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The brown bear (Ursus arctos) in Greece is considered endangered but little is
known about the genetic status and the exact size of local populations. Non-
invasive genetic sampling was used in this study to investigate the genetic diversity
and genetic structure of the brown bear population in the Kastoria region (north-
west Macedonia, Greece) and to estimate its population size. Estimation of
demographic parameters was based on innovative, well-evaluated methods that
can provide estimates from a single sampling session. DNA was extracted from
hairs, scat and blood samples and subsequent amplification of 10 microsatellite
loci allowed the identification of a minimum number of 75 living bears in the study
area while the mark–recapture-based analysis resulted in a point estimation of 219
individuals. Relatively high diversity values, lack of heterozygosity deficiency as
well as estimated effective population size, support the Kastoria bear population
having good conservation status.
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Introduction

The brown bear (Ursus arctos), the largest carnivore in Europe, has suffered severe
population bottlenecks in the past, mainly because of human persecution and habitat
degradation, resulting in shrinkage of both its geographical range and abundance.
Despite these demographic and habitat pressures, brown bear populations in Greece
have managed to survive and the population appears to be stable at around 190–400
individuals, which are split into two independent populations (Mertzanis et al. 2009a;
Karamanlidis 2011). The most significant population, in the western part of the
country, is part of the Dinaric-Pindos biological population (one of the largest in
Europe estimated at 2800 individuals), and the smaller one in the northeastern part of
the country is part of the Eastern Balkan population (Linnell et al. 2007). Significant
conservation actions and measures during the last two decades, mainly under the
LIFE Programme, seem to have substantially contributed to bear population recov-
ery in Greece. Recent re-colonization of areas of historical distribution clearly indi-
cate positive population trends at a local scale (Mertzanis et al. 2009b). Nevertheless,
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the brown bear is still considered endangered in Greece, mainly because of human-
related threats such as poaching, traffic fatalities, or habitat fragmentation due to
large infrastructure development, which continues to affect its survival potential
(Mertzanis et al. 2009a).

Census population size (Nc), effective population size (Ne) and genetic diversity
are significant parameters to assess the population status. It is well known that small
populations are more vulnerable to demographic and environmental stochasticity,
genetic drift and inbreeding, which increase the probability of extinction (Soulé 1987).
Reliable estimations of population size and evaluation of the genetic status are crucial
for conservation planning and the proper management of endangered species or
populations. Despite the conservation status and the necessity for targeted manage-
ment projects, very few systematic studies have been conducted so far at a local scale
in Greece for bear populations (e.g. Mertzanis 1994; Karamanlidis et al. 2012).

The bear population of the Kastoria region is considered to be a significant part
of the larger and geographically more extended bear population of the Pindos
mountain range in western Greece. During recent years, increased bear–human
interference incidents in this region are probably related to an increase in bear
population density, and have multiplied bear–human conflict situations. Moreover,
the recent construction of the Egnatia highway segment “Siatista–Krystallopigi”
(KA45) added a new threat to the survival of the indigenous bear population because
of numerous lethal bear–vehicle collisions. Lack of appropriate mitigation structures,
as well as the existence of a non-bearproof highway fence, are considered to be the
main reasons for these accidents. These problems combined with a lack of knowledge
on basic bear population parameters in Kastoria have made the systematic monitor-
ing and evaluation of its conservation status a necessity.

Bears are difficult to monitor because they are elusive, solitary and occur at low
densities. Non-invasive genetic sampling (NGS) has been proposed as a reliable
alternative sampling method not only for the genetic study of rare or cryptic animal
species but for the estimation of their abundance as well (Kohn and Wayne 1997;
Kohn et al. 1999; Bellemain et al. 2005; Waits and Paetkau 2005; Luikart et al. 2010).
The main advantage of NGS is that no capturing or handling of animals is required.
Although at first there were significant concerns about the genotyping reliability of
NGS and the inflating effect that genotyping errors may have on DNA-based
abundance estimates (Taberlet et al. 1996; Gagneux et al. 1997; Creel et al. 2003;
McKelvey and Schwartz 2004), numerous studies have shown that NGS can provide
reliable and accurate information (e.g. Lathuillière et al. 2001; Waits and Paetkau
2005; Sawaya et al. 2011). As a result, most of the recent publications concerning
ecology, demography, population genetics or phylogeography of bears have incorpo-
rated NGS methods (Gervasi et al. 2008; Pérez et al. 2009; De Barba et al. 2010a;
Sawaya et al. 2012; Schregel et al. 2012). In addition, Karamanlidis et al. (2010, 2012)
tested the efficiency of implementation and reliability of these methods on brown bear
populations in Greece and proposed specific protocols.

