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Abstract. Adult bear individuals live solitary and have prolonged parent—off-
spring relationships, therefore the share of learned skills compared to the
inherited ones is much larger than in other carnivores. This promotes acqui-
sition of deviated behavior and simultaneously establishment of a kinship
structure. However, deviated bear behavior and human food conditioning
are the symptoms of habituation. The aim of this paper is to test the genetic
structuring of habituated and non-habituated individuals located in the cen-
tral region of Romania (Brasov and Prahova districts), a hotspot in terms
of human-bear conflicts. Seven microsatellites were used to genotype 145
samples (ear clips and tissue), out of which 82 were classified as habituated
and 63 as wild individuals, respectively. Our results suggest the presence
of kinship structures in habituated bear group and a reduction of genetic
diversity (H,= 0.75), while the group located in the wild registered a higher
genetic diversity (H,= 0.78) and more private alleles. The genetic differen-
tiation suggested by the Neighbor joining cluster analysis has been strength-
ened by the two percent (AMOVA) differences between the two groups and
highlights the negative impact of brown bear kinship structure, caused by
the human expansion on wilderness. The genetic analyses indicated that the
two groups share genetic variants due to the dispersal and breeding patterns
of male adult bears. The emergence of genetic differences between the two
groups can be avoided by preventing bears to become human-food condi-
tioned; over time, kinship structure can pose a threat to genetic diversity.
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Introduction

Demographic human population explosion has
led to major pressures on environment, reflect-
ed also in reduction of forest habitats for large
carnivores. Consequently, brown bear natural
habitats have been fragmented (Swenson et al.
2000). However, the evolution of society has
caused a change in human perception of this
species, such that in the nineteenth and twen-
tieth centuries, brown bear was exterminated
in large areas of North America and Europe,
being the main subject of anthropogenic per-
secution (Zedrosser et al. 2001). Human popu-
lation expansion also lead to the limitation of
habitats used by bear species and even carry-
ing campaigns for their elimination (Weber &
Rabinowitz 1996, Woodroffe 2000, Gittleman
& Gomper 2001).

If generally, the brown bear avoid areas
where human activities are carried out (Mace
& Waller 1996, Jerina et al. 2003), some indi-
viduals exhibit a deviant behavior and rather
prefer to meet the requirements for feeding eas-
ily (Nellemann et al. 2007). These food sourc-
es are commonly available in domestic waste,
close to human settlements (Elfstrom et al.
2014). Those are considered habituated bears,
showing a behavior that is not natural, unusu-
ally tolerant of human presence (Schwartz et
al. 2006). In search of food sources, particular-
ly when high densities are registered, bears are
approaching to human settlements and, if the
domestic waste is available the individual will
prefer this type of food, which can be obtained
easily without efforts (Gunther et al. 2004,
Rogers 2011). Nevertheless, the presence of
bears in the vicinity of human settlements is
often problematic, because they can cause seri-
ous damages (Raskaft et al. 2003).

The acquisition of the dietary preferences
and not only, is critical for both survival and
reproduction (Shettleworth 1998). Moreover,
the species that have prolonged juvenile-par-
ent relationships and then live solitary life de-
velop a primary opportunity for social learning
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(Breck et al. 2008). Most of the skills neces-
sary for survival, under the conditions of con-
tinuous search for what is needed and for trou-
ble avoidance, are learnt during the first two
years (sometimes they need only one year) of
their life in nature, while accompanied with
their mother (Gilbert 1999, Breck et al. 2008).
Each bear develops its own behavioral strat-
egy, exhibiting an individualism rarely seen in
animal kingdom (Huber et al. 1994). The only
common component may be the opportunistic
behavior; a bear quickly learns to go for an
easier way whenever possible. In natural situa-
tion this optimizes the use of potential benefits
of each situation. When this concerns the rela-
tion to man, the opportunistic behavior is typi-
cally not a safe way of life. It is for instance
much easier for a bear to eat large quantities of
food at a garbage dump, than to search for the
same amount over many kilometers (Huber et
al. 2005).

