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Abstract

The behaviour of marking trees by the brown bear occurs throughout the range of presence of
the species. It has recently been recognised as a mean of intra-specific chemical communication,
besides the likely function of ecto-parasite removal, and evidence from grizzlies showed that scent
marking of trees is mainly performed by adult males during the breeding season. However, detailed
studies on this behaviour in the Euroasian brown bear are lacking. We conducted a three year
study on a wild bear population of 50 individuals in the Eastern Italian Alps, using camera traps.
We aimed to assess the use of trees by bears’ age and sex classes, its temporal variation, and to
determine key habitat and human disturbance drivers of the intensity of use of rub trees. Camera
trapping yielded more than 500 videos of bears frommore than 9000 camera trapping days, age and
sex classes were identified in 59% of the videos. Results showed that rubbing wasmainly performed
by adult males, with females and sub-adults that only occasionally rubbed. Rubbing was performed
more during the breeding season, confirming that the main function of this behaviour is associated
to males’ breeding strategy. Olfactory investigation was performed by bears of all ages and sexes,
indicating the importance of scent marking at rub trees for intra-specific communication. We used
the camera trapping event rate as a raw index of intensity of usage of rub trees and found it to be
affected by aspect, type of roads and passage of motor vehicles at the sites, while the passage of
people did not affect it. We also estimated bear occupancy and detectability and found that the
latter was influenced by trail type and distance from roads and buildings. Our study provides a first
contribution to the use of rub trees by brown bears in the Alps.

Introduction
The behaviour of marking trees by the brown bear (Ursus arctos) is
known to occur throughout the range of occurrence of the species
(Green and Mattson, 2003; Puchkovskiy, 2009; Karamanlidis et al.,
2010; Clapham et al., 2013; Sato et al., 2014) but only relatively re-
cently it has been recognised as a mean of inter-specific chemical com-
munication and not only a way to remove ectoparasites (Green and
Mattson, 2003; Clapham et al., 2014). Studies in North America show
that rubbing is performed more by adult males of both brown (Ursus
arctos horribilis) and black bears (Ursus americanus), especially dur-
ing the mating season, supporting the function of rubbing for chemical
signalling to competitors to reduce aggressive encounters with other
males and increasing the chances of finding a partner (Burt and Pelton,
1983; Green and Mattson, 2003; Clapham et al., 2013, 2014). The im-
portance of rubbing behaviour in bears’ biology has triggered genetic
studies based on the analysis of hairs trapped in the tree bark (or in
ad-hoc placed barbed wire poles), allowing to assess population struc-
ture in brown bear populations (De Barba et al., 2010a,b; Gervasi et al.,
2012; Groff et al., 2015), or as additional records of presence for mod-
elling abundance, population trends and density (Kendall et al., 2008;
Stets et al., 2010; Sawaya et al., 2012; Ciucci et al., 2015). Rub trees
are usually found at conspicuous locations, recognisable from the sur-
rounding trees either by size or by being different species (Green and
Mattson, 2003; Puchkovskiy et al., 2012; Clapham et al., 2013), with
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coniferous trees being apparently preferred possibly because the dura-
tion of the scent leaved by bears is enhanced by the resins of the bark
(Green and Mattson, 2003). These trees are often located along travel
routes and some authors claim that they may be used as landmarks
(Green and Mattson, 2003). Rub trees are considered also places of
inter-specific communication, as markings from different species have
been recorded at the same trees (McTavish and Gibeau, 2010).

Knowledge on tree rubbing by the Eurasian brown bear remains
poorly investigated, with the only cases of a study in Greece, where
only electric power poles were targeted as rubbing sites (Karamanlidis
et al., 2007, 2010; Gohier, 2011), and in central Italy where the sub
species U. a. marsicanus was targeted (Ciucci et al., 2015). Here,
we provide a contribution to fill this gap by studying behavioural pat-
terns and spatio-temporal variations in the use of rub trees in the brown
bear population in Trento Province, NE Italy, the only population in
the Italian Alps. We used camera traps set in front of rub trees to sys-
tematically detect passing bears over a period of three years. A few
studies on grizzly bears (U. a. horribilis) and black bears (U. amer-
icanus) in North America have used camera trapping to monitor rub
trees, allowing to determine differences in spatio-temporal patterns by
age and sex classes, as well as to identify different motion patterns in
the rubbing behaviour (Clapham et al., 2014; Talor et al., 2015). Cam-
era trapping has emerged as a prime tool for a range of applications to
wildlife research over the last decade (O’Connell et al., 2011; Rovero
et al., 2013; Burton et al., 2015) but to our knowledge, this is the first
study of the Eurasian brown bear (Ursus arctos arctos) using system-
atic camera trapping. Our specific objectives were to (1) study temporal
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variation, within the bears’ activity season, in the use of rub trees; (2)
assess the differences in the use of rub trees by sex/age classes; (3) de-
termine habitat and human disturbance factors affecting the choice of
rub trees by bears; and (4) determine factors affecting the detectability
of brown bears at rub trees by camera trapping.