The purpose of this study, which is part of an ongoing LIFE project (LIFE09
NAT/GR/000333–Action A3), was twofold: (1) to estimate the genetic diversity and
describe the genetic structure of the bear population in the Kastoria region, and (2) to
estimate the population size (census and effective) based on NGS and genetic mark–
recapture data. The results of this study are expected to have direct implications in the
management of bear populations in the study area while this paper can assist
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conservation efforts for the species in Greece, providing methodological and practical
guidelines for larger-scale monitoring programmes based on NGS in the future.

Material and methods

Study area

The study area is located in northwestern Greece and to a great extent overlaps with
the prefectural unit of Kastoria (Figure 1). Large parts of the Gramos and Voio
mountains, which belong to the northwestern Pindos range, and the valleys of the
Sarantaporos and Aliakmon rivers, are included. The study area is delineated west-
wards by the Sarantaporos river, eastwards by the Vernon and Askio mountains,
southwards by the Aliakmonas river in the Kozani prefectural unit and northwards
by the border with Albania and the prefecture of Florina. It covers 1720 km2 at
altitudes that range between 400 and 2520 m above sea level. The study area is
covered by dense forests, partially forested areas, grasslands and cultivations. Forest
vegetation is composed of black pine (Pinus nigra), oak (Quercus sp.) and beech
(Fagus sp.) whereas cultivations comprise corn fields, wheat fields and orchards. A
large part of the study area is characterized by medium- to high-density human
settlements (villages of 50–100 and > 500 inhabitants). A high-density road network
(1.5 km/km2) supporting human activities, the recent construction and operation of
highway KA45, and a relatively high level of hunting pressure are among the human-
related disturbance and mortality factors.

Sampling

Recent non-invasive genetic studies of small bear populations have shown that the
optimal sampling strategy should combine systematic hair trapping and opportunistic
sampling of faeces and hairs, because the pooled data allow increased bear identifica-
tion possibilities and they are suitable for population size estimation (Gervasi et al.
2008; Pérez et al. 2009; De Barba et al. 2010b).

Hairtraps on power poles are one of the sampling procedures that have been
suggested for non-invasive genetic studies of brown bears and they have been effec-
tively implemented in Greece (Karamanlidis 2008; Karamanlidis et al. 2010). A
permanent sampling network of 110 hairtraps was installed in the study area and
was revisited monthly from July to December 2011. The initial selection of the poles
was made after inspection of the local power pole network for recent bear signs (claw
marks, hairs or mud). All hairs found on one barb of the barbed wire on a given
power pole were considered as one sample and stored dry with silica gel at room
temperature in a paper envelope. In total, 129 hair samples were collected.

In addition, 42 hair samples were collected with barbed wire attached on the fence
of highway KA45. The hairtraps in that case were placed on both sides of the
highway – focusing on the spots where bears could easily clear the fence – and
revisited on a regular (every 2–3 days) basis for 2 months (October and November
2011).

To further increase sampling size and coverage, we included 46 faecal samples
opportunistically collected during regular field surveys from July to December 2011.
For species producing large faeces (i.e. brown bear), it is generally not necessary to
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Figure 1. The study area in Kastoria region and capture locations (red dots) for the 75 living
bears.
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collect the whole scat and hence a subsample of it is often taken in the field. To
maximize DNA quality, the outside portion of bear scats was preferably collected
according to Stenglein et al. (2010). Faecal samples were stored in plastic tubes
containing absolute ethanol and preserved at -20°C.

Fifteen blood samples were also included in the analysis. These samples came
either from bears that were victims of vehicle collisions (nine samples) or from live
bears trapped for telemetry purposes (six samples). Blood samples were stored in
collecting tubes at -20°C.

