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Introduction

Human-wildlife conflicts sometimes involve bold animals that do not fear humans
and their activities. Such behaviour is detrimental to both wildlife and people and
may lead to conflicts, which can be especially serious for large carnivores. Like most
wildlife, these species have adapted to live in highly humanized landscapes by adopt-
ing human avoidance behaviours. However, bold individuals exist, which represent a
main cause of conflicts, public fear and negative attitudes, that greatly influence man-
agement and conservation actions. Although costly decisions are constantly made to
deal with such individuals, evidence-based knowledge of their behaviour, that is how
and when they move, especially in relation to human activities, is lacking. We anal-
ysed telemetry data of brown bears (Ursus arctos) that were GPS-collared across
Slovenia and Trentino (Italy) to explore spatial behaviour and rhythms of activity of
bears that were identified as bold by managers and to assess if and how their beha-
viour differs from that of their ‘non-bold’ conspecifics (hereafter, control individu-
als). Because other factors such as sex and age of the bear, season, daytime and
region may affect behaviour, we also included these variables in our analyses. On
one hand, bold bears were more active at the daytime and used open areas consider-
ably more often than control bears. On the other hand, although differences in dis-
tance to settlements and roads, movement rates and daily home ranges were also
found, they were not as pronounced as expected. Instead, other factors were found to
affect bear behaviour and, most importantly, we found strong inter-individual differ-
ences in all behaviours. Such results suggest that, although bold bears have some
behavioural attributes in common that distinguish them from control bears, each indi-
vidual differs from one another. Our study represents a first step towards understand-
ing bold bears’ behaviour and provide novel evidence-based knowledge that can help
to better know and manage these individuals.

many situations where wildlife pose a threat to human safety or
conservation objectives, few problem individuals are involved

Human-wildlife conflicts are an increasing issue worldwide
(Found and St. Clair, 2018; Lowry, Lill, and Wong, 2013) and
one of the traditional ways to deal with them involves general-
ized lethal management that targets all individuals in an animal
population, regardless of their behaviour, such as regular cul-
ling (Conover, 2002). Such an approach relies on the assump-
tion that decreasing population size will result in a reduction in
conflicts (Takeshi Honda and Iijima, 2016). There is, however,
mounting pressure to employ selective and non-lethal strategies
that target problem individuals only (Found and St. Clair,
2016; Swan et al., 2017). Indeed, evidence suggests that, in
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(Jerina et al., 2012; Linnell et al., 2008; Swan et al., 2017) and,
consequently, they are the main cause of hostility among stake-
holders (Jerina et al., 2012; Goldman, De Pinho, and Perry,
2013; Neff and Hueter, 2013; Swan et al., 2017) and, in
extreme cases, of illegal acts towards the species (Kaczensky
et al., 2011). Moreover, selective management would allow
maintaining relatively larger carnivore populations, which is an
important conservation goal, especially in small populations
(Sinclair et al., 20006).

Sometimes, human-wildlife conflicts involve individuals
that, either through learning (i.e. habituation or food


mailto:
mailto:
https://orcid.org/0000-0002-9333-7846
https://orcid.org/0000-0002-9333-7846
https://orcid.org/0000-0002-9333-7846
https://orcid.org/0000-0002-0374-1985
https://orcid.org/0000-0002-0374-1985
https://orcid.org/0000-0002-0374-1985

Understanding behaviour of bold brown bears

conditioning) or because of natural tolerance, do not show
fear towards humans and their activities. Such individuals
(hereafter, bold individuals) especially occur in areas charac-
terized by high human encroachment (Cahill et al., 2012;
Tuomainen and Candolin, 2011). Here, tolerance towards
humans might provide immediate benefits for wildlife, such
as easy access to anthropogenic food-resources and protec-
tion from predators or conspecifics (Elfstrom et al., 2014;
Miranda et al., 2013). However, when humans and wildlife
share the same landscape, the presence of bold individuals
might increase the occurrence of conflicts or can represent a
conflict per se. When this happens, the results can be espe-
cially serious when conflicts involve species that can threaten
human safety (Geist, 2011; Found and St. Clair, 2016), such
as those that are large-bodied (e.g. Chakraborty and Mondal
2013), carnivorous (Breck et al., 2019; Rauer et al., 2018;
Shivik, Treves, and Callahan, 2003) and susceptible to zoo-
notic diseases (e.g. Plowright et al. 2011).

Large carnivores are among the most problematic and
challenging wildlife in terms of management, especially
because of the high costs of compensation payments and
preventive measures required to mitigate conflicts, for exam-
ple damages to crops and livestock (van Eeden et al., 2018;
Swan et al., 2017; Krofel et al., 2020), and risky encounters
with people, which may end with human injuries or death
(Loe and Roskaft, 2004; Penteriani et al., 2016). In recent
years, large carnivore populations have undergone an impor-
tant recovery in many parts of the world and, particularly in
Europe, they are now returning and thriving in areas that
have been intensively altered by humans (Chapron et al.,
2014; Kuijper et al., 2016). If current trends continue, we
may expect large carnivores to become more and more com-
mon across human-modified landscapes (Kuijper et al.,
2016), which is likely to lead to increasingly frequent inter-
actions with people (Morales-Gonzélez et al., 2020). Like
most wildlife, large carnivores have adapted to live in highly
humanized landscapes by adopting human avoidance beha-
viours, such as being active at twilight and night, and avoid-
ing using areas in proximity to people and their activities
(Gaynor et al., 2018; Ordiz et al., 2014; Seryodkin et al.,
2013). Yet, some individuals do not avoid human presence
(Elfstrom et al., 2014).

Large carnivores that do not fear the presence of people,
or even approach human settlements, represent a manage-
ment issue because, although they may not pose an immedi-
ate threat to human property and safety: (1) they might
eventually turn into conflict individuals if no action is taken
and, due to the disproportionate attention they often receive
from the local media, (2) they represent a main cause of
public fear and negative attitudes towards large carnivores,
which have the potential to negatively influence management
decisions concerning the entire local population to which the
individual belongs (Elfstrom et al., 2014; Johansson et al.,
2016). Although important and, sometimes, costly decisions
are constantly taken by wildlife managers to deal with these
individuals (ranging from intensive radio-tracking monitoring
to applying aversive conditioning techniques to, in extreme
cases, the permanent removal of the individual), little is
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known about their behaviour and, in particular, if and how it
differs from that of their conspecifics. Gaining evidence-
based knowledge on these individuals is key to improving
our understanding of this unexplored behaviour, and could
also help managers in developing better strategies to deal
with these individuals.

GPS (Global Positioning System) telemetry and other
tracking techniques have allowed researchers to better under-
stand individual behaviour and personalities in wild popula-
tions (e.g. Chapman et al. 2011; Delgado and Penteriani
2008; Found and St. Clair 2016; Hertel et al. 2019; Kays
et al. 2015; Sih et al. 2004; Spiegel et al., 2017) and have
been extensively employed to study how large carnivores
move and make use of their environment with respect to
conspecifics (Hertel, Swenson, and Bischof, 2017; Leclerc
et al., 2016), as well as humans and their activities (reviewed
in Elfstrom et al. 2014 and Penteriani et al., 2018). How-
ever, we are unaware of any work that has used GPS
telemetry data obtained from specific monitoring of those
individuals that managers identified as bold (i.e. individuals
that were repeatedly seen in or in close proximity to human
settlements) to explicitly study their spatial behaviour and
assess if and how it differs from that of their conspecifics.

Among large carnivores, the brown bear Ursus arctos repre-
sents a good model species to study bold behaviour and its
association with movement ecology because bears: (1) are
among the most common large carnivores inhabiting human-
modified landscapes (Haroldson et al., 2020; Morales-Gonzalez
et al., 2020; Swenson et al., 2020); (2) live in proximity to
humans in many areas of their distribution (Chapron et al.,
2014; Elfstrom et al., 2014); (3) cause conspicuous damage to
human property (Bautista et al., 2017; A. Zarzo-Arias et al.,
2020); and, under specific conditions, (4) may represent a risk
to human safety (Bombieri et al., 2019; Kudrenko et al., 2020;
Smith and Herrero, 2018; Stgen et al., 2018). Although man-
agement plans in some countries still imply reactive lethal
strategies or generalized culling to deal with bear conflicts,
existing knowledge suggests that proactive and selective man-
agement that targets individuals may represent a more effective
solution, as well as being, in general, more socially accepted
(Maji¢ Skrbinsek and Krofel, 2015; Swan et al., 2017). More-
over, it has been shown that, in some cases, bold behaviour
may be reversed through learning processes, such as aversive
conditioning (Found and St. Clair, 2018; Gillin, and Peterson,
1995; Mazur, 2010). However, such an approach has yielded
contrasting results thus far, and would likely require identifying
bold bears as early as possible because, once a bear has devel-
oped high levels of conflict behaviour, aversive conditioning
might not be sufficient (Mazur, 2010) and removal might be
necessary (Maji¢ Skrbinsek and Krofel, 2015). Because of this,
a deeper understanding of the behaviour of bold bears repre-
sents a first and key step towards gaining the necessary knowl-
edge to be able to quickly identify such individuals and, thus,
choose the most effective management actions.

To this end, we analysed the behaviour of brown bears
that had previously been identified by managers as bold and
that, because their behaviour might have turned or had
already turned into conflictual attitudes, had specifically been
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GPS-collared for monitoring purposes and, in extreme cases,
removal (Fig. 1 shows two examples of bold bears included
in our study). Then, we compared the behaviours of these
potentially problematic bears with a sample of control indi-
viduals (i.e. bears that have not been identified by managers
as bold) that were GPS-collared in the same area and time

Understanding behaviour of bold brown bears

period, with the aim of studying the spatial behaviour of
bears and assessing if and to what extent bold individuals
differ in their behaviour from control ones. Specifically, we
focused on a specific set of behaviours that have been identi-
fied in previous literature as being related to boldness and
decreased fear of humans, which can be particularly relevant

RoZnik was born in 2006 in southern Slovenia. At the age of three, he started approaching
settlements and even wandered into the city park of Ljubljana, RoZnik, after which the bear was
named. In this park, the bear was captured, GPS-collared and relocated into the Dinaric forests
with the hope to avoid further problems with humans. After a few days, however, Roznik had
already returned to the vicinity of the capital and started to regularly approach neighbouring
villages, showing little fear but also no aggression.The bear crossed four times two main highways
and, despite his habituated behaviour, he caused little damage to human properties. That
summer, Roznik headed north and entered Austria, where he was poached soon after (more
details in Kaczensky et al., 2011) Bear photo: Frenk Kastelic.

