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Abstract: 	 Data from nine GPS-tracked bears from the poorly studied East Balkan population were used as a case 
study to assess brown bear risk-taking on approaching anthropogenic structures after being captured. We 
tested the hypothesis that, after capture and handling, the bears avoid places posing a risk of recapture. 
Two major effects were analysed: 1. Capture site effect, testing if bears tend to remember the capture loca-
tion and avoid it as a threat for recapture, and 2. Feeding station effect, testing if the bears are avoiding the 
supplementary feeding stations as a potential threat for recapture. The avoidance of capture sites, as loca-
tions posing immediate risk of recapture due to animal’s previous experience, was the highest (70% of all 
cases), followed by avoidance of feeding stations (60%). Thus, our study confirmed that the capture event 
had a significant impact on the animal behaviour and could be efficient tool (at least in short term) for 
managing unwanted bear behaviour. However, the results also showed that despite the capture event, bears 
did not entirely avoid the capture sites or the feeding stations. The males in our study were heterogeneous 
group in their avoidance behaviour, while females were showing strong avoidance of the two disturbance 
factors. Bears had very diverse response to the capture effect in respect of the distance they kept from the 
capture sites and feeding stations. 
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Introduction
The brown bear Ursus arctos L. is a large charis-
matic mammal with а conflicting nature of a preda-
tor. However, the species manages to live in human-
dominated landscapes of Europe, forming several 
large and relatively stable populations (Chapron et 
al. 2014). A major focus for brown bear conserva-
tion on the continent is obtaining reliable scientific 
data on its numbers and density (Kaczensky et al. 

2012). However, in many studies, key behavioural 
aspects are often omitted or neglected. Analyses 
based on all variables are needed to provide a strong 
scientific basis for solving the important for the bear 
conservation social conflict over knowledge and in-
formation (Linnell 2013). It is especially relevant 
for countries like Bulgaria where local people con-
nect directly the bear population numbers to the 
damages on livestock, beehives and property, while 
most of those damages are done by few habituated 



372

Todorov V. R., D. P. Zlatanova & K. V. Valchinkova

bears. Effective sources of information in this aspect 
are the telemetry studies and recent versions like 
GPS and GPS/GSM are crucial. The advantage of 
the GPS telemetry is that it collects a large number 
of fixes (Cagnacci et al. 2010) and this high spa-
tial resolution data provides valuable insight on the 
behavioural aspects of movement rate, activity pat-
terns, home range size, habitat use, predation rate 
and interactions with anthropogenic food resources 
and infrastructure. It is particularly important in 
studying interactions with humans (e.g., in problem 
bears), where fine-scale movement data is greatly 
needed to either tackle conflicts or design plans for 
mitigation of barriers in ecological corridors (LCIE 
2007, Linnell et al. 1998). 

The capture of bears for telemetry studies is 
primarily executed in three ways: capture with leg-
hold snares, remote sedating from stand or helicop-
ter (helicopter darting) and barrel (culvert) traps 
(Arnemo & Fahlman 2007, Jerina et al. 2012, 
Jonkel 1993). Currently, the bear welfare during 
capture and release is of the highest importance, 
keeping the triple R concept in mind (Replacement, 
Reduction and Refinement) (Flecknell 2002, LCIE 
2018, Smith 2001). However, a plethora of capture-
related effects might go undetected and unanalysed. 

Many published sources report that capture of 
a mammal for any purpose, especially tagging, is an 
invasive process, which might affect their behav-
iour and performance (Brivio et al. 2015, Chi et al. 
1998, Moa et al. 2001, Northrup et al. 2014, Rode 
et al. 2014). Capturing with further handling by hu-
mans is likely to be one of the most stressful events 
in animal lives. This is proved in wild ungulates by 
studying haematological and biochemical values of 
blood samples (Spraker 1993, Wesson et al. 1979) 
or behavioural responses (Morellet et al. 2009). 
The only existing literature source for such a study 
in ursids is based on radio-telemetry data and has 
been focused only on the relationship between the 
effect of capture and body condition index, capture 
injuries and related mobility (Cattet et al. 2008). 
The potential of fine-scaled GPS-telemetry track-
ing for studying possible behavioural changes in 
the post-release period, such as abnormal mobil-
ity, changes in habitat use and possible reactions to 
human-induced disturbances is hardly used. Several 
published studies analysed the collared bears’ inter-
actions with human infrastructures, however, with-
out an account of the capture effect. These results 
showed that the interactions could be related to pur-
suits for a potential food source in permanently pop-
ulated places such as settlements and single houses 
within the forests used all-year-round (Gibeau et 

al. 2002, Jerina et al. 2012, Martin et al. 2010, 
Mohorović et al. 2017, Elfström et al. 2014, Nel-
lemann et al. 2007). Other telemetry studies inves-
tigate the effects of supplementary feeding stations 
(Krofel et al. 2017, Selva et al. 2017) or popular 
touristic places / seasonal recreational resorts have 
on bear behaviour (Rode et al. 2006). Most of these 
sources deal with certain aspects of bear behaviour 
but do not relate it to the capture effect. 