Molecular analysis

DNA extraction

Generally, 2–12 guard hairs per sample were used for DNA extraction. Under a
stereoscope hair roots were cut and transferred to a 1.5-ml tube. DNA was extracted
from hair roots and blood samples using the QIAmp Mini Kit of Qiagen (Hilden,
Germany) following the manufacturer’s instructions. For scat samples, a QIAmp
DNA Stool Mini Kit from Qiagen was used with slight modifications of the manu-
facturer’s protocol (available on demand). A small quantity of faecal material (180–
220 mg) was scraped off the outer part of each sample using sterile spoons and was
left to dry under a fume hood. All extractions from faecal samples took place in a
separate facility to avoid contamination. In addition, extraction-negative controls
were used. The low quantity of DNA obtained from hair and faecal samples does not
allow for direct testing of successful extraction in agarose gel. For this reason,
extracted samples were initially amplified with one pair of the selected microsatellite
loci and then the polymerase chain reaction (PCR) product was visualized by agarose
gel electrophoresis.

Marker amplification

Ten brown bear microsatellite loci were used in the present study: G1A, G10L, G10P,
G10C, G1D (Paetkau et al. 1995), Mu26, Mu59 (Taberlet et al. 1997), G10H
(Paetkau et al. 1998), G10X (Taberlet et al. 1997; Paetkau et al. 1998) and Mu50
(Bellemain and Taberlet 2004). The amplified loci were combined into three
Multiplex PCR to reduce the amount of DNA , the total number of reactions per
experiment and also the quantity of reagents required. Therefore, we designed three
multiplex reactions with different primer concentrations: multiplex A (G10H 0.8
pmol/μl, G1D 1 pmol/μl, G10 × 1 pmol/μl), multiplex B (G1A 1 pmol/μl, G10P 2
pmol/μl, G10C 1 pmol/μl) and multiplex C (Mu59 1 pmol/μl, G10L 1 pmol/μl, Mu50
1 pmol/μl). Only locus Mu26 was amplified in a single reaction. Multiplex PCRs were
performed in 10-μl reactions that included 5 μl of Qiagen Buffer from the Qiagen
multiplex PCR kit, primers and 30 ng of genomic DNA. Thermocycling was per-
formed using an initial step of 95°C for 15 min, followed by 35 cycles of 94°C for
30 seconds, 57°C for 1.5 min, 72°C for 1 min with a final extension in 60 °C for
15 min. Microsatellite loci were labelled in 800 nm and microsatellite analysis was
performed in a semi-automated Li-COR 4200 DNA Analyzer® whereas genotypic
data were obtained using SAGA software®.
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The multi-tube approach was used in all samples to decrease the probability of
genotyping errors. For this reason, two PCRs per locus were initially performed for
each sample following the method of Adams and Waits (2007). An allele was
accepted only after it was observed twice, otherwise a third PCR was performed
and compared with the genotypes of the first two amplifications.

Sex identification

Sex identification was performed using the primers described by Pages et al. (2009),
which co-amplify a bear-specific Y marker (SRY gene) and a bear-specific internal
PCR control (ZF gene). PCR amplification was accomplished using the following
conditions: initial denaturation at 94°C for 5 min, 40 cycles of strand denaturation at
94°C for 30 seconds, annealing at 55°C for 30 seconds and elongation at 72°C for
45 seconds. Final elongation was achieved at 72°C for 7 min. Amplifications were
performed with a reaction volume of 20 μl, containing 2 μl of 10× Reaction Buffer,
0.2 μl of 10 × bovine serum albumin, 0.25 mM dNTPs, 1 pmol/μl of each SRY
primer, 6 pmol/μl of each ZF primer and approximately 50–100 ng of template DNA.
Visualization and control of the PCR products were achieved by electrophoresis in
1.5% agarose gel.

Statistical analysis

Genotyping reliability – markers suitability

DROPOUT software (McKelvey and Schwartz 2005) was used to determine whether
a sample contained genotyping errors, the relative magnitude of the problem as well
as the number of unique genotypes. For all the genotypes for which a discrepancy was
detected between the first and the second PCR amplification the program
RELIOTYPE (Miller et al. 2002) was used to detect if the reliability level of 95%
was reached after the third PCR amplification (the minimum acceptable level). In the
final data set, we retained only genotypes with average reliability scores ≥ 95%.