In 2001, at the age of four, Jurka was translocated from Slovenia to Trentino (Italy), within the aim
of the reintroduction programme Life Ursus that saw ten bears being released in Trentino from
the neighbouring Slovenia between 1999 and 2002. In the summer of 2006, Jurka was GPS-
collared and intensively monitored after being responsi ble for many conflict situations, including
incursions into settlements and direct damages to human properties. Between 2005 and 2007,
indeed, Jurka was reported to have entered settlements at least 36 times and, in at least two
cases, the bear had been re ported trying to enter houses. In the same period, Jurka required 80
interventions by the bear emergency team, including at least 8 aversive conditioning actions with
rubber bullets. None of the efforts aimed at changing Jurka’s behaviour was effective, and the
bear had to eventually be removed and kept in captivity. She is currently hosted in a large
enclosure in the Black Forest, Germany (Groff C. et al. Rapporto orso 2007. Provincia Autonoma
di Trento). Photos: Claudio Groff.

Figure 1 Brief description of the story of two bold bears, ‘Roznik’ from Slovenia and ‘Jurka’ from the ltalian Alps, included in our study. Both
bears became popular in the national and international media and were at the centre of strong and long-lasting international debates on bear

management
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to bear management. In particular, we hypothesized that four
different behaviours would allow distinguishing bold from
control bears. Because bold bears should show behaviours
related to decreased fear of humans and their activities, we
expect that (1) they would move in proximity to human
infrastructures (e.g. settlements and roads) and use open
areas, where they are more visible to people, more often
than control bears. In addition to the lack of spatial avoid-
ance of human activities, we also expect (2) a lack of tem-
poral avoidance, with bold bears being more diurnal than
control bears. Additionally, we hypothesized that bold indi-
viduals take greater risks when moving, and would thus (3)
move at higher rates and (4) further than control individuals.
Indeed, higher values of travelled distance or/and speed, as
well as wider home ranges are behavioural traits typically
related to boldness in bears and other species (Delgado and
Penteriani, 2008; Hertel et al., 2019; Toms, Echevarria, and
Jouandot, 2010). Gaining a deeper understanding on how
bold bears move, especially with respect to human activities,
and assessing if and how their spatial behaviour and rhythms
of activity differ from their conspecifics is especially impor-
tant to provide novel information on bold individuals that
can serve as support to managers when identifying

= Brown bear GPS locations
European Digital Elevation Model (EU-DEM)
Il -27.4215

4787.1
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potentially problematic individuals and in evaluating the
most effective strategy to deal with them. Moreover, it also
represents a first necessary step towards a better understand-
ing of the origins and the development of this behaviour.
Indeed, identifying those behaviours that best characterize
bold individuals will allow us to further explore how bold
behaviour develops and whether it is inherited or learned by
individuals.

Materials and methods

Data collection

We used GPS locations collected between 2005 and 2018
from 52 bears that were GPS-collared in Slovenia and Tren-
tino (Italian Alps) (Fig. 2). Bears were captured using
Aldrich foot snares or by darting from a high-stand accord-
ing to standard protocols in Slovenia, and in culvert traps in
Italy. In both bear populations, individuals were fitted with
3-D GPS collars (see Jerina et al., 2012 for further details).
Because data were collected for various purposes, GPS col-
lars were set to record locations with different time lags,
ranging from 10 minutes to 2 hours. Collars were scheduled

Austria

Figure 2 Map of the study area (Slovenia and Trentino) and the GPS locations of the 47 brown bears included in the study
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to automatically drop off the animal at different times, and
the actual duration of monitoring varied due to failures of
the GPS or drop-off systems, as well as bear deaths. On
average, each bear was monitored for 329 days, resulting in
an average of 2941.6 locations per bear, and a total of
152963 locations for all bears. Because of the heterogeneity
in our data and the aim of the study, we performed addi-
tional data cleaning by removing those locations recorded
with a time interval greater than 4 hours, as well as those
days with fewer than five locations. After performing this
data cleaning procedure, 47 bears, that is 36 control and 11
bold bears (see Table 1 for detailed information on the GPS-
collared bears), and 140361 GPS locations remained for the
analyses. For each bear, the following information was
recorded when the bear was GPS-collared: (i) age, (ii) sex,
(iii) if female, the presence of cubs each year and (iv) bear
behaviour type (i.e. control or bold). Specifically, each bear
was previously classified as either control or bold by local
wildlife managers, with control bears being those individuals
that behave ‘normally’ (i.e. generally avoiding contact with
humans), whereas bold bears were those individuals that
were repeatedly seen by people in close proximity to or
inside human settlements (and typically captured in or very
close to settlements: see two examples in Fig. 1). Identifica-
tion of bold bears was made by the bear specialist group
within the local Wildlife Service personnel, sometimes called
‘bear emergency team’, which is responsible for bear man-
agement and for dealing with any kind of issues related to
bears in the area. Decisions on bear management actions are
taken by this group after careful evaluation of each situation.
Such group is made of qualified professionals that hold at
least a bachelor’s degree in biology, forestry or related fields
and have over 10 years of working experience with bears. In
Slovenia, these officers are employees of the Slovenian For-
est Service, whereas in Trentino (Italy) they are employees
of the Forest and Wildlife Service.

Table 1 Information on the 47 bears radio-collared across Slovenia
and Trentino (ltalian Alps) included in the final analyses aimed at
quantifying differences in spatial behaviour between control and
bold individuals

Total bears per

Adult  Adult category and
males females Subadults per country

Trentino (ltalian Alps)

Bold 0 4 2 5

Control 1 2 2 5

Slovenia

Bold 1 2 3 6

Control 13 1M 1 31

Total Bears 47%

“The number of total bears is different from the sum of the bears
of each category because some individuals changed category dur-
ing the study period (i.e. from subadult to adult) and were there-
fore included in both categories.
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Behaviours

To explore the behaviour of brown bears that were labelled
as bold and assess if and how it differed from that of control
bears, we selected eight movement parameters that were used
in previous behavioural studies which are considered to
reflect boldness and decreased fear of humans (e.g. Hertel
et al.,, 2019; Alejandra Zarzo-Arias et al., 2018), and then
analysed how these behaviours vary depending on the bear
type (i.e. bold or control), as well as other factors that might
be important in explaining variation in bear behaviour, such
sex and age of the bear, season and daytime, as well as
country and individual.

Distance to the nearest settlement, distance to
the nearest road and land cover type

We calculated the distance to the nearest settlement and the
nearest road for all bear locations using QGIS 3.6.0 soft-
ware. Layer of settlements was downloaded from https://la
nd.copernicus.eu and edited to obtain a final layer including
two classes: settlements and non-settlements (details on layer
editing in File S1). Layer of roads was downloaded from
https://mapcruzin.com/free-europe-arcgis-maps-shapefiles.htm
and edited to obtain a final layer including only those roads
that might affect bear movement. Specifically, we selected
only those categories of roads that are known to mainly
influence bear movement (i.e. motorways, trunk roads, pri-
mary, secondary and tertiary roads, service roads, residential
roads, link roads, bus guideways and raceways) (Bischof,
Steyaert, and Kindberg, 2017; Kaczensky et al., 2003;
Mohorovi¢, Krofel, and Jerina, 2017). We extracted land
cover type for all bear locations using the European Corine
Land Cover dataset (downloaded from https://land.copernic
us.eu), and these categories were reclassified into two macro-
categories of interest for the purpose of our study, that is
covered and open areas, based on the presence or absence of
vegetation cover, which is commonly used by bears as secu-
rity cover.

Mean daily speed, daily home range and
diurnality index

We calculated movement rate (i.e. speed), which is the distance
travelled by an individual taking into account the time taken to
reach that distance. Specifically, we calculated speed as step
length (i.e. distance between two successive locations) divided
by the time between consecutive locations. Because we had dif-
ferent time lags between locations, which might lead to an
underestimation of speed values at higher time intervals, we
corrected the estimated speed to remove this bias (more details
in File S2). We then averaged the corrected speed values per
day for each bear. The size of the daily home range (in km?)
was calculated for each bear using the minimum convex poly-
gon (MCP) method. Because we had small sample sizes for
some bears on given dates, we used 100% of the daily points to
extract the daily home range size. Finally, we calculated a diur-
nality index for each bear on each date, whose values ranged
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between —1 (night active) to +1 (day active). This index was
calculated following Lashley et al. (2018) and Hertel et al.
(2019), considering the variation in the duration of daylight
throughout the year:

SD _ SN

; P _DD DN
Diurnality index =35 SN
DD T DN

where SD and SN are the mean speed values during the day-
time and at night, respectively, whereas DD and DN are the
duration of the day and duration of the night on a given date
respectively.

Landscape parameters were extracted using QGIS 3.6.0.,
whereas speed and home range were extracted using R sta-
tistical software (R Foundation for Statistical Computing,
2018). Step lengths used to calculate speed were computed
using the adehabitatLT package and daily home ranges were
computed using the adehabitatHR package (Calenge, 2006).

Statistical analyses

We assessed if and how bold bears differ in their movement
behaviour from control individuals, by also taking into
account other factors, such as the sex and age of the bear,
season and time of the day, as well as country and individ-
ual identity. To this aim, we fitted a set of competitive mod-
els for each movement parameter (for a total of six sets of
models) including each movement parameter as the response
variable, and the following explanatory variables: (1) sex
(i.e. male or female); (2) age, reclassified into young (age
<4) and adult (age >4); (3) bear type (i.e. bold or control);
(4) season, reclassified into two main periods that are rele-
vant to bear ecology and behaviour, that is spring-early sum-
mer (from April to July) and late summer-autumn (from
August to November); (5) daytime, reclassified into day and
night and (6) country (i.e. Italy and Slovenia). The variable
daytime was not included as a predictor in those models
where the response variable was diurnality index, daily home
range and mean daily speed, because these variables were
calculated at the daily level. Bear identity was included as a
random factor in all models. Variance inflation factors (VIF)
were always <1.23 in all sets of models. LMMs were used
to model all movement variables except land cover, for
which GLMMs with logistic distribution (two-levels response
variable, where 0 = covered area and 1 = open area) were
used. Visual inspection of data was performed for all sets of
models to check for models’ assumptions and the presence
of outliers. Log-transformation to reach normality of residu-
als was necessary in those models including daily home
range and mean daily speed as response variable. After gen-
erating competitive LMMs (or GLMMs in the case of land
cover) including all possible combinations of explanatory
variables (from the null model to the full model), we
selected the best model or set of models based on their AICc
values and considered all models with AAICc <2 as equally
competitive. Model coefficients and confidence intervals (CI)
for each explanatory variable were computed using multi-
model averaging on the full set of models.