We conducted analyses based on data from a 
small-sized sample of nine GPS-collared brown 
bears to identify key issues of the potential link 
between the capture as an event in the bears’ lives 
and the following interaction with areas that might 
be associated with a risk of capture. We tested the 
hypothesis that, after capture and handling, the col-
lared bears avoid places posing a risk of recapture. 
To confirm or reject this hypothesis and account 
for the possible habituation effect, the individuals 
were divided into two groups: Group A – captured 
on a feeding station (with presumed habituation to 
human-provided food) and Group B – captured on 
another type of site (unknown habituation). In both 
groups, three major effects were analysed, aiming 
specific objectives: 

1. Capture site effect, testing if bears tend to 
remember the capture location and avoid as a threat 
of immediate risk of recapturing. Objectives: 1. De-
termine if the bears returned to the location where 
they were caught and, if they did, in how many days. 
2. Determine the distance bears kept from the cap-
turing site.

2. Feeding station effect, testing if the bears 
are avoiding the supplementary (artificial) feeding 
stations as a potential threat for recapture. Objec-
tives: 1. Determine if the bears perceived the sup-
plementary feeding stations (which humans visit to 
provide food) as a threat for recapture, e.g. if bears 
visited feeding stations after capture. 2. Determine 
the distance the bears kept from the supplementary 
feeding stations. 3. Determine the possible cumula-
tive effect with the proximity of the capture site.

The capture site effect objectives are set to 
identify the animals’ memory and response to im-
mediate / present risk (the capture event). The feed-
ing stations effect objectives are related to perceived 
risk, which the humans might represent.

Materials and Methods
Study area
Our study falls within the boundaries of the Cen-
tral Balkan National Park, its buffer zone and the 
grounds of several State Hunting Enterprises (SHE) 
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and State Forestry Enterprises (SFE) (Fig. 1). The 
State Hunting Enterprises per se are forestry enter-
prises (for management of forests and timber pro-
duction) but with additional sets of activities, such 
as intensive game management that includes supple-
mentary feeding. 

The Central Balkan National Park (NP) spans 
on an area of 716.7‬ km2, with the highest peak 
reaching 2376 m.a.s.l. More than 56% of the park 
is covered with forests, predominantly beech (Fa-
gus sylvatica), while the rest of the territory consists 
of meadows and pastures with abundant berries and 
junipers (CB Administration 2019). This NP pro-
tects one of the most extensive and compact, rela-
tively low-urbanised beech forest complexes on the 
Balkan Peninsula, with an average age of the trees 
being 133 years. The Central Balkan NP and its sur-
roundings are covered by four forest belts (Asenov 
2006): 1. The xero-thermophilic oak (Quercus sp.) 
belt; 2. The oak and hornbeam (Carpinus sp.) belt; 
3. The beech belt; 4. The coniferous belt. The ter-
ritory of the national park is divided into areas un-
der full protection (such as strict reserves, where all 
anthropogenic activities are forbidden) and areas 
where some human activities are allowed. 

The study area is located within the Central 
Balkan segment of the Eastern Balkan population 

of the brown bear in Bulgaria (Linnell et al. 2008, 
Kaczensky et al. 2013). The population size in the 
area is reported to be around 100 individuals (MoEW 
2008), thus the sample size of collared bears in our 
study is representative for this population segment.

The study area is unevenly populated, with an 
average human density of c. 58.7 people/km2 (range: 
14.02–117.54). Due to the national park’s regula-
tions, no permanent settlements are allowed on its 
territory. However, there are 30 villages in nine mu-
nicipalities in proximity and around the park’s bor-
der. The national park‘s regulations provide ground 
for cattle and sheep pasture, where goats are not al-
lowed.

One hundred and six supplementary feeding 
stations (Fig. 1) for ungulates (red deer Cervus ela-
phus L., 1758, wild boar Sus scrofa L., 1758 and roe 
deer Capreolus capreolus (L., 1758)) are registered 
(if the feeding stations are still in use). These sta-
tions are mainly in the hunting grounds of the State 
Hunting and Forestry Enterprises, as required by the 
Regulation of Hunting and Game Conservation act 
(MAFF 2001). Twenty-eight of them are in the na-
tional park providing food mostly in the winter or 
on irregular intervals during the other seasons. The 
food provided on all the feeding stations is maize 
(Zea mays). Bears are generally attracted by this 

Fig. 1. Study area with capture sites, supplementary feeding stations and minimum convex polygon (MCP100) for the 
individual bears’ telemetry locations in the study area.
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food of high nutritional value as Gunchev (1989) 
has confirmed a high percentage of corn intake by 
the species for that area. Additionally, bears were fre-
quently registered by camera traps at supplemental 
feeding stations. On the hunting grounds, the food is 
provided more intensively, once per every 1–2 days 
in winter and spring and at least once per week in 
the other seasons. During our study, 73.6% of these 
feeding stations were providing food regularly and 
26.4% were seasonal. Because of the variability of 
feeding stations management (differences in the fre-
quency of feeding was found, even within the same 
stations) for this study, we assumed that all the feed-
ing stations were attractants for the bears per se. All 
of the feeding stations were visited for food or sim-
ply checked by bears, regardless of the intensity and 
type of feeding. None of the stations was providing 
enough food to sate one individual bear, especially 
with the competition of wild boars and red deer.