Aumiller & Matt (1994) argued that brown
bears could transmit human tolerance by ob-
servational learning from mother to offspring,
by social or cultural transmission. Similarly,
young bears may become food conditioned
through their mother’s behavior (Katajisto et
al. 2007, Madison 2008). However, Breck et
al. (2008) found no evidence of transmission of
food-conditioning behavior in the related line-
ages of black bears. The study of the social be-
haviors evolution depends critically on know-
ing the genetic relatedness between interacting
individuals (Queller & Goodnight 1989). In a
previous study, Hopkins (2013) suggested that
mother—offspring social learning is the pri-
mary mechanism responsible for black bears
foraging on human food in Yosemite. In addi-
tion, results also suggest that some bears are
innovators, learning to forage on human food
as independents. Eventually, he found no sup-
port for the genetic inheritance hypothesis.

To date microsatellites markers have been
used for gaining information about the level of
genetic diversity, population structuring, spa-
tial-genetic clustering, parentage, and move-
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ments of brown bear individuals (see Cotove-
lea et al. 2013a for references). Higher values
of expected (H )/observed heterozygosity (H )
and a high number of private alleles occurred
in the largest brown bear populations compared
to the smallest ones (Swenson et al. 2011).
Thus, a higher genetic diversity resulted for
Romanian brown bear population (one of the
largest population of Europe) when genetic pa-
rameters were considered (Cotovelea 2014a).
Other techniques for assessing genetic varia-
tion consists in determining the Fixation Index
(F-Inbreeding Coefficient) which is a measure
of the degree of consanguinity between two in-
dividuals and expresses the expected percent-
age of homozygosity arising from a given sys-
tem of breeding and the Analysis of Molecular
Variance (AMOVA) which is an important sta-
tistical procedure that allows the hierarchical
partitioning of genetic variation among popu-
lations (Peakall & Smouse 2006).

During the last two decades, habituated
bears have caused incidents in Romania and
were relocated from the proximity of different
cities. However, even if mothers transmit the
deviated feeding behaviour to their offspring
primarily via social learning or genetic inherit-
ance, managers should concentrate their man-
agement programs on preventing females and
their cubs from entering in developed areas,
by ensuring natural food resources in the wild
(Smith et al. 2005).

In this study we analyzed 145 individuals of
brown bear, using seven nuclear DNA regions.
Some individuals have originated from wilder-
ness, while others are habituated bears, trans-
located from Central Romania: Brasov, Azuga,
Predeal, Sinaia and Busteni. The study aimed
at assessing genetic diversity, determining
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cluster grouping and structuring of habituated
vs. non-habituated bears. This information will
contribute to a better understanding of the ef-
fects of bear’s habituation on long periods as a
direct consequence of deviated feeding behav-
ior transmission and crosses between kindred
individuals.

Materials and methods
Study site and sampling

All samples originate from Brasov and Pra-
hova districts, located in the central region of
Romania. The samples were classified in two
hypothetical groups: habituated and non-habit-
uated bears (Table 1). Samples from habituated
bears (82 individuals) have been collected dur-
ing translocation procedures (Wildlife Depart-
ment/ICAS) while samples from non-habitu-
ated bears (63 individuals) have been collected
during three different hunting seasons (2011
to 2014, under the incidence of three deroga-
tions), consequently, samples were stored in
95% ethanol (15 ml tubes).

Genetic analyses

DNA was extracted from a total of 145 brown
bear samples, using Macherey-Nagel extrac-
tion kit (Cotovelea et al. 2013a), following
the standard tissue protocol (Macherey-Nagel
2010). Seven polymorphic nuclear markers
were used to amplify regions of bear genome.
Microsatellites were labeled using three dyes
(CYS5, CYS5.5 and D2) and were divided into
three multiplex reactions: multiplex I (Mu50,
Mu59), multiplex II (G1A, Mu51), multiplex

Table 1 Origin, gender, and age class splitting of the analyzed individuals

Grou Total Adults Sub adults

p Females Males Females Cubs Males
Non-habituated 63 20 18 - 15
Habituated 82 20 26 12 16
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IIT (G10J, G10M) and a singleplex (G10D).
Loci were previously described by Paetkau
et al. 1995, Taberlet et al. 1997, Paetkau et al.
1998, Bellemain & Taberlet 2004. PCR reac-
tions were performed in 15ul mixture, contain-
ing 7.5pl of Qiagen Multiplex PCR Kit, 2ul of
DNA and fluorescently labeled markers (con-
centration depending on marker). Fragment
analysis was performed in a mixture of 40ul
consisting of SLS, Size Standard and PCR
product, using the FRAG-3 method on the
GenomeLab™ GeXP Genetic Analysis Sys-
tem. Alleles were scored using GenomeLab™
Software (Beckman Coulter, Inc).