Bombieri et al.

To assess inter-individual variation in behaviours we esti-
mated, from each set of models (i.e. each behaviour), the
adjusted inter-individual repeatability (R). We used the rptR
package in R (Nakagawa and Schielzeth, 2010; Stoffel et al.,
2017) to calculate repeatability values (R), standard errors
(SE), 95% confidence intervals (CI) and statistical signifi-
cance of repeatability (P). Through this package, we also
estimated the coefficient of determination or marginal R* for
fixed effects (i.e. the variance explained by the fixed effects;
Nakagawa and Schielzeth, 2013).

All statistical analyses were run in R statistical software
(R Foundation for Statistical Computing, 2018). Generation
of the competitive models, model selection and multi-model
averaging were performed using the Ime4 (Bates et al.,
2015) and the MuMIn (K. Barton, 2013) packages.

Results

Our results showed clear differences in diurnality index and
use of open areas between bold and control bears. Specifi-
cally, according to our expectations, bold bears were consid-
erably more diurnal and used open areas more often than
control bears (Tables 2 and 3, Fig. 3). As for the other
movement parameters under study, although bold bears were
found closer to settlements and roads, and had larger daily
home ranges and speed values than control bears (Tables 2
and 3, Fig. 3, Fig. S3), our models suggest that these differ-
ences were not as pronounced. On the other hand, other fac-
tors, both internal and external, were found to be important
in explaining variation in bear movements (Tables 2 and 3).
Importantly, repeatability values (R) and visual inspection of
data highlighted significant inter-individual variation in all
behaviours (Table 4 and Fig. S4). Adjusted repeatabilities
ranged from 0.10 to 0.58, which means that from 10% to
58% of the variation in the movement parameters considered
is explained by inter-individual differences.

Diurnality index

The first (i.e. lowest AICc) and most parsimonious (i.e. least
number of predictors) model included age, bear type, season
and sex. The second one also included the country. Specifi-
cally, subadults, bold and female bears were considerably
more diurnal than adults, control and male bears respec-
tively. Moreover, bears were found to be more diurnal dur-
ing late summer-autumn (Table 2). Bears in Slovenia were
more nocturnal than in Italy, however, model coefficients
suggest that this difference was not pronounced. Inter-indi-
vidual differences were relatively high in this behaviour
(R = 0.3, Table 4 and Fig. S4).

Distance to settlements and roads

The first and most parsimonious model among the models
with AAICc <2 for distance to settlements included age,
daytime and season, whereas the one for distance to roads
included age, daytime and sex (Table 2). Both distance to
settlements and roads were found to considerably differ
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Table 2 Comparison of the competing models built to analyze variation in diurnality index, distance to settlements and distance to roads of
brown bears across Slovenia and Trentino (ltalian Alps)

ejg ;’L‘Z’EN T | coMPETING MODELS df AlCc | AAIcc | Alce weights
Age + bear type + season + sex 7 135166.9 0.38
DIURNALITY Age + country + bear type + season + sex 8 135168.7 1.84 _ 0.15
INDEX Explanatory variables Model averaged coefficients
B SE p Cl
Intercept -0.26 0.08 0.002 -0.27;0.13
Subadults 0.04 0.02 0.03 0.01; 0.07
Bold 0.23 0.09 0.01 0.05;0.41
Spring-early summer -0.06 0.01 <0.001 -0.06; -0.05
Males -0.17 0.08 0.03 -0.33;-0.02
R?=0.064 Slovenia -0.07 0.11 0.53 -0.28;0.14
Age + daytime + season 6 2132607 0.37
Age + country + daytime + season 7 2132608 1.86 0.15
DISTANCE TO | Age + daytime + season + sex 7 2132608 1.88 0.15
SETTLEMENTS | Age + daytime + bear type + season 7 2132608 1.92 0.14
; Explanatory variables Model averaged coefficients
i B SE p Cl
Intercept 2618.66 308.99 <0.001 | 2013.05; 3224.28
Subadults -800.96 47.92 <0.001 | -894.89;-707.03
Bold -110.91 469.17 0.81 -1030.48; 808.66
R Spring-early summer -110.70 7.37 <0.001 -125.16; -96.26
Males 126.25 396.84 0.75 -651.55; 904.05
Slovenia 160.91 489.10 0.74 -797.71; 1119.54
R?=0.033 Night -139.05 6.95 <0.001 | -152.68;-125.43
Age + daytime + sex 6 2143337 0.21
Age + daytime + season + sex 7 2143337 0.45 0.16
DISTANCE TO | Age + daytime + bear type + sex 7 2143338 1.00 0.12
ROADS Age + country + daytime + sex 7 2143338 1.21 0.11
Age + daytime + bear type + season + sex 8 2143338 1.44 0.10
Age + country + daytime + season + sex 8 2143338 1.67 0.09
Explanatory variables Model averaged coefficients
) B SE p cl
Intercept 2467.66 302.56 <0.001 | 1874.64;3060.68
Subadults -590.33 49.70 <0.001 | -687.73;-492.92
Bold -335.13 359.42 0.35 -1039.59; 369.32
Spring-early summer 9.60 7.70 0.21 -5.49; 24.68
Males 786.14 302.66 0.009 192.93; 1379.35
Slovenia 334.22 391.56 0.39 -433.22; 1101.66
R’=0.082 Night -143.67 7.25 <0.001 | -157.87;-129.46

Model selection was based on values of AlCc, AAICc and AlCc weights. Competitive models are ranked from the lowest to the highest AlCc
value and only the models with AAICc <2 are shown. Summary of the fitted parameters obtained from multi-model averaging on the full set of
models are also shown. Estimate (B), standard error (SE), p-value (p) and confidence interval (Cl) are shown for each explanatory variable.
Marginal R2 values (i.e. variance explained by fixed effects) for each set of models are also shown.
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Table 3 Comparison of the competing models built to analyze variation in the use of land cover, mean daily speed and daily home range of
brown bears across Slovenia and Trentino (ltalian Alps)

652%3?”- COMPETING MODELS df AlCc AAICc AlCc weights
Age + country + daytime + bear type + 6 61513.21 0.46
USE OF OPEN | s€ason
AREAS Age + country + daytime + season 7 61514.72 1.51 0.22
Age + country + daytime + bear type + 8 61514.74 1.54 0.21
season + sex
Explanatory variables Model averaged coefficients
B SE p Cl
Intercept -2.33 0.51 <0.001 -3.33;-1.34
Subadults 1.04 0.23 <0.001 0.58; 1.49
Bold 0.93 0.44 0.04 0.06; 1.80
Spring-early summer -0.16 0.02 <0.001 -0.20; -0.11
Males 0.27 0.46 0.55 -0.62;1.17
Slovenia -1.87 0.51 <0.001 -2.86;-0.88
R2=0.073 Night 0.85 0.02 <0.001 0.81; 0.89
Age + bear type + season + sex 7 137104.9 0.36
MEAN DAILY | Age + season + sex 6 137105.1 0.24 0.32
SPEED Age + country + season + sex 7 137106.5 1.59 0.16
Age + country + bear type + season + sex 8 137106.7 1.87 0.14
R Explanatory variables Model averaged coefficients
B SE p Cl
Intercept -1.35 0.08 <0.001 -1.50; -1.21
Subadults -0.27 0.02 <0.001 -0.32;-0.23
Bold 0.13 0.09 0.15 -0.05; 0.31
Spring-early summer 0.09 0.00 <0.001 0.08;0.10
Males 0.28 0.08 <0.001 0.12;0.43
R2=0.11 Slovenia -0.05 0.10 0.57 -0.26;0.14
Age + country + bear type + season + sex 8 221508.4 0.23
DAILY HOME | Age + bear type + season + sex 7 221508.5 0.03 0.22
RANGE Age + season + sex 6 221509.3 0.91 0.14
Bear type + season + sex 6 221509.9 1.48 0.11
\__ﬂ—-_ — Country + bear type + season + sex 7 221509.9 1.50 0.11
h — Explanatory variables Model averaged coefficients
B SE p Cl
Intercept 0.49 0.15 0.001 0.20; 0.79
Subadults -0.09 0.05 0.07 -0.19; 0.01
Bold 0.27 0.15 0.06 -0.02; 0.56
Spring-early summer 0.15 0.01 <0.001 0.14;0.16
Males 0.47 0.13 <0.001 0.22;0.71
R2=0.081 Slovenia 0.20 0.16 0.22 -0.12; 0.52

Model selection was based on values of AlCc, AAICc and AlCc weights. Competitive models are ranked from the lowest to the highest AlCc
value and only the models with AAICc <2 are shown. Summary of the fitted parameters obtained from multi-model averaging on the full set of
models are also shown. Estimate (), standard error (SE), p-value (p) and confidence interval (Cl) are shown for each explanatory variable.
Marginal R2 values (i.e. variance explained by fixed effects) for each set of models are also shown.
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between adults and subadults, with adult bears moving fur-
ther from them than subadults; and between day and night,
with bears moving closer to settlements and roads at night
and further during the day. Distance to settlements also dif-
fer across seasons, with bears moving closer in spring-early
summer than during late summer-autumn. Distance to roads
also differ between males and females, with males moving
further than females. Although bear type (i.e. control and
bold) was included in the best set of models for both move-
ment variables, differences between the two groups were not
remarkable, according to model coefficients. Sex and country
were also included in the best set of models for distance to

Animal Conservation ee (2021) ee—ee © 2021 The Zoological Society of London

settlements, but differences were not pronounced. The same
was found for season and country, which were included in
the best set of models for distance to roads (Table 3). Inter-
individual differences were high for both variables (R = 0.58
and 0.42, respectively, Table 4 and Fig. S4).

Use of open areas (i.e. land cover type)

The most parsimonious model (AAICc = 1.51) included age,
country, daytime and season. However, the first best model
also included bear type (Table 3). Specifically, bold bears
were found more often in open areas than control ones.
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Table 4 Inter-individual repeatability estimates (R), standard errors
(SE), confidence intervals (Cl) and P values of the spatial
parameters analyzed to study brown bear behaviour across
Slovenia and Trentino (Italian Alps)

Behaviour R SE 95% Cl P

Diurnality Index 0.30 0.05 0.21; 0.38 0.001
Distance to settlements 0.58 0.05 0.47; 0.67 0.001
Distance to roads 0.42 0.05 0.31; 0.51 0.001
Use of open areas 0.12 0.03 0.06; 0.18 0.001
Mean daily speed 0.25 0.04 0.17; 0.33 0.001
Daily home range 0.20 0.03 0.13; 0.26 0.001

Subadult bears were found in open areas more often than
adults, and bears in Slovenia were found in open areas less
often than in Italy. Bears were found in open areas more
often at night than during the day. Similarly, bears were
found in open areas more often during late summer-autumn.
Sex was also included in the best set of models; however,
differences between males and females were not remarkable,
according to model coefficients (Table 3). Inter-individual
repeatability for this variable is 0.12 (Table 4, Fig. S4).