Methods
Study area and target species
The study area was the western part of Trento Province, Italy (lat.
46°10′ N, long. 10°45′ E, Fig. 1) and it encompassed the Adamello-
Brenta Natural Park to the west, the adjacent Paganella mountain to
the East and Monte Bondone to the South. The area is mainly covered
by beech (Fagus sylvatica) and fir (Picea abies) forests with other sub-
montane, montane and subalpine vegetation associations as well as bare
rocks and glaciers. The elevation range known to be preferred by bears
in southern Europe (i.e. 500–2000 m a.s.l.) is well represented in the
study area (Clevenger et al., 1992; Dupré et al., 1998; Preatoni et al.,
2005). The average human population density is 86/km2 with local and
seasonal variation due to high winter and summer tourism.

The Eurasian brown bear (U. a. arctos) was historically widespread
in the area, but in the 1990 the species was on the brink of extinction
with only three males left. The present population is the result of the
releases of 10 animals translocated from Slovenia from 1999 to 2002
(Mustoni et al., 2003; Preatoni et al., 2005). The area supports a stable
presence for the species (Figure 1) (Tosi et al., 2015) and it is poten-
tially connected with the eastern Dinaric-Pindos populations by two
corridors (Preatoni and Tattoni, 2006; Peters et al., 2015) occasionally
used by dispersing individuals. The brown bear population living in the
area amounts to 45–50 individuals as estimated from the genetic iden-
tifications (Groff et al., 2015) and it is considered to have been stable
in the area over the investigation period (Groff et al., 2014, 2015).

Data collection
Selection of rub trees

Our camera trapping study targeted each year 20 rub trees from a total
set of 156 that have been monitored by the Wildlife Service of the
Province of Trento (PAT) and other partners since 2011. All rub trees
were mounted with barbed wire to collect samples of hairs to be later
genetically analysed, barbed wire is not believed to be an attractive for
bears who already used the tree before nor a repulsive (Kendall et al.,
2008). The trees are found mainly in broad leave forests (beech) but
also in coniferous (spruce and fir) and mixed forests, at an elevation
range of 650–1700 m a.s.l. and are located along forest roads or trails.
Most of the sites selected by the bears for rubbing were living trees
belonging to the coniferous family of Pinacea, even if the most com-
mon forest type at that range is beech (Fagus sylvatica) (Tiso, 2011).
All of the 156 known rub trees lay on roads or trails despite capillary
exploration of the area by the park wardens (C. Groff, pers. comm.).

We selected rub trees for camera trap sampling using a criterion
which was random but constrained by the locations of the pool of rub
trees known in the area. Hence, to ensure a representative coverage of
the core area of the population (600 km2; Groff et al., 2015), we di-
vided the area into four quadrants and selected five rub trees in each,
ensuring that the distance between adjacent trees was greater than 3 km.
This selection resulted in targeted rub trees (density of 0.05/km2) loc-
ated in places where elevation, slope, aspect, distance from roads and
buildings did not have a significant difference from the whole sample
(Wilcoxon rank sum test and Chi-square for categorical variables).

Camera Trapping

Camera traps were set to function continuously throughout the activity
season of brown bears, i.e. from April to November 2012, 2013, 2014.
Each year, 20 camera traps were placed in front of known rub trees with
a total of 24 trees surveyed over the three years, of which 15 remained
the same: 5 sites needed to be discarded due to thefts of the camera
traps. We used UV565HD digital camera traps equipped with an infra-
red LED flash for video recording, that were set to work with no delay
between consecutive triggers and in continuous across the 24 hours.

Figure 1 – Study area where rub trees where monitored by camera trapping during 2012–
2014: distribution of the brown bear (Ursus arctos) in the Italian Peninsula and Dinaric-
Pindo ranges (modified from “The distribution area of the Brown bear in Europe 2006-2011”
available at KORA/LCIE websites (LCIE, 2013; KORA, 2013), right map. Location of the rub
trees and the camera traps (CT) in the study area, left map (camera trapping rate is pooled
for the tree years; white outline is the Adamello Brenta Natural Park).

Camera traps recorded a 20 second video at each trigger, with date and
time impressed on the video file. Camera traps were fixed to a tree
facing the rub-tree, at the height of about 2 meters and at an average
distance of 4 meters. The camera traps were checked every three weeks
for card (4 GB SD memory cards) and battery replacement. Camera
trap sites were located on trails used by hunters (12), the remaining
were equally parted among hiking trails, (i.e. mantained by the local
Alpine Club) and forestry roads of type A, i.e. where vehicle passage
is allowed with severe restrictions.

Environmental covariates

GIS data for the study area were obtained from publicly-available re-
positories and processed to derive potential covariates for the whole set
of rub trees locations. The following digital maps were used in soft-
wares GRASS GIS 6.4 (GRASS Development Team, 2012) and QGIS
2.1 (QGIS Development Team, 2015).
1. Land cover, road network and building vectormaps andDigital El-

evationModel (DEM) raster at 10m spatial resolution were down-
loaded from the PATGeoportal (http://www.territorio.provincia.tn.
it);

2. Vector map of forest types (Odasso, 2002);
3. Vector map of mountain trails was available at SATwebsite (SAT,

2014).
In addition, elevation, slope and aspect of the sites were derived from
DEMwhile wemeasured the following distances as potential proxies of
disturbance: distance from houses, distance from forestry roads, from
paved roads and from trails. Forest types and land cover were reclassi-
fied in fewer classes in order to simplify categorical data interpretation.