To evaluate the suitability of the marker set for identifying individuals, the
probability of identity (PID; Paetkau and Strobeck 1994) and the more conservative
probability of identity among siblings (PID-Sib; Waits et al. 2001) were estimated using
the software GIMLET v. 1.3.2 (Valiere 2002).

Genetic diversity and inbreeding

Observed (Ho) and expected (He) heterozygosity values for each locus were calcu-
lated using GENEPOP 4.0 (Rousset 2008). Deviation from Hardy–Weinberg equi-
librium was tested using Fisher’s exact tests (Rousset 2008) with unbiased p-values
derived by a Markov chain method with the same software. The significance value
for multiple significance tests was set using the sequential Bonferroni procedure
(Rice 1989). CERVUS 3.0.3 (Kalinowski et al. 2007) was used to evaluate poly-
morphic information content, null allele probability and number of alleles for each
locus.
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Population structure and demographic history

The numbers of genetic clusters (K) was inferred using STRUCTURE 2.3.4
(Pritchard et al. 2000; Falush et al. 2007). The method uses a Bayesian clustering
algorithm to partition individuals into a given number of populations (K) under the
assumption of Hardy–Weinberg equilibrium and linkage equilibrium. The admixture
model was used, allele frequencies were assumed to be independent and analyses were
conducted with a burn-in period of 50,000 followed by 750,000 Markov chain Monte
Carlo repetitions. We ran STRUCTURE setting the number of clusters (K) from 1 to
5 (with 10 runs for each K) to determine the most likely number of clusters repre-
sentative of the data. The most probable value of K was inferred from the mean log-
likelihood of the 10× [LnP(D)] values according to the criteria by Pritchard et al.
(2000). K with the highest likelihood and consistency between runs was chosen as the
most appropriate.

A factorial correspondence analysis implemented in the program GENETIX
v. 4.05.2 (Belkhir et al.1996, 2004) was performed to graphically visualize the genetic
relationship between individuals and inferred groups. In addition, an exclusion test
(Cornuet and Luikart 1996) for detecting potential immigrants in the population was
performed using the software GENECLASS v. 2.0 (Piry et al. 2004), applying the
frequency-based method (Paetkau et al. 1995) and the simulation algorithm of
Paetkau et al. (2004).

To test for recent genetic bottlenecks, deviations from expected heterozygosity
were inferred under the assumption of mutation drift equilibrium by either a stepwise
mutation model or a two-phase model using the program BOTTLENECK 1.2.02
(Cornuet and Luikart 1996). The data were analysed with the recommended settings
(Piry et al. 1999).

Estimation of census (Nc) and effective (Ne) population size

Census population size was estimated using the estimator implemented in the cap-
ture–mark–recapture-based programme for NGS CAPWIRE (Miller et al. 2005). In
traditional trap-based mark–recapture studies, an individual may be captured only
once per session. Estimating population size has focused on estimating the probability
of capture for each individual in each session. An important difference in the data
arising from DNA-based mark–recapture studies is that sampling is approximately
done with replacement. That is, since an individual is not physically confined at any
time, it may leave multiple hair tufts or scats at multiple locations during a sampling
session. CAPWIRE accommodates data with multiple observations of an individual
within a single session and has been shown to work well with capture heterogeneity
and small populations (< 100 individuals), such as the one expected in our study area
(Miller et al. 2005). Possible capture heterogeneity in our data, due to the collection
of genetic samples from power poles (Karamanlidis et al. 2007, 2010), necessitated the
use of the two innate rates model for the calculation of population size.

The effective population size Ne of the brown bear population was estimated
using one-point estimate methodologies implemented in NeESTIMATOR 1.3 soft-
ware (Peel et al. 2004). Ne was calculated using the linkage disequilibrium method
option of NeESTIMATOR. Results were also compared with the one-point Ne

estimate given by ONeSAMP 1.2 (Tallmon et al. 2008). This software uses
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summary statistics and approximate Bayesian computation to estimate Ne from a
single sample.