Mean daily speed and daily home range

The most parsimonious model for mean daily speed
(AAICc = 0.24) included age, sex and season. The first
among the best models also included bear type, with bold
bears moving at higher rates. However, model coefficients
suggest that differences between the two groups were not
that pronounced (Table 3). Adult and male bears moved at
higher rates than subadults and females respectively. More-
over, bears generally moved faster and further during spring-
early summer. As for the daily home range, the first best
model included all variables. Specifically, bold, adults and
male bears had larger home ranges that control, subadults
and female bears. Bears had larger daily home ranges in
Slovenia and during spring-early summer. However, accord-
ing to model coefficients, differences between countries, ages
and bear types are not as strong as between seasons and
sexes (Table 3). Inter-individual repeatabilities are 0.25 for
mean daily speed and 0.2 for daily home range (Table 4,
Fig. S4).

Discussion

Telemetry data represent an extremely useful tool for explor-
ing and quantifying the spatial behaviour of wildlife and it
can be used to investigate behavioural differences between
individuals as well as groups of individuals. In this study,
we employed this technique with the aim of investigating
the spatial behaviour and rhythms of activity of bold brown
bears, and compare their behaviour with that of their control
conspecifics. Because several variables are known to affect
brown bear behaviour, we also considered other potentially
important factors as well as bear individual identity in our
analyses. We found that bold bears showed consistent differ-
ences in rhythms of activity and use of open areas from
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control individuals and, in general, displayed behaviours
related to higher levels of boldness and/or reduced avoidance
of human activities. Specifically, bold bears were more diur-
nal and were found in open areas more often than control
bears. However, differences between the two groups in other
movement behaviours such as distance to settlements, dis-
tance to roads, mean daily speed and daily home range were
not as marked as for diurnality and use of open areas.
Indeed, although visual inspection of raw data seems to
show clear differences between the two groups (e.g. Fig. 3
and Fig. S3), our models, which also take into account other
variables and bear identities, indicate that these differences
might be the result of extreme behaviours by some individu-
als of the two groups, as also highlighted in Fig. S4, where
variation in each variable is plotted for each individual. In
general, our findings are in line with those of previous stud-
ies that have investigated personalities and responses to
human activities both in brown bears (Hertel et al., 2019)
and other wildlife species (e.g. Ciuti et al., 2012; Found and
St. Clair, 2016; Bonnot et al., 2018). Indeed, the existing lit-
erature exploring wildlife personalities suggests that individ-
ual boldness scores are based on sets of behavioural metrics
associated with increased exploration of the environment and
acceptance of predation/hunting risk (Found and St. Clair,
2016). For instance Bonnot et al. (2018) found that bold
female roe deer Capreolus capreolus exploited open habitats
more often, whereas shy ones preferred woodlands. Similar
results were obtained for elk Cervus elaphus, with bolder
individuals moving faster and using open habitats more often
than shy ones (Ciuti et al., 2012). Despite the different
approaches adopted in our study, a similar pattern is revealed
by our results.

Despite some differences between bold and control bears
were found, it is extremely important to note that the beha-
viour of the GPS-collared bears under study was complex
and influenced by many factors. Indeed, we found that both
internal and external factors were important in determining
behavioural variation. In particular, sex, age, season and day-
time were the variables that most influenced bear behaviours
and, most importantly, bear identity was found to be one of
the most important factors. This is a clear reflection of beha-
viour complexity, which is influenced by many external and
internal factors and implies high intra- and inter-individual
variability (Hertel, Swenson, and Bischof, 2017; Leclerc
et al., 2016). Our results thus support that found in the exist-
ing literature, which suggests that several factors contribute
in defining spatial behaviour and avoidance of human activi-
ties, such as the sex and age of the individual, as well as
factors related to the environment, season and presence of
conspecifics (Hertel et al., 2019). For instance subadults and
female bears with cubs are known to use areas close to
human infrastructures as refuges to avoid adult males (EIf-
strom et al., 2014; Barton et al., 2019), which was also con-
firmed by our study. Similarly, bears have been found to
temporarily adopt bold behaviours, for example approaching
settlements, when the availability of natural food is scarce,
especially during the hyperphagia period, when they need to
gather the necessary food resources before hibernating
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(Elfstrom et al., 2014; Herrero, 2018), or in years with poor
natural food availability (Baruch-Mordo et al., 2014). In our
case, however, bears seemed to be approaching settlements
more often during spring-early summer, rather than during
the hyperphagia period.

Our results are also a clear confirmation of that highlighted
in numerous studies on personality and behavioural syndromes
(e.g. Réale et al., 2007; Wilson et al., 1994). That is, rather
than being a dichotomy where a bear can be either bold or
‘normal/shy’, bold behaviour is more of a gradient, where a
bear can show different degrees of boldness and tolerance
towards humans. This supports the idea, already suggested in
some technical reports and management-related documents
(e.g. LCIE, 2019; Maji¢ Skrbinsek and Krofel, 2015), that
wildlife management should take this gradient into account, as
well as individual differences, and implement different man-
agement actions for different degrees of boldness and conflict.

Analysis of bold wildlife from an ethological perspective
is thus important because understanding how bold individu-
als move, particularly with respect to human activities, and
what behavioural attributes they have in common to one
another may allow for quicker identification of individuals
that might become problematic, and can help in choosing the
most effective solutions to deal with these individuals and to
possibly prevent the development of conflictual behaviours.
The effectiveness of non-lethal actions, such as aversive con-
ditioning, indeed, is likely to depend on the level of bold-
ness of the individual (Mazur, 2010) and, therefore, being
able to identify bold individuals early on can improve the
success of such actions. Moreover, where regular hunting is
used to control large carnivore populations, knowing where
and when bold individuals are more likely to be found (i.e.
in open areas and during daylight hours) could help concen-
trate hunting efforts so as to increase the chances of target-
ing individuals that are more likely to be problematic, thus
promoting selective removal and inducing long-term beha-
vioural changes in the population (Cromsigt et al., 2013;
Ordiz, Bischof, and Swenson, 2013). Finally, ethological
assessment of individuals is extremely important when plan-
ning the reintroduction of individuals from one population to
areas where the species has partially or completely disap-
peared. This is the case for Slovenia, which has served in
past years as the source of brown bears that were reintro-
duced into both Trentino (Italy) and the Pyrenees (France)
(Clark et al., 2002). In release areas, people are often no
longer used to sharing the landscape with large carnivores
and, thus, reintroduction actions are particularly delicate.
Introducing bold individuals into a new area could certainly
cause serious problems, leading to increased conflicts with
local communities and eventually undermining long-term
reintroduction success. Because of this, careful monitoring
and behavioural evaluation aimed at selecting the most suit-
able individual/s to be reintroduced are crucial for avoiding
the introduction of animals that are prone to conflicts (Mer-
rick and Koprowski, 2017). Specifically, based on our
results, individuals that show movement behaviours and
rhythms of activities associated with decreased avoidance of
human activities should be excluded from these actions.
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We suggest that a more thorough analysis of bold behaviour
would require more detailed and long-term information on the
behaviour of individual bears as well as their pedigree (Honda
et al., 2018). Long-term monitoring would allow assessing
whether individuals are born bold (i.e. bold behaviour is inher-
ited), they develop this behaviour through learning (from their
mother or through habituation to people), or it is the result of a
combination of both components. Pedigree analysis could fur-
ther allow exploring the origin of this behaviour and analysing
the role of genetics in its development (i.e. do bold bears pro-
duce bold offspring?). Larger datasets including long-term
telemetry data of several individuals of different ages and sexes
could also allow making robust comparisons between bold and
control bears separately for each bear class and exploring tem-
poral variations in the behaviour of individual bears. For habit-
vated or food-conditioned individuals, long-term movement
data and analysis of temporal variation in their behaviour can
be especially helpful to understand the specific causes that led
to this behaviour and the role of human behaviour in the habit-
uation/conditioning process. Our study is thus a first beha-
vioural assessment that may serve as a background and starting
point to develop further studies aimed at deepening our knowl-
edge on bold behaviour, its origins and development.

To conclude, our study provides a first important step
towards understanding the behaviour of bold bears. Our
approach, which can be applied to other species that present
the same problem of habituation and tolerance, shows that
GPS telemetry techniques represent an important source of
information which can help to better study behaviour of poten-
tially problematic wildlife by analysing their spatial behaviour.
We also highlight that long-term monitoring of bold bears and
the continuous exchange of knowledge between researchers
and managers is crucial for providing more detailed evidence-
based information and recommendations for better identifica-
tion and management of these individuals.

Authors’ contributions

KJ conceived the idea. KJ and GB designed the working
hypotheses and methodology, with the help of VP and
MMD; KJ, CG and LP collected the data; GB and KJ anal-
ysed the data with the help of VP and MMD; GB led the
writing of the paper. All authors contributed critically to the
drafts and gave final approval for publication. The authors
declare no conflict of interest.

Acknowledgements

We thank all the collaborators that have helped with data
collection in Slovenia and Trentino-Italy (personnel of the
Forest and Wildlife Department of the Provincia Autonoma
di Trento). We also thank Alaaeldin Soultan for providing
the edited shapefile layers of settlements and roads used for
landscape analyses. GB was financially supported by a col-
laboration contract with the MUSE — Museo delle Scienze of
Trento (Italy). VP was financially supported by (a) the
Excellence Project CGL2017-82782-P financed by the Span-
ish Ministry of Science, Innovation and Universities, the

1



Understanding behaviour of bold brown bears

Agencia Estatal de Investigacion (AEI) and the Fondo Eur-
opeo de Desarrollo Regional (FEDER, EU), and (b) a GRU-
PIN research grant from the Regional Government of
Asturias (Ref.: IDI/2018/000151). MMD was financially sup-
ported by the Spanish Ramon y Cajal grant RYC-2014-
16263, and KJ by Slovenian Research Agency.

References

Bartor, K. (2013). Model selection and model averaging based
on information criteria (AICc and alike). Compr. R Arch.
Netw. 1, 13.

Barton, K.A., Zwijacz-Kozica, T., Zigba, F., Sergiel, A. &
Selva, N. (2019). Bears without borders: Long-distance
movement in human-dominated landscapes. Glob. Ecol.
Conserv. 17, 1-8.