Capture and handling of bears
The capture sites and capture season were chosen 
based on bears’ presence, according to information 
from the NP and SFE / SHE staff and camera trap 
data, recording the frequency of bear visits to the 
potential capture site. Two or three standard Aldrich 
snares (Aldrich Snare Co., Washington) were used for 
capturing per trap-site. The snares were placed near a 
tree with a bag hanging on it, containing a mixed bait 
of corn and honey. The trap placement was following 
the guidelines of Jonkel (1993). MMS camera-traps 
(Ltl Acorn / model LTL5210-MG) were used as a 
bear capture alert system during the night, to mini-
mise the bear stay in the trap to less than two hours.

During the study period (2007–2018), in over-
all 25 trapping nights, we captured 13 bears, nine of 
which were used in the current analyses (Table 1). 
The rest were either not collared because of the small 
body size or the collars defected a few days after the 

Table 1. Details for the captured and collared bears used in this study: ID, type of capture location, group according to 
capture: Group A (caught at feeding stations) and Group B (caught at other sites), sex, age at capture (estimated by the 
teeth status), tracking period, the number of GPS fixes collected, numbers of GPS fixes resampled at 12 hour period, 
MCP100, km2. The ID of the individuals follows the capture order.
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Period Days

CB1/ Chara Feeding 
station Group A F ~3 22.9.2007–29.7.2008 310 3194 407 65.60

CB2-s1/ Rusi On animal 
trail Group B M ~2.5 3.11.2009–29.9.2010 330 1788 362 119.3

CB2-s2/ Rusi*/** Poacher’s 
snare Group B M ~3.5 29.9.2010–20.11.2010 52 742 104 201.15

CB4/ Mitko On animal 
trail Group B M ~4–5 25.11.2014–16.6.2015 203 616 157 30.7

CB5/Ivanka*** Feeding 
station Group A F/cub ~1.5 8.6.2016–29.4.2017 325 3199 357 206.3

CB8/ Andrey Feeding 
station Group A M ~5 30.10.2016–2.8.2018 641 2712 806 192.63

CB9/ Plamen*** Feeding 
station Group A M/cub ~2 2.11.2016–1.9.2017 303 1131 375 112.76

CB10/ Jimmy** Poacher’s 
snare Group B M ~2 8.6.2017–20.5.2018 346 3345 623 1157.55

CB12/ Boriana On animal 
trail Group B F ~4–5 7.3.2018–19.10.2018 226 2183 407 108.27

CB13/ Spiridon Feeding 
station Group A M ~6–7 12.12.2017–20.12.2018 373 8775 582 857.88

* Recapture (poacher’s snare) 
** Released in a different from the capture location
*** Cub considered in the females’ group, representing mother’s behaviour
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release. Two of the collared bears (CB5, CB9) were 
two-year-old cubs, led by their mothers, which were 
also present at the capture site. Both had been with 
their mothers until the next spring (between six and 
eleven months); that is why we consider both in the 
group of females since they represented their moth-
er’s territory. Five bears were captured on feeding 
stations, three were captured on animal trails, one 
(CB10) was rescued from a poacher’s snare (Table 
1). One of the bears (CB2), previously captured on a 
trail, was later rescued from a poacher’s snare. The 
two individuals (CB2 and CB10) were later released 
away from the poaching site, within the boundary 
of the national park in an optimal habitat with good 
visibility cover: CB2 in about 12 km straight line 
distance from capture, CB10 in about 5 km from 
the capture site. Both bears were transported and 
released under the effect of the first immobilisation.

All bears were captured during the night. The 
capture site locations and the minimum convex pol-
ygon (MCP100) for each bear based on all telemetry 
locations are presented on Fig. 1.

For each capture, the bears were immobilised 
via Teledart CO2 injection gun with a mixture of Ti-
letamine/Zolazepam (Zoletil Virbac 50 / 100: 2.5–3 
mg/kg) and medetomidine hydrochloride (Domitor 
1mg/ml: 0.05 mg/kg). The animals were able to see 
the approaching human during the sedation process. 
The time to full sedation varied in the range of 7 to 
54 min, while the time to full recovery (bear moving 
away) varied between 49 min to around 7 hours, de-
pending on the body weight, fat deposits and age of 
the animal. Due to the lack of reversal agent for Tile-
tamine and the high doses of Тiletamine-Zolazepam 
mix, preventing the use of antagonists, no reversal 
agents were used to aid the recovery of the animals 
(Arnemo & Fahlman 2007). All manipulations 
with the bears lasted less than 30 minutes, with their 
eyes covered during the procedure. The animals 
were weighed and measured, and the status of the 
teeth was recorded for assessment of the age. 