After processing, the list of environmental covariates used in the
models was the following: (1) elevation of the rub tree (in m a.s.l.);
(2) slope expressed in degrees; (3) aspect: 8 classes North, West, East,
South, NE, NW, SE, SW; (4) d_viapri: distance (m) from main road
(paved) network; (5) d_build: distance (m) from single buildings, in-
cluding mountain huts; (6) d_viafor: distance (m) from main forest
road network (unpaved); (7) d_sat: distance (m) from hiking trails;
(8) land cover: 7 land use categories (coniferous, broadleaf, mixed
broadleaf, urban, pastures, bushland, water) (9) forest types: 8 forest
category based on dominant tree species (beech, pine, fir, dwarf pine,
larch ash/hornbeam, spruce forest and no forest); (10) trail type: 4 cat-
egories SE (hiking trails), SC (hunter trails); forestry roads of type A
(used for logging), forestry roads of type B (restricted access). Dif-
ferent trail types have different usage by people: SE are popular trails
where people pass daily in the tourist season, including with bicycles
and motor bikes; SC are used only occasionally by hunters and mush-
rooms pickers. Forestry road of type A are only used for logging oper-
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Table 1 – Summary of the survey e�ort and results of monitoring brown bears (Ursus arctos arctos) at rub trees in the eastern Alps using camera trapping set at 20 rub tress each year,
See text for details. Last column reports the cumulative trap rate for the whole duration of the survey.

Events Camera days Trap rate
2012 2013 2014 2012 2013 2014 2012 2013 2014 Total

Mean 5.58 10.55 11.45 155.32 181.55 165.90 4.04 5.55 6.24 4.90
Standard Deviation 4.75 11.16 15.44 50.51 53.60 63.95 3.64 5.04 6.52 4.79
Range 17 41 64 154 170 243 14.02 18.64 25.71 17.19
Minimum 1 0 0 41 63 0 0.52 0.00 0.63 0.52
Maximum 18 41 64 195 233 243 14.55 18.64 26.34 17.71
Sum 106 211 229 2951 3631 3318 76.76 111.01 118.52 117.70

ations and only occasionally used by people. Given the location of rub
trees exclusive along trails and roads, we did not place camera traps
off-trails; while we acknowledge that this may be a limit to general-
ize our results for habitat use by the bears, we could compare different
intensity of usage among different types of trails/roads.

Data analysis
Single video sequences of individual bears were concatenated to derive
complete events of passing bears (or other species), which were then
screened for species identification and for classifying the rubbing beha-
viour. Results Data were stored in a relational database inMicrosof Ac-
cess 2000 format. The accounting of “independent events” (Rovero et
al., 2014) was done by setting an arbitrary interval of one hour between
videos of the same species. Individual events were later standardized
in order to avoid biases due to different sampling efforts among sites.
Trap rate is the relative frequency of capture for each species and it
is computed as number events/camera days×100 (e.g. Rovero et al.,
2014).

Videos of bears were classified for behaviour, number of individuals
and sex. Bear sex could be determined only when postures exposed the
genitals or when the cubs passed with their mother. The sexes are very
similar, adult males tend to be bigger in size, but it was rarely possible
to appreciate the proportion in a picture unless males and females were
seen together. The lack of natural marks on the coat prevents individual
recognition except for the four bears that were marked by ear tags or
GPS collar. Age/sex classes were arranged as in Clapham et al. (2014)
as follows: AM Adult Males, AF Adult Females, CUB bears aged less
than 1 year, JUVnon reproductive young bears aged less than 3–4 years,
IND all those not clearly belonging to any of the previous.

The behaviours were classified in five categories: (1)“Indifferent”;
(2)“Investigate”: when the animal sniff or stop to inspect the tree;
(3)“Rub”: when the animal scratched its back or other body parts on
the tree; (4)“Investigate and rub”: when rubbing followed an obvious
investigation; (5)“Mark”: active marking of the tree by scratching with
claws, biting for bears and also urination and defecation by other mam-
mals.

Covariance in the presence of different species, including humans,
was computed using Peterson’s pairwise correlation test, comparing the
observations at each rub tree, we included only records for medium-to-
large mammals, hence excluding birds and small mammals (basically
Apodemus sp. and squirrels), as well a domestic animals being out of
the interest of this study.

The analysis study of the environmental correlates of the use of rub
trees was conducted using two complementary analysis (1) multivari-
ate regression of the camera trapping rate at the rub trees and (2) oc-
cupancy analysis. The aim of the first analysis was to determine the

environmental drivers affecting the location and intensity of use of rub
trees by bears. We used GLM negative binomial, with backward step-
wise variable selection (available in the MASS R package Venables and
Ripley, 2002); we selected the best models on the basis of minimiz-
ing AIC (Burnham and Anderson, 2002). The aim of the occupancy
analysis, instead, was mainly to estimate detectability (see details be-
low) and how it varied across sites, especially in relation to disturbance
factors. Covariates were first checked for collinearity and outliers ac-
cording to the protocol suggested by (Zuur et al., 2010). All statistical
analysis were conducted using R (R Development Core Team, 2011; R
Studio, 2015).

We modelled occupancy with covariates using the analytical frame-
work developed byMacKenzie et al. (2003, 2006) to estimate the prob-
ability of occurrence (ψ) and detection (p) of the brown bear at the rub
trees locations. Detection probability is defined as the likelihood of
detecting a species at a site providing for the possibility that it may
be present but can go undetected. We pooled data for the 3 years un-
der the assumption that occupancy and detectability would not change
significantly in a population considered stable (Groff et al., 2015) and
also because we aimed to determine the effect of covariates that did not
change in time. We therefore applied a single-season occupancy model
(MacKenzie et al., 2003).