Data analysis

Observed (H)) and expected heterozygosi-
ties (M), Fixation Index (F-inbreeding coef-
ficient), number of different allels (4); num-
ber of effective alleles (4,) were calculated
for each locus in GenAlEx v. 6.5 (Peakall &
Smouse 2006), likewise Principal Coordinates
(PCoA) analysis and AMOVA were generated
using the same software for testing individu-
als grouping (habituated vs. non-habituated).
In addition, statistical tests: Tukey, Newman-
Keuls’ and Duncan’s (XLSTAT software) were
run in order to check for statistical differences
between the heterozigosity mean values of the
two groups. KINGROUP software was used
(Konovalov et al. 2004) to determine groups
of kin that share a common relationship by es-
timating an overall likelihood for alternative
partitions. Statistical significance was assessed
by P-values using a Bonferroni correction for
multiple tests (Hochberg 1988).

We used a clustering method for inferring
population structure in STRUCTURE v. 2.3.4
(Pritchard et al. 2000, Falush et al. 2003, 2007,
Hubisz et al. 2009) based on Markov Chain
Monte Carlo (MCMC) method. Model admix-
ture was employed and has been set for 100 000
replicates followed by 50 000 burn-in length,
in order to determine the most likely number of
clusters of individuals (K). Values for K varied

from one to five ensuring five repetitions for
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each K. Both the posterior probability of the
data for the given value of K (Ln Pr(X|K)) and
its rate of change (4K) were used in detecting
groups (Evanno et al. 2005). The Population
v. 1.2.3.2 software (Langella 1999) was used
to calculate the Cavalli-Sforza (1967) genetic
distance, utilizing Neighbor joining clustering
algorithm (500 bootstraps), and the software
TreeView (Roderic 2000) for viewing phyloge-
netic tree. Furthermore, we calculated genetic
distance considering four groups: habituated
bears from Brasov (HabBV), habituated bears
from Prahova (HabPH), non-habituated indi-
viduals from Brasov (Non-habBV) and non-
habituated bears from Prahova (Non-habPH).

Results

A comparative analysis of habituated and
non-habituated bears (Table 2) indicated the
presence of a high genetic diversity for both
groups (H= 0.78 and H = 0.75). Habituated
bears group has registered a slightly lower
value for both expected and observed hetero-
zigosity than the non-habituated group (Table
2). However, the differences between the two
groups were not statistically significant (p >
0.05) and has resulted after applying all three
tests. However, some deviations have been
registered for the number of effective alleles,
non-habituated individuals recorded a slighly
higher number (N, = 4.90) than the habituated
ones (Table 2). A negative value of the fixation
index (F) have been registered, indicating an
excess of heterozygous, due to negative assor-
tative mating in both groups; for non-habitua-
ted individuals the value was slightly further
from zero indicating the presence of an excess
of heterozygous (Table 2).

Mean F value of 0.01, based on the varian-
ce of alleles frequencies between groups, has
indicated small differences among habituated
and non-habituated individuals at the seven
analyzed markers (data not shown). Using
the observed allele frequency distribution, we
randomly generated 1000 pairs of unrelated
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Table 2 Comparative values of genetic parameters for habituated bears and wild bears

Groups Locus N A A, H, H, F
Habituated G10J 82 9 3.70 0.77 0.73 -0.05
MUS50 82 12 475 0.73 0.79 0.07
MUS59 82 15  6.81 0.81 0.85 0.06
MUS51 82 4.22 0.81 0.76 -0.06
G10D 82 4.45 0.83 0.78 -0.07
Gl1A 82 4.45 0.88 0.78 -0.13
G10M 82 2.61 0.76 0.62 -0.23
Non-habituated G10J 63 12 3.02 0.76 0.67 -0.14
MUS50 63 11 5.56 0.83 0.82 -0.01
MUS59 63 15 8.78 0.94 0.89 -0.06
MUS1 63 8 473 0.84 0.79 -0.07
G10D 63 6 4.07 0.84 0.75 -0.12
Gl1A 63 7  5.02 0.87 0.80 -0.09
G10M 63 6 3.1 0.76 0.68 -0.12
Habituated Mean 82 9 443 0.80 0.75 -0.06
Non-habituated Mean 63 9 490 0.83 0.78 -0.09

Note. Abbreviations: N — number of individuals, 4 — number of different alleles, 4, — number of effective alleles, H -
observed heterozygosity, 1, - expected heterozygosity, / - fixation index.

individuals, 1000 pairs of siblings and 1000
pairs of full siblings. An unbiased method for
estimating the true relatedness between in-
dividuals was used, and the results indicated
the highest number of related individuals in
habituated bears group (p < 0.1%) (data not
shown).