Baruch-Mordo, S., Wilson, K.R., Lewis, D.L., Broderick, J.,
Mao, J.S. & Breck, S.W. (2014). Stochasticity in natural
forage production affects use of urban areas by black bears:
Implications to management of human-bear conflicts. PLoS
One 9, 1-10.

Bates, D., Maechler, M., Bolker, B. & Walker, S. (2015).
Fitting linear mixed-effects models using Ime4. J. Stat.
Softw. 67, 1-48.

Bautista, C., Naves, J., Revilla, E., Fernandez, N., Albrecht,
J., Scharf, A.K., Rigg, R., Karamanlidis, A.A., Jerina, K.,
Huber, D., Palazon, S., Kont, R., Ciucci, P., Groff, C.,
Dutsov, A., Seijas, J., Quenette, P.I., Olszariska, A.,
Shkvyria, M., Adamec, M., Ozolins, J., Jonozovi¢, M. &
Selva, N. (2017). Patterns and correlates of claims for
brown bear damage on a continental scale. J. Appl. Ecol.
54, 282-292.

Bischof, R., Steyaert, S.M.J.G. & Kindberg, J. (2017). Caught
in the mesh: roads and their network-scale impediment to
animal movement. Ecography (Cop.) 40, 1369-1380.

Bombieri, G., Naves, J., Penteriani, V., Selva, N., Fernandez-
Gil, A., Lopez-Bao, J.V., Ambarli, H., Bautista, C.,
Bespalova, T., Bobrov, V., Bolshakov, V., Bondarchuk, S.,
Camarra, J.J., Chiriac, S., Ciucci, P., Dutsov, A., Dykyy, 1.,
Fedriani, J.M., Garcia-Rodriguez, A., Garrote, P.J., Gashev,
S., Groff, C., Gutleb, B., Haring, M., Hérkonen, S., Huber,
D., Kaboli, M., Kalinkin, Y., Karamanlidis, A.A., Karpin,
V., Kastrikin, V., Khlyap, L., Khoetsky, P., Kojola, I.,
Kozlow, Y., Korolev, A., Korytin, N., Kozsheechkin, V.,
Krofel, M., Kurhinen, J., Kuznetsova, 1., Larin, E., Levykh,
A., Mamontov, V., Minnil, P., Melovski, D., Mertzanis, Y.,
Meydus, A., Mohammadi, A., Norberg, H., Palazon, S.,
Patra cu, L.M., Pavlova, K., Pedrini, P., Quenette, P.Y.,
Revilla, E., Rigg, R., Rozhkov, Y., Russo, L.F., Rykov, A.,
Saburova, L., Sahlén, V., Saveljev, A.P., Seryodkin, L.V.,
Shelekhov, A., Shishikin, A., Shkvyria, M., Sidorovich, V.,
Sopin, V., Stgen, O., Stofik, J., Swenson, J.E., Tirski, D.,
Vasin, A., Wabakken, P., Yarushina, L., Zwijacz-Kozica, T.
& Delgado, M.M. (2019). Brown bear attacks on humans: a
worldwide perspective. Sci. Rep. 9, 8573.

12

Bombieri et al.

Bonnot, N.C., Goulard, M., Hewison, A.J.M., Cargnelutti, B.,
Lourtet, B., Chaval, Y. & Morellet, N. (2018). Boldness-
mediated habitat use tactics and reproductive success in a
wild large herbivore. Anim. Behav. 145, 107-115.

Breck, S.W., Poessel, S.A., Mahoney, P. & Young, J.K.
(2019). The intrepid urban coyote: a comparison of bold
and exploratory behavior in coyotes from urban and rural
environments. Sci. Rep. 9, 1-11.

Cahill, S., Llimona, F., Cabafieros, L. & Calomardo, F. (2012).
Characteristics of wild boar (Sus scrofa) habituation to urban
areas in the collserola natural park (Barcelona) and comparison
with other locations. Anim. Biodivers. Conserv. 35, 221-233.

Calenge, C. (2006). The package “adehabitat” for the R
software: A tool for the analysis of space and habitat use by
animals. Ecol. Modell. 197, 516-519.

Chakraborty, K. & Mondal, J. (2013). Perceptions and patterns
of human-elephant conflict at Barjora block of Bankura
district in West Bengal, India: Insights for mitigation and
management. Environ. Dev. Sustain. 15, 547-565.

Chapman, B.B., Hulthén, K., Blomqgvist, D.R., Hansson, L.A.,
Nilsson, J.A., Brodersen, J., Anders Nilsson, P., Skov, C. &
Bronmark, C. (2011). To boldly go: Individual differences
in boldness influence migratory tendency. Ecol. Lett. 14,
871-876.

Chapron, G., Kaczensky, P., Linnell, J.D.C., von Arx, M.,
Huber, D., Andren, H., Lopez-Bao, J.V., Adamec, M.,
Alvares, F., Anders, O., BalCiauskas, L., Balys, V., Bedd,
P., Bego, F., Blanco, J.C., Breitenmoser, U., Brgseth, H.,
Bufka, L., Bunikyte, R., Ciucci, P., Dutsov, A., Engleder,
T., Fuxjager, C., Groff, C., Holmala, K., Hoxha, B.,
Tliopoulos, Y., Ionescu, O., Jeremic, J., Jerina, K., Kluth, G.,
Knauer, F., Kojola, 1., Kos, 1., Krofel, M., Kubala, J.,
Kunovac, S., Kusak, J., Kutal, M., Liberg, O., Maji¢, A.,
Minnil, P., Manz, R., Marboutin, E., Marucco, F., Melovski,
D., Mersini, K., Mertzanis, Y., Mystajek, R.-W., Nowak, S.,
Odden, J., Ozolins, J., Palomero, G., Paunovié, M., Persson,
J., Potocnik, H., Quenette, P.-Y., Rauer, G., Reinhardt, 1.,
Rigg, R., Ryser, A., Salvatori, V., Skrbinsek, T., Stojanov,
A., Swenson, J.E., Szemethy, L., Trajce, A., Tsingarska-
Sedefcheva, E., Vana, M., Veeroja, R., Wabakken, P.,
Wolfl, M., Wolfl, S., Zimmermann, F., Zlatanova, D. &
Boitani, L. (2014). Recovery of large carnivores in Europe’s
modern human-dominated landscapes. Science (80-) 346,
1517-1519.

Ciuti, S., Muhly, T.B., Paton, D.G., McDevitt, A.D., Musiani, M. &
Boyce, M.S. (2012). Human selection of elk behavioural traits in
a landscape of fear. Proc. R. Soc. B Biol. Sci. 279, 4407-4416.

Clark, J.D., Huber, D. & Servheen, C. (2002). Bear
Reintroductions: Lessons and Challenges. Ursus.

Conover, M.R. (2002). Resolving Human-Wildlife Conflicts:
The Science of Wildlife Damage Management. New York,
NY: Lewis Publishers.

Cromsigt, J.P.G.M., Kuijper, D.P.J., Adam, M., Beschta, R.L.,
Churski, M., Eycott, A., Kerley, G.I.H., Mysterud, A.,
Schmidt, K. & West, K. (2013). Hunting for fear:

Animal Conservation ee (2021) ee—ee © 2021 The Zoological Society of London



Bombieri et al.

Innovating management of human-wildlife conflicts. J. Appl.
Ecol. 50, 544-549.

Delgado, M.M. & Penteriani, V. (2008). Behavioral states help
translate dispersal movements into spatial distribution
patterns of floaters. Am. Nat. 172, 475-485.

Elfstrom, M., Zedrosser, A., Stgen, O.G. & Swenson, J.E.
(2014). Ultimate and proximate mechanisms underlying the
occurrence of bears close to human settlements: Review and
management implications. Mamm. Rev. 44, 5-18.

Found, R. & St. Clair, C. (2016). Behavioural syndromes predict
loss of migration in wild elk. Anim. Behav. 115, 35-46.

Found, R. & St. Clair, C.C. (2018). Personality influences
wildlife responses to aversive conditioning. J. Wildl.
Manage. 82, 747-755.

Gaynor, K.M., Hojnowski, C.E., Carter, N.H. & Brashares,
J.S. (2018). The influence of human disturbance on wildlife
nocturnality. Science 360, 1232-1235.

Geist, V. (2011). Wildlife habituation: advances in under-
standing and management application. Human-Wildlife
Interact. 5, 9-12.

Gillin, C.M., Hammond, F.M. & Peterson, C.M. (1995).
Aversive conditioning of Grizzly Bears. Can bears be taught
to stay out of trouble? Yellowstone Sci. Winter 3, 1-7.

Goldman, M.J., De Pinho, J.R. & Perry, J. (2013). Beyond
ritual and economics: Maasai lion hunting and conservation
politics. Oryx 47, 490-500.

Haroldson, M.A., Clapham, M., Costello, C.C., Gunther, K.A.,
Kendall, K.C., Miller, S.D., Pigeon, K.E., Proctor, M.F.,
Rode, K.D., Servheen, C., Stenhouse, G.B. & van Manen,
F.T. (2020). Brown Bear (North America). In Bears of the
World: Ecology, Conservation and Management. Penteriani,
V. & Melletti, M. (Eds). Cambridge, UK: Cambridge
University Press.

Herrero, S. (2018). Bear attacks: their causes and avoidance,
3rd edn. New York, NY: Lyons & Burford.

Hertel, A.G., Leclerc, M., Warren, D., Pelletier, F., Zedrosser,
A. & Mueller, T. (2019). Don’t poke the bear: using
tracking data to quantify behavioural syndromes in elusive
wildlife. Anim. Behav. 147, 91-104.

Hertel, A.G., Swenson, J.E. & Bischof, R. (2017). A case for
considering individual variation in diel activity patterns.
Behav. Ecol. 28, 1524-1531.

Honda, T. & lijima, H. (2016). Managing boldness of wildlife:
an ethological approach to reducing crop damage. Popul.
Ecol. 58, 385-393.

Honda, T., lijima, H., Tsuboi, J. & Uchida, K. (2018). A
review of urban wildlife management from the animal
personality perspective: The case of urban deer. Sci. Total
Environ. 644, 576-582.

Jerina, K., Krofel, M., Stergar, M. & Videmsek, U. (2012).
Factors Affecting Brown Bear Habituation To Humans: a
GPS Telemetry Study.

Johansson, M., Ferreira, I.A., Stgen, O.G., Frank, J. & Flykt, A.
(2016). Targeting human fear of large carnivores — Many
ideas but few known effects. Biol. Conserv. 201, 261-269.