The data for the occupancy analysis were compiled as required by the
unmarked R package (Fiske and Chandler, 2011) resulting in a matrix
of 24 rows, one for each site, and 30 columns of sampling occasions.
We considered a sampling occasion a week, thus we split our events
on a weekly basis. Events were attributed to a week from mid April to
mid-November; sites were considered occupied (1) if a bear was recor-
ded there in any year. We tested the influence of a number of covari-
ates on occupancy and detectability. Even though we were primarily
interested in modelling detectability (knowing that bears occur across
the sampled area), we also modelled occupancy (ψ) using the follow-
ing sub-set of covariates of habitat and disturbance: elevation, slope,
aspect, distance from buildings and roads. Instead, the following cov-
ariates, that we assumed of potential influence on the detection process,
were used to model detection probability (p): distance from buildings
and roads, type of road on which the rub tree is located (forest road
SFA, hunters trail SC or mountain tail SE), camera trapping rate of both
people and vehicles. Covariates were standardized prior to the analysis.
Competing models were ranked by AIC (Akaike, 1973), and when we
did not find a single, best model, those with delta AIC less than 4 were
averaged with the function available in the R package MuMIn (Bartón,
2015).

Table 2 – Number of events of rubbing behaviour by age/sex classes, performed by the brown bear (Ursus arctos arctos) in the eastern Alps as detected by camera trapping.

Behaviour Adult Females Adult Males Cubs Indeterminate Sub-adults
Investigate 14 62 6 81 30
Invest. and rub 3 62 0 7 4
Rub 0 35 0 3 0
Indifferent 20 56 8 134 21
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Results
Of the 24 camera traps that we set overall, 5 were stolen and a few
malfunctioned, realizing a sampling effort of 9302 camera days over the
three years. This yielded 15147 videos of animals, people and motor
vehicles, as reported in Table S1. The events were 11088, whereof 546
independent passages were of brown bears: 106 in the year 2012, 211
in 2013, and 229 in 2014, respectively (Tab. 1), with an average of 10.8
videos of bear per camera trap (range 1–61).

Cumulative camera trapping rate for brown bear ranged from 0.5 to
1.7 with an average of 4.9 (Tab. 1). In addition to bears, we recorded
human presence through 84 videos of cars, 46 videos of motorbikes and
quads, and 4112 videos of people either walking or riding a bicycle; we
also recorded 21 species of other medium-to-large mammals (Tab. S1).

Rubbing behaviour
Only adult bears could be attributed to a sex class, as young males and
young females are similar. We recorded 37 events of females, 215 of
males and the remaining 294 events were of undetermined sex; among
these, we identified 14 cubs and 55 sub-adults. Table 2 reports the
observed behaviours according to sex/age classification. Bears who
rubbed the trees were predominantly males (N=97), while in 10 cases
they were undetermined, 4 were sub-adults, 3 were females while cubs
(N=14) were never recorded rubbing. Rub tree investigation (35% of
events) was performed by bears of all ages and sexes, however the most
frequent behaviour was indifference (44% of events). The events recor-
ded during the breeding season (May-July) were 298, while they were
248 during the rest of the year. The number of all individual events
and the number of rubbings had a peak in the month of June, in corres-
pondence with the mating season for the bear in the area. “Rubbing”
and “Investigate and rubbing” were significantly more frequent during
the breeding season (Pearson’s Chi-squared test p<0.01; Tab. 2, Fig. 2),
while investigation of the trees occurred throughout the period of activ-
ity and by both sexes (Fig. 3). Females passing by camera traps showed
to be indifferent most of the times (20 events), they did investigate (14)
and rubbed (3 events after investigation and only during the non breed-
ing season).

The occurrence and behaviour of other species of medium-large
mammals at rub trees showed that about 5% of the 1873 events of car-
nivores were of animals marking the trees, as well as a single event of
chamoix among the 3919 of ungulates. Correlations in the events of
bear and other mammals were tested using pairwise correlations: this
was significant between brown bear and fox (r=0.7), brown bear and
badger (r=0.5) and brown bear and martens (r=0.5). When carnivores
other than bear were pooled, the correlationwith bear increased (r=0.7),

Figure 2 – Number of events for each behaviour performed by brown bears (Ursus arctos
arctos) during the breeding and the non breeding season of a three year survey in the
Italian Alps. The di�erences in rubbing frequency among seasons are significant (χ2 test;
p<0.01).

while the correlation with ungulates was not significant (r=0.4). No
pairwise correlation was found between events of bears and of motor
vehicles nor between events of bears and of people.

Covariates of the use of rub trees and bears’ detectability
The relationship between cumulative camera trapping rate and spatial
covariates showed that key drivers were aspect (especially southern and
north east) and the location on a forestry road; the frequency of passing
vehicles had a negative effect on bear’s camera trapping rate while the
frequency of passing people did not affect it (Tab. 3), according to a
GLM model that explained 72.8% of deviance (which is a remarkably
high proportion).