Two different types of GPS collars were used 
in this study: Vectronic (Vectronic GPS pro lite, col-
lar weight > 810 g, Vectronic Aerospace GmbH, 
Germany) and Followit (Tellus GPS Medium Plus, 
collar weight > 980 g, Followit, Lindesberg AB, 
Sweden), equipped with GSM module for data 
transfer. All collars were also equipped with VHF 
transmitters, UHF-communication to download the 
data directly, an activity sensor and drop-off system.

After the handling procedure, the animals were 
left on undisturbed places and were monitored from 
a distance until their full awakening and moving 
away from the capture site.

Data collection
The collars were initially set to record the locations 
at a varying time interval, ranging from two to 12 
hours, depending on the season: every 2 hours dur-
ing spring, summer and autumn and every 12 hours 
during winter (power save mode). This called upon 
the need for sub-sampling to equal time frame to be 
able to analyse and compare the step length (the Eu-
clidean distance between each location in sense of 
animal displacement in space) across time and indi-
viduals throughout the whole study period. Twelve 
hours between each location fix (one night location 
at 00:00 h and one day location at 12:00 h) were 
chosen (Table 1) to compromise between the short-
est step length possible, the time overlap of GPS fix-
es from each of the collars and the continuousness 
(no fixes missing) in the data flow. This resampled 
data was used for analyses of the distances the indi-
viduals keep from capture sites and feeding stations. 
The full set of data was used to identify the visits 
(explained herein below) to capture sites, feeding 
stations and anthropogenic structures.

Spatial analyses
The feeding station’s locations (supplementary feed-
ing for ungulates) were mapped with a GPS device 
at the centroid of the feeding ground (with an aver-
age area of approximately 30x30 m). For each of the 
individuals, a density of feeding stations per 1 km2 
was calculated as the number of stations present in 
the animal MPC100 polygon, divided by the area of 
the MCP. 

All spatial analyses were conducted with Arc-
Gis Desktop 10.2.2 – ArcMap (ESRI). The resam-
pling of the locations to 12-hour interval and the cal-
culation of individual displacement (step length) for 
this timeframe were done with ArcMET 10.2.2.v3 
extension for ArcGIS Desktop (Wall 2014). The 
distance and visits to capture sites and feeding sta-
tions were calculated with Near function of Arc-
Map. A 50 days mobility data after the capture event 
was analysed for the two sub-adult male individuals 
with capture and release in different locations – CB2 
(second capture) and CB10. This was done to test 
which location was perceived as more threatening: 
capture or release. To test for avoidance or possible 
habituation, the pool of all fixes within the range of 
0 to 500 m distance from the capture sites and feed-
ing stations (calculated as a distance to the centroid) 
were analysed. They were divided into three dis-
tance classes: visit (0-30 m), approach (31-100 m) 
and proximity (101-500 m). The 30 m values were 
taken from the average position error under forest 
canopy for the two types of GPS collars used, with 
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the error being tested in the field. The 100 and 500 
m ranges were the most common measure the local 
people in the nearby settlements use to define bears 
“approaching” (100 m) and “proximity” (within the 
limits of 100-500 m.)

For the spatial analyses of the capture site ef-
fect, the location data for the first 48 hours were 
removed to account for the full recovery time af-
ter sedation (Cattet et al. 2008) before the animal 
completely moves away after capture and to avoid 
double counting of the animal presence at a feeding 
station when it was also a capture site.

Statistical analyses
We tested for individual, gender-specific and group 
differences in the distances the animal keep from the 
capture sites as well as feeding stations, using the 
non-parametric Mann–Whitney and Kruskal–Wal-
lis statistics. In the individual and groups’ statistical 
comparisons, where after testing with Shapiro-Wilks 
test, a deviation from normality for the distances 
from the capture sites and feeding stations in both 
groups (A and B) was present, the median was used 
instead of average. Exact binomial test of goodness-
of-fit was used to compare the difference in the pro-
portion (1:1) in the number of visits to captures sites 
and feeding stations between the two groups, as well 
as the animals’ presence in the respective proxim-
ity and approach zones. For the statistical analyses, 
these visits or presence were expressed as the rela-
tive frequencies Fv (visit), Fa (approach), Fp (proxim-
ity), representing proportions of days spent in visit/

presence for each individual towards the overall 
tracking days. The differences were tested with two-
tailed probabilities at 0.05 significance, within the 
95.0% confidence level. All statistical analyses and 
plots were done with Statgraphics Centurion 18.1.11 
(Statgraphics Technologies, Inc.). The variation of 
Euclidean distances from the capture sites, and feed-
ing stations were plotted with violin graphs with co-
sine function and interval width (h) at 10 %.