Animal Conservation ee (2021) ee—ee © 2021 The Zoological Society of London

Understanding behaviour of bold brown bears

Kaczensky, P., Jerina, K., Jonozovi¢, M., Krofel, M.,
Skrbinsek, T., Rauer, G., Kos, I. & Gutleb, B. (2011).
Illegal killings may hamper brown bear recovery in the
Eastern Alps. Ursus 22, 37-46.

Kaczensky, P., Knauer, F., Krze, B., Jonozovic, M., Adamic,
M. & Gossow, H. (2003). The impact of high speed, high
volume traffic axes on brown bears in Slovenia. Biol.
Conserv. 111, 191-204.

Kays, R., Crofoot, M.C., Jetz, W. & Wikelski, M. (2015).
Terrestrial animal tracking as an eye on life and planet.
Science (80-.), 348, aaa2478.

Krofel, M., Elfstrom, M., Ambarli, H., Bombieri, G.,
Gonzalez-Bernardo, E., Jerina, K., Laguna, A., Penteriani,
V., Phillips, J.P., Selva, N., Wilson, S.M., Zarzo-Arias, A.,
Groff, C., Huber, D., Karamanlidis, A.A., Mertzanis, G.,
Revilla, E. & Bautista, C. (2020). Human-bear conflicts at
the beginning of the XXI century: Patterns, determinants
and mitigation measures. In Bears of the World: Ecology,
Conservation and Management. Penteriani, V. & Melletti,
M. (Eds). Cambridge, UK: Cambridge University Press.

Kudrenko, S., Ordiz, A., Barysheva, S.L., Baskin, L. &
Swenson, J.E. (2020). Human injuries and fatalities caused
by brown bears in Russia, 1932-2017. Wildlife Biology
2020(1), 1932-2017.

Kuijper, D.P.J., Sahlén, E., Elmhagen, B., Chamaillé-Jammes,
S., Sand, H., Lone, K. & Cromsigt, J.P.G.M. (2016). Paws
without claws? Ecological effects of large carnivores in
anthropogenic landscapes. Proc. R. Soc. B Biol. Sci. 283
(1841), 20161625.

Lashley, M.A., Cove, M.V., Chitwood, M.C., Penido, G.,
Gardner, B., Deperno, C.S. & Moorman, C.E. (2018).
Estimating wildlife activity curves: Comparison of methods
and sample size. Sci. Rep. 8, 1-11.

LCIE. (2019). Management of bold wolves. Policy Support
Statements of the Large Carnivore Initiative for Europe
(LCIE) 1-5.

Leclerc, M., Vander Wal, E., Zedrosser, A., Swenson, J.E.,
Kindberg, J. & Pelletier, F. (2016). Quantifying consistent
individual differences in habitat selection. Oecologia 180,
697-705.

Linnell, J.D.C., Odden, J., Smith, M.E., Aanes, R., Swenson,
J.E., Ronn, A. & Swen, J.E. (2008). Carnivores and
Predation Large carnivores that kill livestock : do " problem
individuals " really exist ? Society 27, 698-705.

Loe, J. & Roskaft, E. (2004). Large carnivores and human
safety: a review. AMBIO A J. Hum. Environ. 33, 283-288.

Lowry, H., Lill, A. & Wong, B.B.M. (2013). Behavioural
responses of wildlife to urban environments. Biol. Rev. 88,
537-549.

Maji¢ Skrbinsek, A. & Krofel, M. (2015). Defining,
preventing, and reacting to problem bear behaviour in
Europe. Bericht zuhanden von DG Environ. Eur.
Kommission.

Mazur, R.L. (2010). Does aversive conditioning reduce
Human-Black Bear conflict? J. Wildl. Manage. 74, 48-54.

13



Understanding behaviour of bold brown bears

Merrick, M.J. & Koprowski, J.L. (2017). Should we consider
individual behavior differences in applied wildlife
conservation studies? Biol. Conserv. 209, 34-44.

Miranda, A.C., Schielzeth, H., Sonntag, T. & Partecke, J.
(2013). Urbanization and its effects on personality traits: A
result of microevolution or phenotypic plasticity? Glob.
Chang. Biol. 19, 2634-2644.

Mohorovi¢, M., Krofel, M. & Jerina, K. (2017). Review
of Brown bear (Ursus arctos) habitat selection in relation to
anthropogenic disturbances. Acta Silvae Ligni 113,

15-28.

Morales-Gonzalez, A., Ruiz-Villar, H., Ordiz, A. & Penteriani,
V. (2020). Large carnivores living alongside humans:
Brown bears in human-modified landscapes. Global Ecology
and Conservation 22, 1-13.

Nakagawa, S. & Schielzeth, H. (2010). Repeatability for
Gaussian and non-Gaussian data: a practical guide for
biologists. Biol. Rev. Camb. Philos. Soc. 85, 935-956.

Nakagawa, S. & Schielzeth, H. (2013). A general and simple
method for obtaining R2 from generalized linear mixed-
effects models. Methods Ecol. Evol. 4, 133-142.

Neff, C. & Hueter, R. (2013). Science, policy, and the public
discourse of shark “attack”: A proposal for reclassifying
human-shark interactions. J. Environ. Stud. Sci. 3, 65-73.

Ordiz, A., Bischof, R. & Swenson, J.E. (2013). Saving large
carnivores, but losing the apex predator? Biol. Conserv.
168, 128-133.

Ordiz, A., Kindberg, J., Sebg, S., Swenson, J.E. & Stgen,
0.G. (2014). Brown bear circadian behavior reveals human
environmental encroachment. Biol. Conserv. 173, 1-9.

Penteriani, V., del Mar Delgado M., Pinchera, F., Naves, J.,
Fernandez-Gil, A., Kojola, 1., Hirkonen, S., Norberg, H.,
Frank, J., Fedriani, JM. & Sahlén, V. (2016). Human
behaviour can trigger large carnivore attacks in developed
countries. Sci. Rep. 6, 20552.

Penteriani, V., Delgado, M.D.M., Krofel, M., Jerina, K.,
Ordiz, A., Dalerum, F., Zarzo-Arias, A. & Bombieri, G.
(2018). Evolutionary and ecological traps for brown bears
Ursus arctos in human-modified landscapes. Mamm. Rev.
48, 180-193.

Plowright, R.K., Foley, P., Field, H.E., Dobson, A.P., Foley,
J.E., Eby, P. & Daszak, P. (2011). Urban habituation,
ecological connectivity and epidemic dampening: The
emergence of hendra virus from flying foxes (Pteropus
spp.). Proc. R. Soc. B Biol. Sci. 278, 3703-3712.

R Foundation for Statistical Computing. (2018). R: A
Language and Environment for Statistical Computing.
Vienna, Austria.

Rauer, G., Kaczensky, P., Knauer, F., Rauer, G., Kaczensky,
P. & Knauer, F. (2018). Experiences with Aversive
Conditioning of Habituated Brown Bears in Austria and
Other European Countries. Published by International
Association for Bear Research and Management Stable
URL: https://www.jstor.org/stable/3873021. Experiences with
aversive 14, 215-224.

14

Bombieri et al.

Réale, D., Reader, S.M., Sol, D., McDougall, P.T. &
Dingemanse, N.J. (2007). Integrating animal temperament
within ecology and evolution. Biol. Rev. 82, 291-318.

Seryodkin, I.V., Kostyria, A.V., Goodrich, J.M. & Miquelle,
D.G. (2013). Daily activity patterns of brown bear (Ursus
arctos) of the Sikhote-Alin mountain range (Primorskiy
Krai, Russia). Russ. J. Ecol. 44, 50-55.

Shivik, J.A., Treves, A. & Callahan, P. (2003). Nonlethal
techniques for managing predation: primary and secondary
repellents. Conserv Biol 17, 1531-1537.

Sih, A., Bell, A.M., Johnson, J.C. & Ziemba, R.E. (2004).
Behavioral syndromes: an integrative overview. Q. Rev.
Biol. 79, 241-2717.

Sinclair, A.R.E., Fryxell, JM. & Caughley, G. (2006).
Wildlife Ecology, Conservation and Management.
Biodiversity. Vol. 16. Blackwell Publishing.

Smith, T.S. & Herrero, S. (2018). Human-bear conflict in
Alaska: 1880-2015. Wildl. Soc. Bull. 42, 254-263.

Spiegel, O., Leu, S.T., Bull, C.M. & Sih, A. (2017). What’s
your move? Movement as a link between personality and
spatial dynamics in animal populations. Ecol. Lett. 20,
3-18.

Stgen, O.G., Ordiz, A., Sahlén, V., Ammemo, J.M., Saebo, S.,
Mattsing, G., Kristofferson, M., Brunberg, S., Kindberg, J.
& Swenson, J.E. (2018). Brown bear (Ursus arctos) attacks
resulting in human casualties in Scandinavia 1977-2016;
management implications and recommendations. PLoS One
13, 1977-2016.

Stoffel, M.A., Nakagawa, S. & Schielzeth, H. (2017). rptR:
repeatability estimation and variance decomposition by
generalized linear mixed-effects models. Methods Ecol.
Evol. 8, 1639-1644.

Swan, G.J.F., Redpath, S.M., Bearhop, S. & McDonald, R.A.
(2017). Ecology of problem individuals and the efficacy of
selective wildlife management. Trends Ecol. Evol. 32,
518-530.

Swenson, J.E., Ambarli, H., Arnemo, J.M., Baskin, L., Ciucci,
P., Danilov, P.I., Delibes, M., Elfstrom, M., Evans, A.L.,
Groff, C., Hertel, A., Huber, D., Jerina, K., Karamanlidis,
A.A., Kindberg, J., Kojola, 1., Krofel, M., Kusak, J., Mano, T.,
Melletti, M., Mertzanis, G., Ordiz, A., Palazon, S.,
Parchizadeh, J., Penteriani, V., Quenette, P.-Y., Sergiel, A.,
Selva, N., Seryodkin, I., Skuban, M., Steyaert, S.M.J.G.,
Stgen, O.-G., Tirronen, K.F. & Zedrosser, A. (2020). Brown
bear (Ursus arctos Linnaeus, 1758; Eurasia). In Bears of the
World: Ecology, Conservation and Management. Penteriani,
V. & Melletti, M. (Eds.). Cambridge, UK: Cambridge
University Press.

Toms, C.N., Echevarria, D.J. & Jouandot, D.J. (2010). A
methodological review of personality-related studies in fish:
focus on the shy-bold axis of behavior. Int. J. Comp.
Psychol. ISCP 23, 1-25.