Occupancy analysis showed that estimated occupancy of the null
model (i.e. no covariate effect) resulted almost equal to one (ψ=0.99,
SE=1), while detection probability was 0.37 (SE=0.52). Out of 170 oc-
cupancy models with different combinations of the covariates 5 were
selected based on delta AIC < 4 (see Appendix A for full results).
Model averaging showed that occupancy was not affected by any of the
covariates (Tab. 4), which is not surprising being the study sites in the
core area of the population and given the fact that we pooled data for 3
years resulting in bears detected at nearly all sites (ψ=0.99 for the null
model). Interestingly, however, detection probability was influenced by
several human-related factors (Tab. 4, Fig. 5), with the most influential
covariates (i.e. retained in all of the 5 best models) being distance from
the main road network (negative effect) and trail type (significant pref-
erence for forestry roads). The best models also retained the frequency
of passing vehicles as significantly and positively affecting detectab-
ility, a result in apparent contrast with the above mentioned results of
negative effect of vehicles on bears’ camera trapping rate.

Discussion
Our study provides new insights on the behaviour and spatio-temporal
patterns of use of rub trees by Eurasian brown bears and shows that
camera trapping is a critical tool to reveal aspects not derivable through
other methods such as hair trapping. The use of camera trapping at
rub trees allowed the sampling of bears belonging to different age/sex
classes, hence overcoming the knownmale-bias of hair sampling which
makes this techniques unsuited for collecting representative samples of
the population (Graver et al., 2011). We found that adult males were
the main performers of rubbing while females and sub-adults rubbed
the trees only occasionally as observed also in theMarsican brown bear
population (Ciucci et al., 2015). Adult males advertised their presence
to other bears more intensely during the mating season, as observed in
grizzlies by Clapham et al. (2013), supporting the hypothesis that they
are communicating competitive abilities to other males. Scent mark-
ing by females occurred only three times, all of which in autumn, sug-
gesting that female bears displayed this behaviour outside the breeding
season as seen in the grizzlies (Clapham et al., 2014). The rubbing
behaviour by males was performed also outside the breeding season,
even though at lower intensity, suggesting a potential benefit for the

Figure 3 – Relative frequency of behaviours between brown bear (Ursus arctos arctos)
sexes, as recorded in the Italian Alps by camera trapping. The di�erences in rubbing
frequency among seasons is significant (χ2 test; p<0.01).
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Table 3 – Results of the GLM negative binomial regression where the dependent variable is the trap rate of brown bears (Ursus arctos arctos) from the 24 camera monitored sites in the
Italian Alps. Legend for variables: slope is expressed in degrees; aspect: 8 classes North, West, East, South, NE, NW, SE ,SW; trail type: SE (hiking trails), SFA forestry roads of type A (used
for logging), motor_tr: trap rate for motor vehicles, men_tr: trap rate for people.

Coefficients Confidence interval
Covariates Estimate Std. Error z z value p(>|z|) p<0.05 Odds Ratio 2.50% 97.50%
aspect NE 1.411 0.306 4.614 0.000 * 4.100 2.268 7.556
aspect NW −0.776 0.511 −1.519 0.129 0.460 0.155 1.194
aspect W 0.014 0.436 0.031 0.975 1.014 0.410 2.312
aspect SW 1.670 0.399 4.185 0.000 * 5.314 2.393 11.556
aspect S −1.447 0.852 −1.697 0.090 0.235 0.032 1.049
aspect SE 0.926 0.439 2.111 0.035 * 2.524 1.047 5.938
slope 0.043 0.015 2.850 0.004 * 1.044 1.014 1.077
trail SE 0.090 0.425 0.213 0.831 1.095 0.450 2.428
trail SFA 1.275 0.442 2.887 0.004 * 3.579 1.513 8.653
motor_tr −0.216 0.065 −3.308 0.001 * 0.806 0.701 0.909
men_tr 0.007 0.002 2.709 0.007 * 1.007 1.002 1.012

Figure 4 – Hourly activity patterns of people and brown bears (Ursus arctos arctos) as
detected by camera trapping in the Italian Alps.

signalling bears that is still to be understood (Clapham et al., 2013).
In our study, the inspection of rub trees was performed by bears of all
ages and sexes suggesting that the message sent by males is directed to
both competitors and possible partners, confirming the importance on
rub-trees for intra specific communication.

The results of the analysis of spatial drivers of rub trees use, as in-
dexed by camera trapping rate, are overall not of straightforward inter-
pretation: aspect, trail type and road network are apparently key vari-
ables. Results revealed a clear difference in the daily activity patterns
of bear and people (Fig. 4), a likely explanation to why the passage
of people, which was intense along popular hiking trails, did not seem
to affect the bears. A temporal shift in daily and seasonal activity has
been observed elsewhere in bears as a response to human activity and
the development of tourist resorts (Ordiz et al., 2011, 2013), especially
in human dominated landscape (Martin et al., 2010). The results sug-
gests that large trails and forestry roads may be preferred movement
routes by bears in our study area, matching results for other populations
(Kendall et al., 2008; Stets et al., 2010; Graver et al., 2011; Sawaya et

al., 2012; Clapham et al., 2013), while the effect of paved roads or high
intensity logging routes proved to disturb the species elsewhere (Ordiz
et al., 2014). The passage of motor vehicles had instead a negative in-
fluence on bears’ camera trapping rate, indicating that vehicles are of
clear disturbance to bears irrespectively of the time patterns of these
events. While these results provide insights into rub trees use, we re-
commend caution in interpretation given the known limits of camera
trap rate as a raw index of relative abundance that does not account for
imperfect detection (e.g. Rovero et al., 2014).