Results
Capture site effect
Capture site visits. All bears kept the capture sites 
as part of their home ranges. Three individuals, 
all males returned to the capture site – two of the 
Group A (capture site also feeding station) and one 
of the Group B. The capture sites of the Group B 
individuals to the nearest feeding station were at a 
distance from 1.3 to 6.6 km, except for CB4 (82 m). 
The individuals of the Group A (caught at feeding 
stations) exhibited more pronounced, yet not signifi-
cantly different relative frequencies of visits to the 
capture sites (Exact test of goodness-of-fit (ETGF) 
on proportions of medians, p>0.05) than those of 
the Group B (Table 2). No significant difference 
was found in the relative frequencies of visits to the 
proximity and the approach zones between the two 
groups (ETGF, p>0.05). Eight of all nine capture site 
visits were between 1:00 am and 7:00 am. Most of 
the returns to the capture sites (n = 6) for the Group 
A were in the spring (April-May).

Table 2. Visits, approach and proximity to the capture sites (presented as number of days and their respective relative 
frequencies Fv, Fa, Fp) and days to the first visit after capture for the individual bears and groups: Group A (caught at 
feeding stations) and Group B (caught at other sites), with Exact binomial test comparison on medians between the 
two groups.

Group Bear ID
Visit

(0–30 m)
Fv

Approach
(31–100 m)

Fa

Proximity
(101–500 m)

Fp

Days to first 
visit after 
capture

A

CB1 0 0.000 0 0.000 2 0.006 -
CB5 0 0.000 0 0.000 0 0.000 -
CB8 6 0.009 3 0.005 20 0.031 146
CB9 0 0.000 0 0.000 1 0.003 -
CB13 2 0.005 1 0.003 3 0.008 142

B

CB2-s1 0 0.000 0 0.000 1 0.003 -
CB2-s2 0 0.000 0 0.000 0 0.000 -

CB4 0 0.000 0 0.000 6 0.030 -
CB10 1 0.003 2 0.006 7 0.020 70
CB12 0 0.000 1 0.004 41 0.181 -

Exact binomial test (Group A vs. B) p>0.05 p>0.05 p>0.05
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Capture site distance. The GPS-collared brown 
bears in our study displayed statistically significant 
differences in the distance which they keep from their 
capture sites (Kruskal–Wallis test, H = 1413.12, df 
= 9, p < 0.005). Additionally, the interquartile range 
of these distances (Fig. 2) showed a great variability 
(range 1078–30395 m) and with numerous outliers, 
depending on the sex and age of the individuals. Most 
of the individuals (n = 6) exhibited unimodal density 
distribution of the distance they kept from the capture 
site, at they tend to keep more or less stable “safe” 
straight line distance of at minimum 2 km. Two male 
individuals, CB10 and CB13 exhibited the highest 
displacement distance related to the capture site. 

For both animals translocated after capture 
(CB2 after second capture and CB10), the release 
sites as well as the capture sites continued to be pre-
sent within the home range. There was a statistically 
significant difference between the median distance 
to the capture sites for both captures of the CB2 
individual – CB2-s1 and CB2-s2 (Fig. 2) (Mann–
Whitney test, W = 21353.5, p < 0.005). Yet, no sta-
tistically significant difference was found between 
the median distances CB2 kept to both capture and 
release sites after the second capture (Mann–Whit-
ney test, W = 5678.0, p > 0.005). Generally, this in-
dividual kept a larger distance from the second cap-
ture site (Fig. 3). Most of the CB2 locations showed 
a retreating pattern with a unimodal distribution of 

the distances from the release site, peaking at 11 km. 
For CB10, there was a statistically significant dif-
ference between the median distances it kept from 
the capture and release sites (Mann–Whitney test, W 
= 8705.5, p < 0.005), again with a more prominent 
median distance from the release site (5 km) than 
from the capture site (1.6 km). This difference in the 
distances from the capture and release site was pre-
served for the whole period of our study.

The median distances which males and fe-
males kept to the capture sites (Fig. 4A) were not 
significantly different (Mann–Whitney test W = 4.0, 
p > 0.05). The same was found for the comparison 
between the Groups A and B (Fig.4B, Mann–Whit-
ney test W = 15.0, p > 0.05).

Feeding stations effect
Feeding stations visits. The CB1 (young female) 
and CB9 (male cub with its mother) individuals, de-
spite being caught on a feeding station, have never 
visited such station again. On the contrary, the other 
cub CB5 with its mother of the same group (A) was 
registered earliest on a feeding station (four days af-
ter capture), but such a visit was never repeated for 
the whole period of tracking. Without this case, the 
days to the first visit on a feeding station after cap-
ture varied between 22 and 146 (Table 3).