Results

Individuals and sex identification

The total number of samples collected in the field during the whole sampling season
was 232 (171 hair samples, 46 scat samples and 15 blood samples). However, 18 hair
samples had no hair root and they were not included in the analysis. DNA was
successfully extracted from 116 hair samples (76%), 22 faecal samples (48%) and 12
blood samples (80%). The quality of the hair root was very important for the
successful DNA extraction; in more than 10 cases the use of only two or three
high-quality hair roots was sufficient to obtain amplification in all the selected
microsatellite loci.

The multi-tube PCR approach was used for hair root and faecal sample ampli-
fication to decrease genotyping error. Furthermore, multiplex PCR procedures,
which co-amplify several loci in the same reaction and so decrease workload and
cost, and enable a more efficient use of the template DNA (Skrbinsěk et al. 2010),
were applied. Hence, from the successfully extracted DNA samples, 86 hair, 20 faecal
and 12 blood samples were fully genotyped for the 10 loci and they were used for
further analysis. From the 1060 genotypes obtained in non-invasive samples, only 28
(2.6%) differed in the alleles between the first and second PCR and so a third PCR
was performed. In the final data set, 16 genotypes were rejected because they retained
average reliability scores < 95%.

In total, 82 unique genotypes were identified representing 82 different bears. No
mismatches were recorded when analysing blood and hair or faecal samples from the
same individual. Sex identification was achieved in 72 individuals and the majority of
them (48 individuals) were males. The male : female ratio was 2 : 1.

Genetic diversity

All loci in the study were polymorphic, with the number of alleles per locus ranging
between 3 and 10 and a mean of 5.8 (Table 1). Mu59 was the most variable locus with
an observed heterozygosity value of 0.771, whereas G10X was the least polymorphic
with an observed heterozygosity value of 0.085. More than 70% of the selected
markers had high polymorphic information content, showing how informative these
markers were in evaluating genetic diversity (Table 1). The probability of identity
among siblings (PID-Sib) was < 0.01, recommending that the data can be used for
population size estimation (Waits et al. 2001).

Concerning Hardy–Weinberg tests per locus, only G10P and Mu26 loci show
deviation from equilibrium at a nominal level of 5%, possibly due to null alleles
(F = 0.146 and 0.124, respectively, Table 1). The population showed deviation
from the Hardy–Weinberg equilibrium, but when the G10P locus was excluded
from the analysis, the population was in equilibrium (P = 0.089). The inbreeding
coefficient value over all loci was very low (FIS = 0.07) indicating a lack of
heterozygosity deficiency. The mean observed heterozygosity was 0.584 and the
expected was 0.548.
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Genetic structure and demographic history

STRUCTURE analysis results (Figure 2a) provided the strongest support for the
partitioning of the genetic variation into only one cluster, indicating that the bear
population in the Kastoria region shows no sign of substructure and it can be
regarded as panmictic. This result was also supported by factorial correspondence
analysis (Figure 2b), as only one cluster of individuals was identified. One individual
most likely did not originate from the sampled population (exclusion test, P < 0.0001)
and was probably an emigrant.

Tests for bottleneck phenomena were not significant for both stepwise and two
mutation phase models for any sample (0.306 < P < 0.13 and 0.2 < P < 0.4,
respectively) and showed normal L-shaped distributions in mode shift. Hence, the
analysis showed no evidence of a recent genetic bottleneck.

Census and effective population size

In total, 82 individuals (Ursus1–Ursus82) were identified according to their composite
genotype. Sixty-nine individuals were detected from hair or faecal samples, while six
individuals were detected from blood samples taken from living bears that were
caught for radio-tracking or survived from vehicle collisions. The remaining seven
individuals were victims of collisions and so they were excluded from the living
population. Therefore, the minimum population size of bears in the Kastoria region
during 2011 was according to our results 75 individuals. The sampling locations of all
living bears identified in this study are presented in Figure 1. To estimate the effective
(Ne) and the census (N) population size only these 75 living individuals were used.

The number of “captures” per individual ranged from one to six. Most of the
individuals (58) were “captured” only once but 17 bears were “recaptured” once or
more. Details about the number of, date of and maximum distance between recap-
tures are given in Table 2. For the majority of the cases, the “recapture” samples were

Table 1. Number of alleles (A), allelic size range in base pairs (R), observed and expected
heterozygosity (Ho, He), probability value for Hardy–Weinberg tests (PHW), polymorphic
information content (PIC), null alleles per locus (F), probability of identity (PID) and the
probability of identity among siblings (PID-Sib) for the Kastoria brown bear population.

