult individuals, especially during their
higher activity peaks. However, this activity in subadult
bears is not constant over the year. Among all the subadults,
females showed a low avoidance level to adult males, espe-
cially during the mating season. Low elusiveness found in
subadult females may be explained by early primiparity.
Early primiparity exists in brown bear females, but these

Fig. 4 Seasonal brown bear activity pattern according to the sex classes: a
the daily activity pattern during spring (n F with offspring = 24; n Solitary F =
138; n M = 439 activity records), b the daily activity pattern during
summer (n F with offspring = 82; n Solitary F = 110; n M = 257 activity
records), and c the daily activity pattern during autumn (n F with

offspring = 34; n Solitary F = 43; n M = 62 activity records). Gray solid lines
indicate females with offspring (F with offspring), black solid lines
indicate males (M), and dotted lines indicate solitary females (Solitary F)
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cases are rare (e.g., for Sweeden, see Zedrosser et al. 2009).
In the Pyrenees, there are cases of advanced primiparity
cases in young females (< 4 years) (Palazón et al. unpubl.
data). Furthermore, intra-sexual competition is often de-
scribed in many animal groups, where dominant individuals
suppress the reproduction of younger females (Støen et al.
2006). In bear populations, young females establish their
home ranges close to their progenitors, increasing the
chances of reproduction suppression (McLellan 2005;
Bellemain et al. 2006a). Due to the small density and the
large distribution range in the Pyrenees, we believe that
chances of female-female encounters are low. This fact al-
lows females to get an early reproductive maturation. Thus,
activity overlapping of the subadult females with adult
males might facilitate mating encounters. An alternative ex-
planation of this activity overlapping might be that
philopatric young females learn the behavioral patterns
from their mothers, imitating their nocturnal activity.
Diurnal preference by subadult males provides higher
awareness of intraspecific risk with dominant bears. Also,
subadult males tend to disperse and travel long distances
(McLellan 2005; Bartoń et al. 2019), and this fact may also
decrease the chances of antagonistic interactions. We have
no movement data from subadult individuals in the studied
population; however, we suspect that their exploratory be-
havior during the daylight may prevent male-male compe-
tition (Andersson 1994; Bellemain et al. 2006a).

Even if vulnerable bears reduce the negative stimuli from
dominant bears, human disturbance may continue affecting
diurnal individuals. The growing presence of humans in the
bear-inhabited areas, especially during summer and autumn,
increases chances of human-bear encounters. However, re-
duction of diurnal detection during autumn by all of the clas-
ses may reduce this risk. It is important to improve our knowl-
edge on how translocated animals behave in new environ-
ments. As the behavioral strategies behind disturbance avoid-
ance are becomingwell understood, future studies might focus
on other small, isolated but natural bear populations in human-
modified landscapes (e.g., Zarzo-Arias et al. 2018), and help
to establish optimal management interventions during translo-
cations, human-bear conflicts prevention actions, and reduc-
tion of the risk of human-bear encounters.
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