Generally, the Groups A (caught at feeding sta-
tions) showed pronounced numbers of visits, although 

Fig. 2. Distance to capture site for all individuals. The two captures of CB2 are marked as CB2-s1 and CB2-s2 according 
to the capture order. Horizontal line = median value, plus sign = average, Box = interquartile range, the vertical width = 
probability density of the data for each individual plotted with nonparametric density estimator, points = outliers.
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relative frequencies of visits to the feeding stations 
were not significantly different (ETGF, p>0.05) com-
pared to the Group B (60% vs. 20% of all individuals 
in the group, see Table 3). Also, no statistically sig-
nificant difference was found in the density of feeding 
stations per 1 km2 in the home ranges of both groups. 
Additionally, no correlation was found between the 

density of feeding stations and relative frequencies of 
visits in the Group A (Pearson correlation, p > 0.05) 
and the Group B (Spearman correlation, p > 0.05). 
In the Group A, CB8 and СВ13 male individuals 
showed repeated visits on feeding stations, including 
the same stations on which they were caught (CB8 n 
= 6; СВ13 n = 2). In the younger CB8, 50% of feed-

Table 3. Visits, approach and proximity to the feeding stations (presented as number of days and their respective rela-
tive frequencies Fv, Fa, Fp) and days to the first visit after capture for the individual bears and groups: Group A (caught 
at feeding stations) and Group B (caught at other sites), with Exact binomial test comparison on medians between the 
two groups 

Group Bear ID
Density of 
FS in HR 
per 1 km2

Visit
(0–30 m) Fv

Approach
(31–100 m) Fa

Proximity
(101–500 m) Fp

Days to first 
visit after 
capture

A

CB1 0.09 0 0.000 3 0.010 41 0.132 -

CB5 0.22 1 0.003 8 0.025 76 0.234 4

CB8 0.21 12 0.019 62 0.097 177 0.276 146
CB9 0.18 0 0.000 2 0.007 43 0.142 -
CB13 0.05 13 0.035 41 0.110 74 0.198 94

B

CB2-s1 0.1 0 0.000 0 0.000 21 0.064 -
CB2-s2 0.15 2 0.038 5 0.096 14 0.269 22

CB4 0.12 0 0.000 0 0.000 17 0.084 -
CB10 0.04 0 0.000 1 0.003 13 0.038 -
CB12 0.02 0 0.000 1 0.004 11 0.049 -

Exact binomial test
(Group A vs. B) p>0.05 p>0.05 p>0.05 p>0.05

Fig. 3. Distance to capture and release site for the individuals CB2 and CB10 for the first 50 days after release. Box = 
interquartile range, horizontal line = median value, plus sign = average, the vertical width = probability density of the 
data for each individual plotted with nonparametric density estimator, points = outliers.
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Fig. 4. Comparison of the distance to capture sites in males and females (a) and Group A and Group B (b). Box = in-
terquartile range, horizontal line = median, plus sign = average, lower whiskers = min. value, upper whiskers = max. 
value, filled points with plus sign – far out outliers (more than three interquartile ranges).

Fig. 5. Distance from feeding stations for all tracked individuals. Box = interquartile range, horizontal line = median 
value, plus sign = average, the vertical width = probability density of the data for each individual plotted with nonpara-
metric density estimator, points = outliers.
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ing stations visits were at the location where it was 
caught, although it had lower relative frequencies of 
visit than the older СВ13 individual (0.019 vs 0.035) 
who also appeared on a feeding station earlier (around 
three months after capture). In the Group B, despite 
that СВ4 was caught very close to a feeding station 
(around 80 m), it was never recorded on one, during 
the tracking period. An interesting observation is that 
before the recapture, CB2 (Group B) did not visit any 
feeding stations but, after the recapture, the individual 
was recorded on a feeding station twice, as the first 
capture location was closer to feeding stations than 
the second (1.3 vs 5.8 km).

No statistically significant difference was 
found between the two groups in the relative fre-
quencies of locations in the proximity and approach 
zone (ETGF, p > 0.05). The individuals of the Group 
A tend to stay longer in these zones than the indi-
viduals from Group B. 

Feeding stations distance. In the median dis-
tances to feeding stations, a statistically significant 
difference was found between all the tracked indi-
viduals (Kruskal–Wallis test, H = 1413.12, df = 9, p 
< 0.005). Using the Bonferroni procedure, no statis-
tically significant difference was found between the 
median distances to feeding stations after the first and 

second capture of CB2 individual. Most of the tracked 
individuals kept a close distance of no more than 3 
km to feeding stations (Fig. 5). The comparison of 
median distances to feeding stations between males 
and females (Mann–Whitney test, W = 8.0, p > 0.05) 
and between the Group A and the Group B (Mann–
Whitney test, W = 17.0, p > 0.05) did not show statis-
tically significant differences (Fig. 6). Yet, the Group 
A stayed closer to the artificial feeding sites. 

Discussion
First, we would like to acknowledge the small sam-
ple size of the collared individuals (9 bears, 10 cas-
es) in our study. Although presented with reasonably 
enough duration of tracking (>50 days) and mobility 
data (>500 locations per animal) we recognise that it 
cannot be used for universal conclusions of the spe-
cies behavioural traits. However, the outcome is rep-
resentable for the population in the area, given the 
overall size of it (around 100). Despite the disadvan-
tages of the small sample size, the large number of 
fixes per individual (Hebblewhite & Haydon 2010) 
provided valuable insights into ‘after capture’ level 
of avoidance of risky (perceived or real) areas of the 
tracked bears from this poorly studied population. 