Locus A R Ho He PHW PIC F PID PID-Sib

G10C 6 97–107 0.728 0.766 0.480 0.722 0.021 8.77E-02 3.85E-01
G10P 5 137–157 0.513 0.700 0.004 0.642 0.146 7.23E-03 1.49E-01
G1A 5 180–194 0.720 0.635 0.400 0.574 −0.079 6.97E-04 5.86E-02
G10X 3 134–152 0.085 0.083 1.000 0.080 −0.012 6.61E-05 2.32E-02
G1D 6 171–183 0.709 0.762 0.287 0.722 0.029 9.65E-06 1.02E-02
G10H 6 226–260 0.573 0.588 0.054 0.524 0.009 1.86E-06 4.90E-03
G10L 5 146–166 0.402 0.422 0.114 0.398 0.007 4.35E-07 2.53E-03
Mu50 6 100–110 0.765 0.771 0.337 0.737 −0.000 1.56E-07 1.60E-03
Mu59 10 220–252 0.744 0.773 0.937 0.739 0.019 7.29E-08 1.12E-03
Mu26 6 180–200 0.244 0.331 0.031 0.311 0.124 6.15E-08 1.03E-03
Mean 5.8 0.584 0.548 0.009 0.545
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collected at different locations but within small distances (maximum distance: 12 km).
The sex ratio for the individuals that were recaptured was 11 males/6 females.

The analysis with program CAPWIRE, which is based on the number of captures
and recaptures (Table 2), assuming that all samples have been collected in a single
sampling session, resulted in a point estimation for Nc of 219 individuals. The 95%
confidence interval (95% CI) was 145–271 individuals; 17 individuals were classified

Figure 2. (A) Means of estimated LnP (Data) and standard deviations for K = 1 to K = 5. (B)
Factorial correspondence analysis plot of multilocus genotypes for 82 brown bear individuals
identified in the present study.
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as easier to capture (type A), and the remaining 202 as harder to capture (type B).
Point estimates of Ne using NeESTIMATOR gave a mean value of 48.7 (95% CI
37.1–65.1). When applying the OneSAMP software, values of Ne were somewhat
lower: 39.5 (95% CI 29.2–65.3).

Discussion

Reliability of NGS and sampling procedure

Non-invasive sampling of hair and faeces (as performed in our study) proved to be an
efficient method for obtaining adequate genetic data on the brown bear population in
the Kastoria region, without handling or disturbing the animals. The choice of a
combined sampling strategy (mainly systematic hair sampling but also opportunistic
faecal sampling) allowed us to collect a sufficient number of samples providing a
larger number of identified bears. In fact, the collection of 46 faecal samples allowed
the identification of 17 more bears, which otherwise would have been excluded from
the analysis. From a total of 217 non-invasively collected samples, we managed to
fully genotype 106, resulting in an almost 50% total rate of success. These rates are
within the range of values reported in other non-invasive genetic studies of bears and
it can be considered acceptable in terms of cost effectiveness (Kohn et al. 1999;
Solberg et al. 2006; Pérez et al. 2009; Sawaya et al. 2012).

A major concern about NGS is the accuracy of results because genotyping of
samples collected in this way is prone to genotyping errors (allelic dropout, false
alleles) (Waits and Paetkau 2005). Genotyping errors can inflate the number of
identified individuals in a data set, so checking for genotyping accuracy is necessary
to avoid misleading results. Implementation of the multi-tube approach was chosen
as an appropriate method for controlling genotyping errors (Pompanon et al. 2005).
Consistency of genotypes in both PCRs for the vast majority of samples and final
rejection of very few genotypes (1.5%) with average reliability scores < 95% strongly
support the reliability of bear identifications in our study.