On the contrary, estimation of occupancy and detectability provides
for an unbiased metric (MacKenzie et al., 2006) and in our study it was
of particular value to determine potential factors affecting bears’ de-
tection process, that may in turn be indicative of site-specific habitat
features and/or behavioural responses to disturbance. Hence, decreas-
ing bear detectability with increasing distance from roads indicate that
proximity to road per se does not induce any avoidance or increased
shyness, as it may have been expected for the species (e.g. Rovero et
al., 2014). This is concordant with a comparable pattern of increased
detectability with the camera trapping rate of people passing at camera
sites. In contrast, increased detectability with distance from building
may indicate greater bears’ shyness in proximity of a direct and per-
manent source of disturbance. The positive and significant effect of the
frequency of passing vehicles on detectability is, instead, of difficult
interpretation and it is only apparently in contrast with the result high-
lighted above that vehicles negative affects the camera trapping rate of
bears. Indeed while camera trapping rate can be used as an index of
abundance, detectability is related to the observation process, hence
the two metrics may not be concordant. However, in this specific case,
the effect on detectability of vehicles may be spurious and possibly re-
lated to the fact that most trafficked forestry roads are sites where bear
detection is theoretically higher; model results indeed indicate that the
effect of hiking trails versus forestry road is higher, negative and sig-
nificant (Fig. 5). These results overall shed lights on the adaptability
of the target bear population to live in a highly settled area and human-
modified habitat. Even though human presence is high in the study area
and rub-trees are located on mountain trails and forestry roads that can
be intensively used, man-bear interactions remains rare but are of in-
creasing concern as the bear population abundance increases in size.

Table 4 – Results of occupancy (ψ) and detection probability (p) estimation and modelling with covariates for brown bears (U. a. arctos) in the Eastern Alps. Model averaging was applied
to the five models with delta AIC < 4. Full model details are reported in Table A1. Asterisks mark the significant covariates. No covariate of ψ was significantly retained.

Model-averaged coefficients Estimate Std. Error z value p(>|z|) p<0.05
p(distance from roads) −0.449 0.153 2.942 0.0033 *
p(trail type: hiking trail) −1.066 0.236 4.523 <0.0001 *
p(trail type: forest road A) −0.547 0.312 1.751 0.0799
p(vehicles’ trapping rate) 0.299 0.127 2.350 0.0188 *
p(distance from buildings) 0.237 0.118 2.010 0.0445 *
p(humans’ trapping rate) 0.254 0.124 2.041 0.0412 *
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Figure 5 – E�ect of the environmental covariates on the detection probability of the brown bear (U. a. arctos) in the Alps. The detection probability is higher on game trails (trail type
SC) rather than on forest roads (SFA) and hiking trails (SE). See text for further details.

Our study allowed for a number of other species to be detected, and
among these we obtained the first records of wolves and wild boar dis-
persing into the study area. This study confirms the suitability of bear
rub trees as privileged sites for camera trapping, as shown elsewhere
(Steenweg et al., 2013). Rub trees are believed to play a role also for
inter-specific communication due especially to their peculiar location
and to the scent mark they diffuse in the nearby. The data collected in
this work proved that rub trees are certainly located in places of transit
for many species, however our results do not support a primary function
for inter-specific communication.

References
Ahumada J.A., Silva C.E.F., GajapersadK., HallamC., Hurtado J., 2011. Community struc-

ture and diversity of tropical forest mammals: data from a global camera trap network.
Philosophical Transactions of the Royal Society B: Biological Sciences 366(1578):
2703-–2711.

Akaike H., 1973. Information theory and an extension of themaximum likelihood principle.
In: Petran B.N., Csaki F., (Eds.) International Symposium on Information Theory. Aka-
demiai Kiadi. 267-–281,

Bartoń K., 2015. MuMIn: Multi-Model Inference. Available at:http://cran.r-project.org/
package=MuMIn.

Burt T.L., Pelton M.R., 1983. Black bears mark trees in the Smoky Mountains. Int. Conf.
Bear Res. and Manage. 45-–53.

Burnham K.P., Anderson D.R., 2002. Model Selection and Multimodel Inference, 2nd Edi-
tion. Springer, New York.

Burton A.C., Neilson E., Moreira D., Ladle A., Steenweg R., 2015. Wildlife camera trap-
ping: a review and recommendations for linking surveys to ecological processes. Journal
of Applied Ecology 52(3): 675-–685

Ciucci P., Gervasi V., Boitani L., Boulanger J., Paetkau D., Prive R., Tosoni E., 2015 Estim-
ating abundance of the remnant Apennine brown bear population using multiple nonin-
vasive genetic data sources. Journal of Mammalogy 96: 206–220.

Clapham M., Nevin O.T., Ramsay A.D., Rosell F., 2013. Food availability affects the scent
marking frequencies of wild brown bears. 22nd International Conference on Bear Re-
search and Management, Provo, Utah.

Clapham M., Nevin O.T., Ramsay A.D., Rosell F., 2013. The function of strategic tree
selectivity in the chemical signalling of brown bears. Animal Behaviour 85(6): 1351—
1357.

Clapham M., Nevin O.T., Ramsay A.D., Rosell F., 2014. Scent-marking investment and
motor patterns are affected by the age and sex of wild brown bears. Animal Behaviour
94: 107-–116.

Clevenger A.P., Purroy F.J., Pelton M.R., 1992. Brown bear (Ursus arctos L.) habitat use
in the Cantabrian Mountains, Spain. Mammalia: 56: 203–214.