Fig. 6. Comparison of the distance to feeding stations in males and females (a) and Group A (captured on a feeding sta-
tion) and Group B (captured on other sites) (b). Box = interquartile range, horizontal line = median, diamond = average, 
lower whiskers = min. value, upper whiskers = max. value
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Small sample size in sense of individuals is 
still an issue of many related GPS-telemetry studies 
(Selva et. al. 2017), provided the very high costs of 
GPS collars and the challenge bear capture represent.

The effect of the capture in brown bears is poor-
ly studied, with only the movement rates being at fo-
cus (Cattet et al. 2008). The avoidance behaviour 
after capture, related to humans is not studied at all. 
It is generally believed and often implied that, after 
capture, bears tend to avoid people or the areas where 
the likelihood of encountering humans increase sig-
nificantly (Gillin et al. 1994). Bears in Sweden tem-
porary altered their movement patterns after encoun-
ter with or approach by humans (Ordiz et al. 2019). 
The capture is expected to have even more promi-
nent effect. This is often explained with the so-called 
“negative conditioning (reinforcement)”, proposed 
by B. F. Skinner in his theory of operant condition-
ing (Skinner 1963). In the sense of the “Negative / 
Reinforcement theory”, the capture is perceived as a 
punishment – the physical and psychological health 
of the animal is challenged. Cattet et al. (2008) has 
shown that during the capture, the time spent in the 
trap was the extremely stressful for the animals and 
resulted in negative conditioning. Trapping the ani-
mal with a snare is a painful experience and not often 
but might results in injuries of the limbs, which was 
the case in one of our individuals (CB2 – second cap-
ture in a poacher’s snare). 

Thus, capture was expected to contribute to 
avoidance behaviour of places that might result in a 
negative outcome – in the case of bears, avoidance 
of all places with an immediate, perceived or present 
risk of capture. In our study the avoidance of the 
immediate risk, which the animals experienced at 
capture sites was stronger (in 70% of all cases). This 
could be interpreted at least in two ways (Travaini 
et al. 1993): 1. Being a stressful event, the capture 
often forces the animals to change their home range, 
so the capture site was left at the edge or outside 
it. Similar behaviour was confirmed in other species 
like Eurasian lynx (Lynx lynx) and roe deer (Capreo-
lus capreolus) (Moa et al. 2001, Morellet et al. 
2009). In red foxes (Vulpes vulpes), stressful capture 
experience leads to avoidance of the capture patch 
(Travaini et al. 1993). This was coherent with our 
study, too, as the capture sites were closer or at the 
edge of the home range border (Fig. 1). 2. Another 
possible explanation of the strong avoidance may be 
that the capture occurred outside the normal home 
range of the animals, where animals show more in-
vestigative behaviour. In our study, the first explana-
tion seemed to be supported better by our data, as 
returns to the capture sites are still noted. However, 

due to the small sample size, more data are needed 
to accept or reject this conclusion. 

Avoidance of feeding stations was less than 
that of the capture sites (in 60% of all cases). Apart 
from the capture effect, a possible explanation of the 
high level feeding station avoidance could be the 
pressure from the despotic behaviour of dominant 
conspecifics (Elfström et al. 2014).

However, our results showed that despite the 
capture event, bears did not entirely avoid the capture 
sites or the feeding stations. For example, after the 
second capture of CB2 in poacher’s snare near an-
thropogenic structures, this individual not only started 
to visit feeding stations (probably due to his advance-
ment in age and body size, making him more com-
petitive) but has also continued to visit anthropogenic 
structures. Yet, some negative conditioning could be 
observed in few individuals as the female CB1 and 
the male CB9, sub-adults at capture (2-3 years old) 
– after being caught at a feeding station, they never 
visited one. No visit to anthropogenic structure was 
recorded in CB9 either, while CB1 even avoided in-
clusion of such structure in its home range polygon. 

Yet, bears had very diverse response to the cap-
ture effect in respect of the distance they kept from 
the capture sites and feeding stations. The brown bear 
is well-known for its high intelligence and individu-
ality, as experience and sex (especially in females 
with cubs) play a major role in behavioural respons-
es. In roe deer (Morellet et al. 2009), the young or 
males were more susceptible to stress-related behav-
iour strongly avoiding capture sites. In comparison, 
although there was not a significant difference in our 
males’ and females’ responses to the immediate risk 
(capture site) in sense of distance from it, only males 
(n = 3) has visited the capture site again. Two of the 
Group A bears visiting their captures sites (5 and 6-7 
years old) were mainly driven by the available food 
source (capture site was also a feeding station). For 
the younger male, the food attractiveness seemed to 
overcome the capture stress-related effect over time 
– 50% of the feeding stations visits coincided with 
the capture site. Both bears returned to these sites in 
the spring driven by the shortage of food. Yet, the 
Group A bears needed more time to overcome this 
stress and restart visiting feeding stations than the 
CB10 individual from Group B.