The number of private alleles calculated
for the non-habituated bears vs. habituated
bears (Figure 1), registered a higher value for
the first group (11), respectively a higher fre-
quency corresponding to the same group (4%).
Private alleles appearance is correlated with
the migrant’s number per generation between
groups and indicates the ongoing gene flow.
Thus, non-habituated individuals group re-
cords a panmitic structure, while kinship struc-
turing of habituated bears can lead to negative
effects arising inbreeding.

Two percent differentiation in molecular va-
riance between the two groups was registered
after applying AMOVA test; the differences

are small and somewhat anticipated, if we con-
sider the large distances which are being used
by brown bears for movements. Therefore we
conclude that might have captured the influen-
ce of related bears lineages. Hence, the higher
genetic differences are found inside groups.
Bayesian clustering analysis indicated the
presence of four groups, when AK analysis
was performed (Evanno et al. 2005). However,
this result was considered ambiguous due to
analysis of the mean of estimated Ln probabil-
ity of data (data not shown) indicated the pres-
ence of one group. This result can be caused
by the strong kinship structure of the habitu-
ated individuals. Individual family grouping
of habituated bears from Brasov, respectively
Prahova, can determine the occurrence of the
four groups (Figure 2). A priori analysis of the
Bayesian histogram has indicated the uncer-
tainty of the 4K analysis (data not shown); the
genetic clusters have not shown a clear differ-

entiation, each group indicating a mixture of
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Figure 1 Private alleles frequency for wild bears (non-habituated) (left) and habituated bears (right)

Axis significance: on X is the allele length in base pairs (bp) and on Y the allele frequency. In non-habitu-
ated bears, the allele 177 registered the highest frequency (0.04) and the total number of private alleles is 11,
while in habituated bears the allele 93 registered the highest frequency (0.02) and the total number of private

alleles is 8.
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Figure 2 Histogram resulted from Bayesian analysis for habituated vs wild

individuals

K = 2; Number 1 represents habituated bears group, while number 2 is the wild bears
group. Each bar represents an individual. The two green and red colors represent cluster
number (K = 2) highlighting the likelihood probability of belonging to first or to the second
cluster. b) K = 4; Number 1 represents HabBV, 2 — HabPH, 3 — Non-habBV, 4 — Non-
habPH. Each bar represents an individual. The four green, red, blue and yellow colors
represent cluster number (K = 4), highlighting the likelihood probability of belonging to

one of the four clusters.

bear individuals belonging to the groups (Fig-
ure 2).

Results indicated the presence of three clus-
ters, with a high bootstrap support of 77%.
First cluster consisted in the two habituated
groups, thus indicating the gene flow presence
between them, while second and third clus-
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ter consisted in Non-habBV and Non-habPH
(Figure 3).

When the unbiased method for estimating
the true relatedness between individuals was
used (we randomly generated 1000 pairs of
unrelated individuals, 1000 pairs of siblings
and 1000 pairs of full siblings), we have found
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Figure 3 Neighbor joining dendrogram (TreeView) for the four groups based on Cavalli-Sforza

genetic distance

The four groups are divided in three clusters: Non-habPH (non-habituated individuals from Prahova) and Non-
habBV (non-habituated bears from Brasov) as two separated clusters and the two habituated groups from
Brasov and Prahova (77% bootstrap support) which are been grouped in one cluster.

the highest number of related individuals in
habituated bears from Prahova (p < 0.1%; 50),
followed by habituated individuals from Bra-
sov (p <0.1%; 16). Wild individuals from both
regions (p < 0.1%; Ph: 7; Bv: 10) registered
lower values (data not shown).

The genetic parameters generated for the
four groups indicated a high value of genetic
diversity for all analyzed groups: Non-habBV
(H=0.77), HabBV (H, = 0.75), Non-habPH
(H,= 0.74) and HabPH (H, = 0.74), respec-
tively (data not shown). However, the results
obtained for the group Non-habPH should be
interpreted with caution, due to the smaller
number of samples by comparison with the
others.

The differences between the four groups did
not receive support via PCoA analysis while
AMOVA test indicated the presence of a lower
percentage (3%) differences in molecular
variance between the four groups (data not
shown). Even so, the higher differences regar-
ding the genetic structuring, are found within
the groups (data not shown). Overall, the re-
sults indicated no clear differentiation between
the four populations, ultimately an unsurpris-

ingly result, if we consider the bear ethology
(a large mammal which moves on long dis-
tances).