Tuomainen, U. & Candolin, U. (2011). Behavioural responses
to human-induced environmental change. Biol. Rev. 86,
640-657.

Animal Conservation ee (2021) ee—ee © 2021 The Zoological Society of London


https://www.jstor.org/stable/3873021

Bombieri et al.

van Eeden, L.M., Crowther, M.S., Dickman, C.R., Macdonald,
D.W., Ripple, W.J., Ritchie, E.G. & Newsome, T.M.
(2018). Managing conflict between large carnivores and
livestock. Conserv. Biol. 32, 26-34.

Wilson, D.S., Clark, A.B., Coleman, K. & Dearstyne, T.
(1994). Shyness and boldness in humans and other animals.
Trends Ecol. Evol. 9, 442-446.

Zarzo-Arias, A., del Mar Delgado M., Ordiz, A.,

Garcia Diaz, J., Cafiedo, D., Gonzélez, M.A., Romo, C.,
Vazquez Garcia, P., Bombieri, G., Bettega, C.,

Russo, L.F., Cabral, P., Garcia Gonzalez, R., Martinez-
Padilla, J. & Penteriani, V. (2018). Brown bear behaviour in
human-modified landscapes: the case of the endangered
Cantabrian population. NW Spain. Glob. Ecol. Conserv. 16,
e00499.

Zarzo-Arias, A., Delgado, M.M., Palazon, S., Afonso Jordana,
I., Bombieri, G., Gonzéalez-Bernardo, E., Ordiz, A., Bettega,
C., Garcia-Gonzilez, R. & Penteriani, V. (2020).
Seasonality, local resources and environmental factors
influence patterns of brown bear damages: implications for
management. J. Zool 313, 1-17.

Animal Conservation ee (2021) ee—ee © 2021 The Zoological Society of London

Understanding behaviour of bold brown bears

Supporting information

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

File S1. Detailed procedure followed to obtain the final
QGIS layers of settlements used to extract landscape vari-
ables of brown bears across Slovenia and Trentino (Italian
Alps).

File S2. Detailed procedure followed to correct mean daily
speed values calculated for each brown bear across Slovenia
and Trentino (Italian Alps).

Fig. S3. Differences between bold and control bears in the
movement parameters considered in our study, from above-
left: diurnality index, use of open areas, distance to the near-
est road, distance to the nearest human settlement, mean
daily speed and daily home range.

Fig. S4. Graphs showing inter-individual differences in the
movement parameters under study. Plots in blue represent
control individuals, those in red bold individuals. Individual
bear IDs are shown on the x-axis.
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Supplementary File 1.
Preparation of settlement layer for the entire study area
Introduction

Human settlements may, directly and indirectly, affect bear activity, displacements and habitat use
(Elfstrom et al., 2014; Morales-Gonzalez et al., 2020). Several vector and raster maps are available for
settlements in the countries included in the study, however, none covers the entire study area. In
addition, available maps are based on different definitions of settlement, and this could cause
undesired inter-country differences in the estimated patterns of settlement impacts on bears (e.g.,
Ghoddousi, 2010). Moreover, some maps also include elements that are not relevant to bear
movements and, thus, to the purpose of our study. To address this issue, we created a single 100x100

meter raster map for the entire study area by applying a single methodology.
Data and methods

As a baseline layer, we used the European Settlement Map (v. 2016; https://land.copernicus.eu —

hereinafter ESM), which contains true representations of all urbanized areas (i.e., settlements) but
also includes elements that are not relevant to bear movements and, therefore, to the scope of our
study. Indeed, since the ESM is made based on remote sense data without full terrestrial validation,
and because it has a relatively high resolution (grid size is 1 ha), it may show elements that we would
like to exclude from our analyses, such as dispersed houses and isolated parking lots, as well as
elements that we prefer to analyse separately, such as wide roads. On the other hand, the map covers
the entire Europe, which is a strong advantage as it facilitates large-scale, cross-national studies that
are becoming increasingly frequent and important, especially for species with large individual and

population ranges such as large carnivores, brown bear included (e.g. Chapron et al., 2014).

In the ESM, every pixel on the map is assigned a continuous value ranging from 0 to 1, which provides
information on the proportion of urbanized areas for a specific pixel. To transform the ESM into a new
settlement map including only those settlements that are relevant to our purposes, we used the
vector map of Slovenian settlements from 2007 (described in Jerina, 2010). This map, which is based
on terrestrial survey, considers settlements as being continuous clusters of houses (with maximum
distance among houses being 100 meters) with a total area of at least a hectare (Jerina, 2010). Out of
several tested maps for Slovenia, we chose this one because it best explains brown bear habitat

selection (clearest pattern of avoidance) (Jerina et al., 2003). We thus created a binary map (i.e,,
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settlement or non-settlement) starting from the ESM map, where all pixels that were partially or
completely covered by settlement polygons were considered as settlement pixels.

To build this binary map, for the entire ESM, all pixels with values >0.01 (proportion of urbanized areas
in pixel greater than 1%) were combined into polygons and each polygon was assigned an ID number.
Multiple parameters were calculated for all pixels (for each pixel and all pixels in each polygon) that
were used in subsequent analyses as independent variables. Such parameters were created to be able
to best discriminate settlements from traffic routes (e.g. settlements have a higher ratio between
surface and circumference than roads), from possible noise in ESM, and from the smallest
“settlements” (isolated or very scattered houses). Specifically, for each raster cell, we calculated: (a)
polygon area (minimum 1 ha), (b) polygon circumference (minimum 400 meters), (c) proportion of
urbanized areas in the cell (minimum 1%), (d) average proportion of urbanized areas in the polygon
(minimum 1%), (e) total urbanized areas in the polygon (i.e., axd), (f) ratio between surface and
circumference of polygon (i.e., a/b), and (g) ratio between the sum of urbanized areas and polygon

circumference (i.e., e/b).

We then prepared a dataset containing the values of all calculated parameters for each ESM raster
cell, and a column including the information on whether a specific cell was part of a settlement or not
(i.e., binary variable with 1 = settlement and 0 = non-settlement cell). In the next step, we analysed
relations between the binary dependent variable (0-1) and the estimated set of parameters (as
independent variables). To do so, we applied both logistic regression and classification trees (e.g.
Jerina et al., 2003) methods. The latter method represents a strong tool for binary classification of
variables with non-linear responses and variables with impacts on only a portion of the definition area,
as well as for interactive effects; the method is also considered as robust and less sensitive to data
multi-collinearity (e.g. Debeljak, DZeroski, Jerina, Kobler, & Adami¢, 2001). Because several variables
were mutually correlated and, for all variables except the proportion of urbanized areas, values for all
pixels constituting one polygon were constant, we conducted all analyses using both pixels and
polygons as base units. In all analyses, we only kept those variables that clearly increased predictive
power. That is, we used forward stepwise procedure and conducted diagnostics of multicollinearity
and inflation of variance at each step before including a new variable in the model. For both methods,
we created two binary maps of settlements (with either pixel or polygon as the base unit) by applying

sensitivity and specificity to calculate cut-off probabilities (following Liu, White, & Newell, 2013).

Next, we evaluated which map (i.e., which of the two methods applied) and which sampling scale
(polygon or pixel) produced the best results for the research objectives (i.e., brown bear movement
analyses). To this aim, for each location of all bears tracked with GPS telemetry in Slovenia (described

in Krofel, Filacorda, & Jerina, 2010), we calculated the distance to the nearest settlement edge using:

2
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(1) true (baseline) map of settlements in Slovenia, (2) map of settlements produced with logistic
regression (one for pixels and one for polygons), (3) map of settlements produced with the
classification trees (one for pixels and one for polygons). For each of the latter four estimated
distances, we then calculated non-parametric paired correlation coefficients with the distance
obtained from the true (baseline) map of settlements in Slovenia. The best model, and consequent
map, was selected based on correlation coefficient with true distance. To compare the efficiency of
our approach, we also calculated correlation coefficient between distances from settlements obtained
from true (baseline) settlement map and raw ESM, resampled to a binary map using a cut-off value

equal to 0 (all pixels > O: settlement; 0: non-settlement).

We used ArcGIS 10.1 to handle spatial data and layers, and Statistica 10 software (Stat Soft Inc.) for

statistical analyses.
Results and discussion

All selected logistic regression and classification tree models (four in total: two logistic regressions
(one for pixel unit and one for polygon unit) and two classification trees (one for pixel unit and one for
polygon unit) included only one explanatory variable. However, this variable was not the same for the
two methods used. In logistic regression, the presence of settlement was best explained by the
proportion of urbanized areas when pixel was used as the base unit and by the average proportion of
urbanized areas when polygon was used as the base unit. In classification trees, instead, the ratio
between the sum of urbanized areas in the polygon and circumference of the polygon was the
variable that best discriminated between settlements and non-settlements in both sampling schemes

(pixel and polygon).

Given our objective (i.e., brown bear movements and activity), the maps produced by all four models
(i.e. logistic and classification trees for both pixels and polygons) corresponded quite well with the true
settlement map. Indeed, non-parametric correlation coefficients of distances between bear locations
and the nearest settlement ranged between 0.64 and 0.86. This was a much better result compared to
that produced by the raw ESM (r = 0.46). Among the models, the classification tree map with polygon
as the base unit and the ratio between the sum of urbanized areas in the polygon and circumference
of the polygon as independent variable most strongly correlated with the true settlement map (r =
0.86). This classification tree contained just one node (i.e., two leaves) and separated settlement from
non-settlement at a cut-off value of 4.9 (whereby urbanized areas are expressed in m? and polygon
circumference in meters), where polygons with values equal or higher than 4.9 were classified as

settlements and those with lower values as non-settlements.
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The importance of this selected variable meets our expectations and can easily be explained: the
model identifies as settlements those polygons that have a higher proportion of urbanized areas and
more rounded shape (i.e., smaller circumference relative to the surface). These characteristics thus
separate true settlements from data noise, scattered houses, and linear-shaped urbanized areas (i.e.,
traffic routes). To further assess the accuracy of our new map, we picked some random areas (but
including roads and scattered houses) in Slovenia and Italy, and overlaid the final model-produced
settlement map, ESM and satellite images to visually compare them. The accuracy of our model-
produced map was excellent: all relevant settlements were correctly identified, whereas scattered
houses, roads and other noise elements were correctly classified as non-settlement. The resulting
settlement map created starting from the ESM was therefore used for all analyses performed in the

present manuscript.
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Supplementary File 2.