De Barba M., Waits L.P., Garton E.O., Genovesi P., Randi E., 2010. The power of genetic
monitoring for studying demography, ecology and genetics of a reintroduced brown bear
population. Molecular Ecology 19(18): 3938-–3951.

De Barba M., Waits L.P., Genovesi P., Randi E., Chirichella R., 2010. Comparing oppor-
tunistic and systematic sampling methods for non-invasive genetic monitoring of a small
translocated brown bear population. Journal of Applied Ecology 47(1): 172-–181.

Dupré E., Genovesi P., Pedrotti L., 1998. Studio di fattibilità per la reintroduzione dell’orso
bruno (Ursus arctos) sulle Alpi centrali. 1-20. 1998. Istituto Nazionale per la Fauna
Selvatica “Alessandro Ghigi” & Parco Naturale Adamella Brenta. [in Italian]

Fiske I., Chandler R., 2011. unmarked: An R Package for Fitting Hierarchical Models of
Wildlife Occurrence and Abundance. Journal of Statistical Software 43(10): 1-–23.

Garshelis D.L., 2006. On the allure of noninvasive genetic sampling — putting a face to
the name. Ursus 17(2): 109-–123.

Gervasi V., Ciucci P., Boulanger J., Randi E., Boitani L., 2012. A multiple data source
approach to improve abundance estimates of small populations: The brown bear in the
Apennines, Italy. Biological Conservation 152(0): 10-–20.

Gohier M., 2011. Evaluating the marking of brown bears (Ursus arctos) in an area inter-
sected by a highway in northern Greece. Universitè de Rennes 1, Master Thesis.

GRASS Development Team, 2012. Geographic Resources Analysis Support System
(GRASS GIS) Software. Available at: http://grass.osgeo.org.

Graves T.A., Kendall K.C., Royle J A., Stetz J B., Macleod A.C., 2011. Linking landscape
characteristics to local grizzly bear abundance using multiple detection methods in a
hierarchical model. Animal Conservation 14(6): 652-–664.

6



Use of rub trees by brown bear

Green G.I., Mattson D.J., 2003. Tree rubbing by Yellowstone grizzly bears Ursus arctos.
Wildlife Biology 9(1): 1-–9.

Groff C., Bragalanti N., Rizzoli R., Zanghellini P., 2015. Bear report – Rapporto
Orso 2014. Available at: http://www.orso.provincia.tn.it/binary/pat_orso/rapporto_orso/
rapportoORSO_2014.1426152499.pdf [in Italian]

Groff C., Bragalanti N., Rizzoli R., Zanghellini P., 2014. Rapporto Orso 2013. Avail-
able at: http://www.orso.provincia.tn.it/binary/pat_orso/rapporto_orso/Rapporto_Orso_
2012.1362642771.pdf. [in Italian]

Karamanlidis A., Drosopoulou E., Gabriel Hernando M., Georgiadis L., Krambokoukis L.,
2010. Noninvasive genetic studies of brown bears using power poles. European Journal
of Wildlife Research 56(5): 693-–702.

Karamanlidis A., Youlatos D., Sgardelis S., Scouras Z., 2007. Using sign at power poles to
document presence of bears in Greece. Ursus 18(1): 54-–61.

Kendall K.C., Stetz J.B., Roon D., Waits L.P., Boulanger J. B., 2008. Grizzly Bear Density
in Glacier National Park, Montana. The Journal of Wildlife Management, 72(8): 1693-
–1705.

KORA, 2013. Brown bear Europe, distribution. Available at: http://www.kora.ch.
LCIE, 2013. Brown bear facts. Available at: Large Carnivore Initiative http://www.lcie.org/

Large-carnivores/Brown-bear.
MacKenzie D.I., Nichols J.D., Hines J.E., Knutson M.G., Franklin A.B., 2003. Estimating

site occupancy, colonization, and local extinction when a species is detected imperfectly.
Ecology 84(8): 2200-–2207.

MacKenzie D.I., Nichols J.D., Royle J.A., Pollock K.H., Bailey L.L., 2006. Occupancy
Estimation and Modeling Inferring Patterns and Dynamics of Species Occurrence. El-
sevier.

McTavish C., Gibeau M.,2010. How animals send “tree mail”. Remote imaging reveals
forest communication. The Wildlife Professional. Summer 2010. The Wildlife Society.

Martin J., Basille M., Moorter Van B., Kindberg J., Allainé D., Swenson J.E., 2010. Coping
with human disturbance: spatial and temporal tactics of the brown bear (Ursus arctos).
Canadian Journal of Zoology, 88: 875–883.

Mustoni A., Carlini E., Chiarenzi B., Chiozzini S., Lattuada E., Dupré E., Genovesi P., Ped-
rotti L., Martinoli A., Preatoni D., Wauters L., Tosi G., 2003. Planning the Brown Bear
Ursus arctos reintroduction in the Adamello Brenta Natural Park. A tool to establish a
metapopulation in the Central-Eastern Alps. Hystrix 14(1–2): 3–27. doi:10.4404/hystrix-
14.1-2-4313

O’Connell A.F., Nichols J.D., Ullas K.K., 2011. Analyses, Camera Traps in Animal Eco-
logy: Methods and Analyses, Springer.

