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SUMMARY

Understanding local dispersal patterns of brown bears (Ursus arctos) is important for identifying
priority conservation areas and for designing and implementing effective management measures
that will promote the co-existence of bears with humans and the recovery of the species. Action A6
of the project LIFE “Bear-Smart Corridors” (LIFE20 NAT/NL/001107) aims at evaluating the corridor
functionality of the project area(s) for the dispersal of brown bears in Greece, which will be essential
for the proper planning, as well as for monitoring the effectiveness of the concrete Conservation
Actions C carried out during the project.

Evaluating the functionality of the corridors in the project area was based on three different, but

complementary methodologies:

1.

Genetic research: Genetic research aimed at evaluating genetic diversity and estimating
minimum and effective population size. Genetic samples were collected from sampling
networks established in the project areas of Trikala-Meteora and Amyntaio and analysed using
standard, laboratory and statistical analysis procedures.

Camera trapping: Camera trapping aimed at estimating the relative abundance of bears and
the minimum number of females with cubs in the project areas.

GIS modelling: GIS modelling aimed at evaluating the overall habitat suitability of the project
areas, as a means to identify priority conservation and management areas. Using data
collected in the field GIS modelling used Maximum Entropy Modelling and Point Process
Models to achieve these aims.

The results of the evaluation are summarised as follows:

1.

Genetic research: All loci in both project areas were polymorphic, with the number of alleles
per locus ranging between 4-10; in the area of Trikala-Meteora Mus9 was the least
polymorphic locus with an observed heterozygosity value of 0.389, while G1A, G10C and
REN145P07 were the most polymorphic loci with an observed heterozygosity value of 94%.
The mean observed heterozygosity was 0.809, and the unbiased expected heterozygosity
was 0.801. In the area of Amyntaio G10L was the least polymorphic locus with an observed
heterozygosity value of 0.469, while G1D was the most polymorphic locus with an observed
heterozygosity value of 0.805. The mean observed heterozygosity was 0.666, and the
unbiased expected heterozygosity was 0.646. Furthermore, the minimum population size of
bears in the Trikala-Meteora project area during 2022 was 54 individuals, while census
population size Nc was 116. Similarly, the minimum population size of bears in the Amyntaio
project area during 2022 was 14 individuals, while the census population size N. was 56. Finally,
gene flow between the two project areas was 0.027 from South to North and 0.035 from
North to South, while no first-order relatives or migrants were detected between the two
project areas.

Camera trapping: Mean relative bear abundance was estimated for both project areas. In the
Trikala-Meteora project area the mean probability of detecting a bear across sites was p = 0.07
and mean relative abundance across sites was N = 1.05 individuals. Mean relative abundance
was highest in the westernmost parts of the project area. Similarly, in the Amyntaio project
area the mean probability of detecting a bear across sites was p = 0.136 and mean relative
abundance across sites was N = 1.63 individuals. Mean relative abundance was highest in the
forested parts of the project area. Finally, 7 and 3 females with cubs of the year were detected
in the Trikala-Meteora and Amyntaio project areas respectively.
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GIS modelling: GIS modelling identified the most important variables affecting bear presence
in the two project areas. In Trikala-Meteora these were distance from broad-leaved forest,
distance from Natura 2000 areas and slope, while in the Amyntaio project area these were
habitat suitability, Julian date and biological season. Using these variables, it was possible to
create habitat suitability maps and identify priority conservation and corridor areas in both
project areas.

The main conclusions of the present research are summarised as follows:

1.

Genetic research: The Trikala-Meteora bear sub-population exhibits high levels of nuclear
genetic diversity, that are indicative of a growing bear population. The Amyntaio bear sub-
population exhibits medium levels of nuclear genetic diversity, that are similar to the ones
that have been reported throughout the country until now, but also, specifically in the area.
In the two study areas, a minimum of 54 and 14 bears were identified, the majority of which
were males, which was to be expected because of the heterogeneity in capture probability of
the sampling methodology used. In both project areas census population size (N.) resulted in
point estimations that were significantly higher (i.e., about two times) than the minimum
population of identified bears. Similarly, effective population size (Ne) was also higher. In the
case of Trikala-Meteora N, was 99 and therefore higher than the minimum number (i.e., 50)
recommended as necessary in order to avoid inbreeding in a given population. The lower
effective population size recorded in the Amyntaio project area, is not considered a problem,
as it is likely a sampling bias; previous, more extensive studies in the area have not detected
small effective population sizes and no inbreeding effects. Finally, gene flow between the two
project areas was from North to South, which is consistent with previous studies.