While males in our study were heterogeneous 
group in their avoidance behaviour, females (with 
exception for the cub CB5 with its mother) were 
showing strong avoidance to the two disturbance 
factors (capture sites and feeding stations). The de-
viation from this avoidance behaviour in CB5 was 
expressed both in: the earliest (from all the studied 
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individuals) visit to a feeding station (four days after 
capture), despite that the cub was caught in a feed-
ing station. Such lack of fear in a female with cub is 
usually typical to either bears habituated to utilize 
food provided by human presence or is related to the 
so called “safety search” behaviour (Elfström et al. 
2014) of female bears with cubs/yearlings against 
infanticide by adult males or pressure from the des-
potic behaviour of dominant conspecifics.  

Experience might be also shaping the avoidance 
behaviour in our study. The sub-adult male CB10 
(Group B) has overcome the stress from capture twice 
as early (in respect of capture site visit – 70 days) than 
the other two, older males of the Group A (142 and 
146 days, respectively). The CB10 individual had the 
highest mobility of all individuals, yet Hertel et al. 
(2019) stated that individuals that are more mobile 
were not necessarily bolder. Thus, the difference may 
be due not only to the experience but also to the cu-
mulative effect for the Group A males of both cap-
ture site and feeding station coincidence. The other 
two sub-adults, CB1 (female) and CB9 (male), did 
not visit any feeding stations (or anthropogenic struc-
tures) and CB1 never even approached them. Lack of 
visits to feeding stations in an opportunistic species as 
the bear is often due to a “landscape of fear” formed 
either from fear from dominant conspecifics or from 
humans (Domevscik et al. 2018).

Our results about the level of avoidance could 
be explained by two factors: 1. Presence of two types 
of memories related to bears’ movement and naviga-
tion in space (Fagan et al., 2013): spatial memory 
related to the configuration of objects and attribute 
memory connecting the attributes of these objects in 
space (like sound, smell). 2. Compromise between 
the attractiveness of food sources and risk involved 
for obtain it (competition with conspecifics, other 
species like the wild boar and fear of humans). The 
history of previous captures of habituated bears to 
food provided by humans (intentionally or uninten-
tionally) impedes the recapture due to trap avoidance 
(Leigh & Chamberlain 2007) as sometimes this task 
is impossible. This implies that the bears are capable 
of memorizing not only the negative experiences as-
sociated with capture but also triggers their spatial 
and attribute memory in the avoidance process.  

In case when capture and release sites were dif-
ferent (as in the CB2’s second release and in CB10 
relocation after capture), the memory of negative ex-
perience of the capture itself could be transferred to 
the release site, especially when (as in our case) no 
reversal agents were used to aid the quick recovery 
of the animals. Acknowledging the small sample size 
and the need for a bigger sample for a more confident 

statement, we assume that there was high probability 
evidence that the release site was more stressful in the 
memory of the animals than the capture site. It might 
be true for two reasons: not only because longer 
awaking process forced the bears to spend more time 
immobilised in proximity to humans (accelerating 
the stress) but also because the animals were forcedly 
placed immobilised in an area already inhabited by 
other bears. Another factor with a cumulative effect 
might be the time spent in the trap before anaesthesia, 
which was adding to the overall stress. This resulted 
in similar behaviour in both CB2 and CB10 – they 
returned in the area where they were captured (appar-
ently part of their original home range), which they 
perceive as “safer” than the one of the release.

The bears are well-known for adapting quickly 
to their environment. The strength of the stimuli and 
stress during capture as well as animal individual-
ity play a vital role in forming a variable response 
to the risk the capture site represent. Whether the 
animal will adapt to the presence of risk (perceived 
or present) by only temporary avoiding these areas 
or permanently avoiding them, depends very much 
on numerous factors, which are currently difficult to 
measure due to the lack of enough data collected. 
Our study confirms (as other studies do, see Majić 
Skrbinšek & Krofel 2013) that the capture event 
has a significant impact on the animal behaviour and 
can be efficient tool (at least in short term) for man-
aging unwanted bear behaviour. This should be tak-
en into consideration when capture and transloca-
tion of problem bears (caught near a food source) is 
planned as part of management interventions, with 
the intent of creating negative conditioning.

Conclusion
The hypothesis that the collared bears avoid places 
posing a risk of recapture is confirmed but no strong 
support has been found that this is a robust behav-
ioural trait. The avoidance of the capture site effect 
has been found to be the unambiguously strongest. 
No definite conclusions can be drawn on the avoid-
ance of feeding stations due to the capture, as this 
avoidance could be a result of despotic behaviour of 
dominant conspecifics. Further research on relation 
to seasonality could be beneficial and also a bigger 
sample size of bears to test these hypotheses further, 
in the sense of cross-country/cross-population com-
parison and to allow drawing some general conclu-
sions for the species itself. 
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