Discussion

The level of genetic diversity observed in this
study (if we consider the two groups) is lower
than reported in previous studies for Romanian
brown bear population (= 0.80) (Cotovelea
2014a). However, the comparison should be
treated with caution, due to the lower number
of microsatellites analyzed in this study. The
number of different alleles is smaller likewise
from those obtained by Cotovelea (2014a),
but similar with those obtained by Zachos et
al. (2008), where a similar set of markers were
analyzed.

Results of the first analysis, when two groups
were considered, indicated a higher value for
genetic diversity and private alleles numbers
of the wild bears group, while the analysis of
fixation index revealed a slightly higher va-
lue for genetic inbreeding in habituated bears.
Nevertheless our results indicate the presence
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of gene flow between the two groups; differ-
ences between the values of genetic param-
eters are likely to occur due to the presence of
kinship structure in habituated bears group.

Genetic differentiation of habituated group
of bears, which seems to present a kinship
structure, emerges in the fact that these indi-
viduals are predominantly mothers and their
offspring, who have acquired additional be-
havior of feeding on waste deposited at the pe-
riphery of localities: Brasov, Busteni, Sinaia,
Azuga and Predeal. However, this division into
the two groups showed no statistical support,
when the mean of estimated Ln probability of
data and Bayesian histogram have been ana-
lyzed. Ultimately the hypothesis of dividing
individuals in two distinct genetic clusters was
rejected. This result has received no support
when the mean values of the heterozygosity of
the two groups were tested. The mean number
of different alleles was equal for both groups,
the differences appears when we consider the
number of effective alleles, thus a higher value
has been registered by the bears from wilder-
ness.

On the other hand, Neighbor joining analy-
sis implemented for the four groups indicated
a clear separation in three clusters: one cluster
represented by the habituated bears and the
other two by the wild ones. We consider that
the presence of such separation is determined
by the number of private alleles and by the
kinship structure of habituated bears. We need
to highlight the presence in the same cluster
of both habituated groups thus confirming the
gene flow ongoing between them and simila-
rities between related lineages. Two clusters
grouping of the wild individuals (Brasov and
Prahova) can raise a question about the absen-
ce of interbreeding with habituated bears, sam-
ples being located on the opposite sides of the
national road (DN1) can suggest a gene flow
discontinuity. In a subsequent research, we
are going to consider a gene flow simulation
between individuals, in order to test the land-
scape resistance on brown bear movements in
the area (Cotovelea 2014b). Even if AMOVA
88
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test indicated the presence of tree percent of
genetic differences between the four groups,
result did not correspond with PCoA analysis,
where no separation between the four groups
was revealed. Likewise hypothesis of sepa-
rating the four groups did not receive support
from the Bayesian analysis.

Only several reports have addressed to com-
parison between habituated bears and wild
(non-habituated) individuals (Breck et al.
2008, Madison 2008, Hopkins 2013). It should
be noted that Romanian population records
one of the highest value for brown bear densi-
ties (Ionescu 1999, Jerina et al. 2013), which
can often lead to the appearance of deviated
behavior (Elfstrom et al. 2014). Therefore the
number of habituated bears in the past ten to
twenty years registered an increasing trend,
following the trend of increasing population
size on national level (Cazacu et al. 2014).

Conclusions

The lack of sub structuring of habituated and
non-habituated bear groups based on model
clustering indicated the presence of gene flow
via male bears dispersing from wilderness,
maintain thus genetic diversity, and remain de-
void of problems associated with genetic isola-
tion and inbreeding. This genetic information
exchange can be ensured only if the groups are
not isolated and is mainly correlated with land-
scape resistance to bear’s movements.
Neighbor joining analysis of the four groups
indicated a clear separation in three branches,
however the presence of such separation is de-
termined by the number of private alleles and
the kinship structure of habituated bears. The
emergence of genetic differences between the
groups (non-habituated and habituated) can be
avoided by preventing bears to become human-
food conditioned, over time kinship structure
representing a threat to gene diversity. Habitu-
ated bears groups are reliant on periodic gene
flow, thus via species management, male bears
dispersing from wilderness should be ensured,
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thereby maintaining genetic diversity, and pre-
venting the appearance of problems associated
with inbreeding.
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