Adjustment of estimated movement speed for unequal sampling intervals
Introduction

In our manuscript, we tested the hypothesis that movement speed (i.e., movement rate) of bold bears
is higher than that of non-bold (control) bears, based on previous literature that associate this
behaviour with increased level of individual boldness (e.g. Ciuti et al., 2012; Delgado & Penteriani,
2008; Toms, Echevarria, & Jouandot, 2010). The common procedure to calculate individuals’ speed
from their GPS locations implies dividing the distance between successive GPS locations (i.e., step
distance) by the time interval between the two successive locations (Delgado et al., 2010; Gurarie et
al., 2016; Spiegel et al., 2017). Because this estimation represents the shortest distance between the
two locations, it is only unbiased if the animal moves in straight line or if the time interval between
sampling locations is very short, approaching zero, which would capture minimum changes in the
individual’s movements. However, since real-life animal movement is far from straight and the
intensity of monitoring cannot be infinite, the method produces biased (i.e. underestimated) results.
Indeed, assuming that an individual’s movement does not follow a straight line from one location to
the next, we can expect the bias in estimated speed to increase with increasing time interval between
successive locations. This bias would thus lead to underestimated speed values at larger time intervals.
Nonetheless, when sampling intervals are the same (or similar) among individuals or/and across time
and space, speed values obtained with this method can be used for comparison purposes, because the
bias is mitigated. However, it is not always possible to have equal or similar time intervals due to
various reasons (e.g., bears radio-collared in different regions or/and for different purposes, GPS signal
loss), and filtering the dataset by only keeping equal or similar time intervals between GPS locations

would in many cases lead to a great loss in both sample size and valuable information.

Because this problem is common to numerous studies, especially in large-scale studies that combine
data from multiple areas and for long periods, and because it can lead to biased results and
interpretations, it cannot be ignored. This is also true for our study, where we used GPS telemetry
data made available by multiple projects where bears have been GPS-collared for various purposes
(e.g., Jerina, Jonozovi¢, Krofel, & Skrbinsek, 2013; Kaczensky et al., 2011; Krofel, Spacapan, & Jerina,
2017). Location sampling intervals are therefore not constant: they ranged from 10 minutes to several
hours and they may even differ for individual bears in the course of their monitoring. Although we
filtered out those locations that were taken with very high time intervals (time intervals > 4 hours), the
above-mentioned bias in estimated speed may still produce wrong results when comparing speed

values between our two focal groups (i.e. confident and control bears). Because of this, and because
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we are not aware of any published method that would successfully solve this issue without losing a
great amount of data, we developed our own method to remove this bias and thus adjust estimated

speed values.
Methods and data

We developed a method that removes the bias in estimated speed generated by differences in
location sampling intervals based on the following premises. Estimated speed must be independent of
sampling interval; accordingly, the distances between locations should increase proportional to
increased time. If the function which describes the dependence of distance between locations and
time is adjusted to real data, the inverse function can be used as a corrective factor of distances, i.e. to
estimate “standardised speeds” for any selected sampling interval. The analysis assumes that the
function of distances between sampling locations with regard to time interval has the same structure
for all bears, whereas the values of distances are proportionally extended for each individual bear (the
individual multiplicative constant which “stretches” the otherwise general function of distance relative
to time is adjusted to the movement of each bear). Multiplicity of relations between individuals was
not technically tested, but it is logical (e.g. all distance/time are the same for all bears, only the
distances are linearly extended for each individual bear) and it is also indicated by the data (the graphs

for individual bears were very similar in shape, only the distances (y- axe) were stretched).

For all GPS-monitored bears, all possible pairs of locations sampled up to 12 h apart were created. For
each pair, the distance and the time interval between the two locations were estimated. For a bear
monitored for 12 h at hourly intervals, for example, we created 11 one-hour pairs of locations, 10 two-
hour pairs, up to one 12-hour pair of locations. For each pair of locations, we created a set of three
variables: time between locations (in minutes), distance between locations (in meters) and bear ID
(variable which identifies each individual bear). The data was visualised and inspected. As expected,
average distance between locations increased at a diminishing rate over time: initially, at very short
time intervals, the distance increased almost proportionally but, at increased time intervals, the
increase was progressively slower. Several candidate functions (i.e. linear, squared, logarithmic and
power) were tested to find the equation that best fit the increasing distance/time trend. The power
function (Distance = b1 x Time") was selected over the others based on the proportion of explained
variance (R2 = 0.425, outperforming the second-best function (i.e. squared) by 0.005) and was
therefore used in regression analysis. In the power function, distance between locations (Distance) is
the dependent variable and Time an independent variable. b2 is the missing parameter (power)
needed for the calculation of the correction factor to adjust speed values, and b1 is the multiplicative

constant specific for each bear. Since distances between locations were log-normally distributed, log-
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normal distribution of error was used in the regression model. The model was run in Statistica 10 (Stat

Soft Inc.) — module “user specified models”.

Based on the model parameter (b2), we calculated the correction factors needed to adjust speed
estimates for all sampling intervals from 5 minutes to 12 hours, with 1 hour used as reference period.
The correction factor for speed thus “corrects” the speed estimate for the given sampling interval,

producing an estimate as if it was derived from hourly location sampling.
Results and discussion

The power function adjusted to the data explains almost half of the total variability in distance
between locations (r= 0.65). Both parameters of the function, as well as the entire model, significantly
explain the variation in the independent variable with very low risk (p<0.001, n = 1032677, Table 1).
For the sake of clarity, estimates of parameters for individual bears (b1, n = 44) are not shown; for
“extreme” individuals (lowest and highest speed values) they varied almost 1 to 8. For individual bears,
distance residuals in the regression model were examined. In the gradient of the variable Time, the
sign of the residual ranged from positive to negative more or less randomly without any obvious
trends, which confirms that the general shape of the distance/time function is similar for all bears,

whereas distances are stretched. This confirms that the structure of our model is appropriate.

Table 1: Non-linear regression model (distance=b1xtime®’’!) predicts distance (in metres) of two
sampled locations of monitored bears in Slovenia (n=44) based on time interval between two sampling
locations (in minutes).

Estimate Std. dev. t-value p-value Lo. Conf Up. Conf

b2 0.771 0.009 83.67 0.000001 0.753 0.789

distance=b1xtime®’"* (b1 — bear-specific constant); model fit: r= 0.65; r’= 0.42; n =1032677;
p <0.001

The final non-linear regression model (Table 1) forms the basis for calculation of correction factors for
speed. To calculate the correction factors, distances were first calculated for sampling intervals from 5
minutes to 12 hours to produce uncorrected speeds, whereupon the speeds were divided by the
speed for the reference 1 h interval (locations are sampled every hour). The inverse of this quotient is
the correction factor for speed. The value of correction factors depends on the sampling interval and
ranged from 0.48 for the five-minute interval (speed estimates are more than twice overestimated
relative to the one-hour interval) to 1.81 for the 12-hour interval (estimates are underestimated by a
factor of two relative to the 1 h interval) (see Figure 1). If uncorrected speeds of two individuals with

the same movement speed were to be compared but the first would be monitored at five-minute
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intervals and the second at 12-hour intervals (such differences between individuals and periods are
possible, although they were not included in our analyses), uncorrected speeds would be different by

a ratio of almost 3.8:1.
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Figure 1. Impact of bear location sampling interval on uncorrected estimate of movement speed
(dashed line) and estimated correction factor function (solid line).

Corrected estimates provide unbiased comparisons of speeds between individuals and periods, which
was our intention. To illustrate the dimension of the method’s error and the impact of correction
factor on our data, we calculated uncorrected and corrected speed estimates for the raw data (actual
pairs of consecutively sampled locations of all bears), aggregated the values to % hour intervals from 0
to 11 hours (pairs with longer intervals were omitted because of their scarcity) and averages
calculated for all groups (Figure 2). The values of corrected speed estimates are roughly constant
regardless of sampling interval (0.27-0.29), which makes sense. The values of uncorrected speed
estimates, on the other hand, drop as the time lag between locations rises, from 0.33 km/h at interval

from 0 to 1/2 hour, to 0.15 km/h at the 11-hour sampling interval (Figure 2).
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Figure 2. Uncorrected (grey line) and corrected (black line) estimates of bear speed for different time
intervals between locations.

In practice, speed values are corrected by multiplying them by a correction factor which is functionally
dependent on the time lag between locations. Since factor b1 is multiplicative and hence is present in
the numerator and denominator of the correction factor fraction, it is reduced in speed corrections.
This means that it is not necessary to know it for corrections, which significantly simplifies calculation.
The correction factor (Box 1: correction factors,, time x) is simply calculated with a transformed equation
of the regression model distance/time. Corrected speed estimates are calculated by multiplying the
speed estimate with the correction factor or even more simply, by inserting the distance between two
consecutive locations and time lag between locations into the equation prepared with the

transformation of the regression model (Box 1: speedcq).
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Box 1. Transformation of equation of regression model (Table 1) distances between locations based on
sampling interval into correction factors for speed and adjusted estimate of movement speed

(adjusted to one-hour reference interval of location sampling).

distancepred:b1><timeb2;

speedpeq = distancepeq X time™ = blxtime® x time™ = b1 x time®*™"

. -1
correction factorsor time x = SP€€dpred for time 60 X (SP€€pred for time x) ~ =
— b1 x 6O(b2—1) x (bl x t]rﬂe(bzl))—l :6O(b2—1) x time(l—bz) :60—0.22908 x tirne0422908= 39 x timeo. 22971

O(b}l (1-b2)

speed.qr=speed x correction factor ¢, time x = distance x time!x 6 Ix time
= distance x 60°* % x time™ = distance x 60" **"* x time®""%* = 3.9 x distance x time*77%%

Legend:

correction factors, wme x = correction factor for specific time interval of location sampling (time in
minutes)

time = time interval between recording of two locations (in minutes)

distance = distance between two consecutive locations (in meters)

speed. = corrected speed (to reference 1 h location sampling time interval; in meters per minute)

b2 = parameter estimate from non-linear distance/time regression model (Table 1)

The described protocol was used to calculate corrected movement speeds for all consecutive pairs of
sampled locations of all monitored bears. The corrected speeds were used for all analyses in this
manuscript. As specified in the methods section of the manuscript, pairs of locations more than 4 h

apart were omitted from subsequent analysis.
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Supplementary File 3. Differences between bold and control bears in the movement parameters
considered in our study, from above-left: diurnality index, use of open areas, distance to the nearest

road, distance to the nearest human settlement, mean daily speed and daily home range.
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Supplementary File 4. Graphs showing inter-individual differences in the movement parameters under
study. Plots in blue represent control individuals, those in red bold individuals. Individual bear IDs are

shown on the x-axis.
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Mean daily speed (km/h)

Daily home range (km*"2)
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