Odasso M., 2002. I tipi forestali del trentino. Report del Centro di Ecologia Alpina, 192.
[in Italian]

Ordiz A., Bischof R., Swenson J.E., 2013 Saving large carnivores, but losing the apex
predator? Biological Conservation 168: 128-–133.

Ordiz A., Kindberg J., Sæbø S., Swenson J.E., Støen O., 2014. Brown bear circadian beha-
vior reveals human environmental encroachment. Biological Conservation 173: 1–9.

Ordiz A., Støen O., Delibes M., Swenson J.E., 2011. Predators or prey? Spatio-temporal
discrimination of human-derived risk by brown bears. Oecologia 166: 59—67.

Peters W., Hebblewhite M., Cavedon M., Pedrotti L., Mustoni A., Zibordi F., Zanin M.,
Groff C., Cagnacci F., 2015. Resource selection and connectivity reveal conservation
challenges for reintroduced brown bears in the Italian Alps. Biological Conservation
186: 123–133.

Preatoni D., Mustoni A., Martinoli A., Carlini E., Chiarenzi B., Chiozzini S., van Dongen
S., Wauters L.A., Tosi G., 2005. Conservation of brown bear in the Alps: space use and
settlement bahavior of reintroduced bears. Acta Oecologica 28: 189–197.

Preatoni D.G., Tattoni C., 2006. Action A.2 - Analysis of possibilities of es-
tablishing a brown bear metapopulation Final Report, Available at: http:
//ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&
n_proj_id=2579&docType=pdf.

Puchkovskiy S.V., Buinovskaya M.S., Voronetskaya D.K., Neustroev G.V., 2012. On the
studies of marking behavior of brown bear in terms of tree diameter selectivity. Con-
temporary Problems of Ecology 5(1): 104-–109.

Puchkovskiy S.V., 2009. Selectivity of tree species as activity target of brown bear in taiga.
Contemporary Problems of Ecology 2(3): 260-–268.

QGIS Development Team, 2015. QGIS Geographic Information System. Available at: http:
//qgis.osgeo.org.

R Development Core Team, 2011. R: A Language and Environment for Statistical Comput-
ing. R Development Core Team, R Foundation for Statistical Computing. Available at:
http://www.r-project.org.

R Studio, 2015. RStudio: Integrated development environment for R. Available at: http:
//www.rstudio.com

Rovero F., Martin E., Rosa M., Ahumada J.A., Spitale D., 2014. Estimating Species Rich-
ness and Modelling Habitat Preferences of Tropical Forest Mammals from Camera Trap
Data. PLoS ONE 9(10): e110971. doi:10.1371/journal.pone.0110971

Rovero F., Zimmermann F., Berzi D., Meek P., 2013. “Which camera trap type and how
many do I need?” A review of camera features and study designs for a range of wildlife
research applications. Hystrix 24(2): 148-–156. doi:10.4404/hystrix-24.2-8789

Sato Y., Kamiishi C., Tokaji T., Mori M., Koizumi S., 2014. Selection of rub trees by brown
bears (Ursus arctos) in Hokkaido, Japan. Acta Theriologica 59(1): 129-–137.

Sawaya M.A., Stetz J.B., Clevenger A.P., Gibeau M.L., Kalinowski S.T., 2012. Estimating
grizzly and black bear population abundance and trend in Banff National Park using
noninvasive genetic sampling. PLoSONE 7(5): e34777. doi:10.1371/journal.pone.0034777

SAT, Società degli Alpinisti Tridentini, 2014. Dati digitali dei sentieri SAT. Available at:
http://www.sat.tn.it/sns/12/home/download_sentieri.html [in Italian]

Steenweg R., Whittington J., Hebblewhite M., 2013. Examining Trends in Carnivore Pop-
ulations and their Prey Using Remote Cameras, Report for Parks Canada.

Stetz J.B., Kendall K.C., Servheen C., 2010. Evaluation of bear rub surveys to monitor
grizzly bear population trends. Journal of Wildlife Management 74(4): 860-–870.

Taylor A.P., Allen M.L., Gunther M.S., 2015. Black bear marking behaviour at rub trees
during the breeding season in northern California. Behaviour 152(7–8): 1097–1111.

TisoM., 2011. Rub trees: testing a newmethod for genetic monitoring of brown bear (Ursus
arctos L.) in Trentino. Degree thesis, Università degli Studi di Padova.

Tobler M.W., Carrillo-Percastegui S.E., Leite Pitman R., Mares R., Powell G., 2008. An
evaluation of camera traps for inventorying large-and medium-sized terrestrial rainforest
mammals. Animal Conservation 11(3): 169-–178.

Tosi G., Chirichella R., Zibordi F., Mustoni A., Giovannini R., Groff C., Zanin M., Apol-
lonio M., 2015. Brown bear reintroduction in the Southern Alps: to what extent are
expectations being met? Journal for Nature Conservation 26: 9–19.

Venables W.N., Ripley B.D., 2002. Modern Applied Statistics with S. Fourth Edition.
Springer, New York.

Zuur A.F., Ieno E.N., Elphick C.S., 2010. A protocol for data exploration to avoid common
statistical problems. Methods in Ecology and Evolution 1(1): 3—14.

Associate Editor: A. Mortelliti

Supplemental information
Additional Supplemental Information may be found in the online version of this art-
icle:
Table S1 List of species and vehicles recorded by camera trapping and number of

individual events per year.
Appendix A Occupancy model selection.

7