High success rates of DNA extraction and amplification, low rates of genotyping
errors and lack of mismatches between blood and non-invasive samples from the
same individual confirm the reliability of the NGS methodology that can provide
good-quality data. However, specific considerations for the sampling procedure that
could improve the quantity of the collected data in future surveys would be useful to
report at this point. The sampling period for hair trapping in our study lasted from
midsummer till early winter. According to Karamanlidis et al. (2010) the best period
for collecting hair from the power poles is late spring and early summer because of
the intense marking and rubbing behaviour of brown bears during the mating season.
However, specific technical constraints hampered the beginning of our sampling at
this period. A better description of bear distribution and possible identification of
seasonal movements are expected in the forthcoming sampling sessions, by taking
advantage of the installed permanent hairtrap network for collecting hair samples
throughout the year. In addition, the collection of more samples will provide more
solid statistical analysis and more accurate estimations of population size.

One of the main drawbacks of using hairtraps on power poles for collecting hair
samples is that the availability and geographical distribution of power poles deter-
mine the sampling scheme and capture probabilities that may lead to uneven
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sampling intensity. In our study, most of the collected hair samples, and consequently
most of the identified bears, were located in the central part of the Kastoria pre-
fectural unit (see Figure 1) whereas very few samples were collected in the neighbour-
ing mountainous regions. In the remote forested areas a dense power pole network
does not usually exist. This fact hampered the establishment of an evenly distributed
sampling network in our study area. Opportunistic sampling of faeces was used to
overcome the problem, although the number of suitable faecal samples collected was
not large enough for a detailed description of bear distribution throughout the study
area. Hence, extensive scat sampling, baited hairtraps (Sawaya et al. 2012) or haitraps
on rub trees (Woods et al. 1999) could be proper – albeit more laborious – alternatives
for collecting more genetic samples in those areas where the power pole network is
sparse.

Moderate levels of diversity and lack of genetic structure

The bear population of Kastoria exhibits medium to high levels of nuclear genetic
diversity, lower than that reported for large populations of north Europe, Romania
or Russia but higher in comparison with some small populations in central and
southern Europe (see Swenson et al. 2011). Isolated, endangered bear populations
in Spain and Italy for instance that have suffered severe historical demographic
bottlenecks show low values of observed heterozygosity (Ho = 0.28–0.44) and very
few alleles per locus (A = 1.7–3.3) (Lorenzini et al. 2004; Pérez et al. 2009). In
contrast, the Kastoria bear population seems to retain significant levels of genetic
diversity (Ho = 0.58, A = 5.8), and our analysis with BOTTLENECK software failed
to detect a recent bottleneck event. Although there is no information about the
demographic history of bears in Kastoria, the possibility of an older or not severe
bottleneck (not detectable by the software) and subsequent population recovery of the
local population cannot be excluded.

No evidence of substructure or heterozygosity deficiency was detected, indicating
the existence of a panmictic population that faces a low risk of inbreeding. The KA45
highway disrupts the bear habitat in Kastoria but it is too early to test whether this
acts as an effective barrier because it has only been in operation for 3 years.
Preliminary telemetry data on bear spatial behaviour over a sample of six bears
monitored in the study area in 2011 show that home ranges do not seem, at least at
this stage, to be confined by the highway (Mertzanis and Iliopoulos 2011). Genetic
recaptures of some individuals on both sides of the highway during this study confirm
the occasional permeability of the KA45 highway. Especially for the part of the
highway between Dryovouno and Vogatsiko villages, the frequency of crossings by
bears seems to be significantly higher (Mertzanis and Iliopoulos 2011). Nine bears
were “captured” at hairtraps attached on the highway fence of this section during a
period of less than 2 months. Four of them were females, probably accompanied by
cubs.

Effective population size (Ne) estimated in our study (40–49 individuals, depend-
ing on the analysis), was close enough to the minimum threshold of 50 individuals,
which is supposed to be adequate for avoiding inbreeding depression (Frankham
et al. 2002). Hence, relatively high diversity values, lack of heterozygosity deficiency
and the Ne values, support the Kastoria bear population being in good conservation
status and at least within the near future, it will not be at risk of genetic depletion.
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Kastoria region is part of the bear distribution range of northwestern Greece
which encompasses the Pindos mountain range and the attached massifs. A bear
population in central Pindos (Grevena region) has also been studied by Karamanlidis
et al. (2012). Similar genetic diversity values (Ho = 0.65, A = 5.6), and a lack of sub-
structuring were also reported. Significant levels of ongoing gene flow between
contiguous populations of the Pindos range (e.g. Tymfi, Smolikas, Grammos) and
the attached massifs like Askio or Vernon into a meta-population concept (Hanski
1999) could be a possible explanation for the significant values of genetic diversity in
the Kastoria and Grevena populations. In addition, close proximity to bear popula-
tions of southern Albania and FYROM probably allows a permanent connection
between them and sufficient levels of gene flow. A genetic study of Greek bears at a
greater geographic scale could delineate the population structure and reveal the
connectivity patterns between the main regions of the current bear distribution.

Estimated population size and suggestions for improving accuracy

One of the main goals of this study was estimation of the size of the brown bear
population in Kastoria. The NGS and the subsequent amplification for 10 micro-
satellite loci allowed the identification of 75 living bears in the region, indicating the
presence of a minimum population of this size. Most of the identified bears were
males (twice as many as females) possibly because of heterogeneity in capture prob-
ability. Rubbing and marking behaviour on power poles has been reported to be
more intense among male bears than females, leading to unequal hair sample collec-
tion between sexes (Green and Mattson 2003; Karamanlidis et al. 2010). More
intensive scat sampling in future surveys could help to overcome a possible under-
estimation of female bears.

Analysis with the CAPWIRE program gave a point estimation significantly
higher (about three times) than the minimum population of identified bears. Non-
invasive DNA-based Nc estimates with this method can be obtained from a single
sampling session. The ability to estimate Nc from a single sampling session is
extremely helpful for species that are costly or time-consuming to sample.
However, a major concern and a basic assumption in most DNA-based mark–
recapture models, including the CAPWIRE “urn” model, is population closure
(Boulanger and McLellan 2001; Miller et al. 2005). The population closure assump-
tion rests on there being no immigration, emigration, birth or death. No births
occurred during our sampling period because bears give birth in late winter. In
addition, to avoid positive bias in census population size estimation, we excluded
from analysis those samples that were taken from dead bears (victims of vehicle
collisions). On the other hand, we cannot exclude the possibility of bear deaths due to
illegal hunting or poisoning in the study area during our sampling period because in
most cases such incidents happen in remote forested areas and usually they remain
unrevealed. The existence of at least one individual that seems not to belong to the
local population, according to our results of exclusion tests and factorial correspon-
dence analysis, indicates that emigration is another possibility that violated closure
assumption.

Significant closure violation – resulting in a positive bias in population esti-
mates – can also occur when animal home ranges are relatively large and exceed
the sampling area (Boulanger and McLellan 2001). Movements of bears in and out of
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the sampling area can inflate the number of “captured” animals and negatively bias
“recapture” probability. In these cases, the estimated with closed-model methods
population size most probably describes the “superpopulation” of animals in the
predefined sampling area but in the surrounding areas as well (Kendall 1999).
According to telemetry data from six radio-collared bears in the study area during
2011, male bears have large home ranges (165–226 km2) whereas females’ ranges are
significantly smaller (10–91 km2) (Mertzanis and Iliopoulos 2011). Considering the
continuous bear habitats in the surrounding areas as well as the fact that the mean
recapture rate of 1.36 observations/individual was significantly lower than the 2–3
observations/individual recommended by Miller et al. (2005) we should not exclude
the possibility of positive bias in our estimation.Hence, the estimated census size
should be treated with caution, especially for density estimates, because it rather
corresponds to a “superpopulation” inhabiting an area larger than the Kastoria
prefectural unit. Repetition of the survey in the forthcoming years using the proposed
improvements is expected to give more accurate estimates. In addition, extensive and
simultaneous telemetry is recommended to index movements of bears in and out of
the study area (Powell et al. 2000).

The bear population of Kastoria region may be considered among the most
robust bear populations in Greece. The identification of 75 bears in the study area
during the present study is enough to highlight the significant abundance of this
population. The minimum population size of 75 bears corresponds approximately to
30% of the minimum bear population size estimated for the whole of Greece by
Mertzanis et al. (2009a). High abundance in conjunction with significant levels of
genetic diversity and good conservation status make the Kastoria bear population a
significant stock for conservation of the species in Greece. Long-term monitoring and
management actions to maintain sufficient levels of gene flow must be of high
priority.
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