Camera trapping: In the western part of the Trikala-Meteora project area relative bear
abundance in the majority of the sampled plots was highest, confirming the fact of a
permanent bear core population in optimal habitat conditions. In the eastern part of the
project area, bear relative abundance in the majority of the sampled plots was comparatively
lower. However, highest values were also recorded at the far extremity of this sampled sector.
This fact acknowledges recolonization dynamics of the bear population from W to E with the
establishment of a permanent population in the eastern sector, characterized presently by
lower densities. In the Amyntaio project area relative abundance was highest in the wooded
areas, primarily in the northern and northwestern parts of Amyntaio. Relative bear abundance
in Amyntaio was higher than in Trikala-Meteora, likely because the population in the previous
has been resident and stable in the area for a longer time.

GIS modelling: The results of the GIS modelling in the Trikala-Meteora project area indicated
that agricultural land habitats were important, in particular because forage is often high
caloric and available in these areas after and before the denning period. The main corridors -
linkage zones and stepping stones between the Pindos Mountain (Trikala area) range to the
east (Antichassia mountain range) are: 1) Xirokampos & Oxinia village to Mikani and Agios
Dimitrios; 2) Xirokampos village to Mikani and Gavros; 3) Elafi & Mpassia to Mourgani and
Kastraki>Vlahava. Similarly, in the Amyntaio project area bear habitat suitability decreased
with distance from forest and shrubland edge. The main corridors - linkage zones and
stepping stones were located in the eastern and south-eastern parts of the project area.

The results of the present study regarding the genetic analysis, the camera trapping and the GIS
modelling are going to be used as baseline values to compare at the end of the project.
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INTRODUCTION

Biodiversity is in decline worldwide and effective conservation measures are necessary for
maintaining intact ecosystem processes and securing human survival. One of the principal threats
to biodiversity is habitat fragmentation. As ecosystems become more fragmented, populations
become disconnected and effective dispersal increasingly challenging. Dispersal maintains genetic
connectivity, thereby increasing long-term population viability (Clobert et al. 2012). Understanding
local dispersal patterns of brown bears (Ursus arctos) is important for identifying priority
conservation areas (i.e., such as important movement corridors) and for designing and
implementing effective management measures that will promote the co-existence of bears with
humans and the recovery of the species.

Action A6 of the project LIFE “Bear-Smart Corridors” (LIFE20 NAT/NL/001107) aims at evaluating
the corridor functionality of the project area(s) for the dispersal of brown bears in Greece, which
will be essential for the proper planning, as well as for monitoring the effectiveness of the concrete
Conservation Actions C carried out during the project. More specifically, the preparatory Action A6
aims at providing the baseline framework for evaluating the functionality of the project areas at the
end of the project in 2026. Evaluating the functionality of the corridors in the project area was based
on three different, but complementary methodologjies:

1. Genetic research: Genetic research aimed at evaluating genetic diversity and estimating
minimum population size and effective population size.
2. Camera trapping: Camera trapping aimed at estimating the relative abundance of bears and

the minimum number of females with cubs in the project areas.
3. GIS modelling: GIS modelling aimed at evaluating the overall habitat suitability of the project
areas, as a means to identify priority conservation and management areas.

Genetic study

Estimation of population size and genetic diversity is of utmost importance for the effective
conservation and management of endangered species. In the case of endangered, large carnivores,
such as the brown bear, non-invasive genetic sampling and relevant statistical/analytical methods
have been developed and are now regularly applied, that do not require the live-capturing and
marking of individuals (Kohn and Wayne 1997, Kohn et al. 1999, Bellemain et al. 2005, Luikart et al.
2010). In the case of bears these methodologies are now common practice, because bears are
difficult to monitor due to their cryptic and solitary behaviour and their occurrence in relatively low
densities (Gervasi et al. 2008, Pérez et al. 2009, de Barba et al. 2010, Karamanlidis et al. 2012, Tsaparis
et al. 2015, Pylidis et al. 2021, Tsalazidou-Founta et al. 2022).

The basic objective of the genetic research of Action A6 of LIFE20 NAT/NL/001107 was to:

. Evaluate brown bear genetic diversity in the project areas.

. Estimate the minimum and effective population size of the bear sub-populations in the Trikala-
Meteora and Amyntaio project areas.

. Assess gene flow between the two project areas.

The bear sub-populations in both project areas are important parts of the overall bear population in
Greece and function as source populations for the recovery of the species in the country (Mertzanis
et al. 2009, Mertzanis et al. 2021). Moreover, at a wider geographical scale the two sub-populations
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of the project areas maintain a gene flow through a mega-corridor that connects them (Karamanlidis
etal. 2018).

Camera trapping

Photographing wildlife via remotely triggered cameras (i.e., camera trapping) emerged in 1877, but
was not used widely, until the development of infrared, automatically-triggered cameras in the
1980s. Since then, camera traps have become more affordable and commercially available,
lightweight, and easy to operate. In the mid-1990s, large-scale camera grids were linked with
capture-mark-recapture analysis to estimate animal abundance. The 2000s coincided with the
emergence of digital camera technology. Widespread, remote camera use has resulted now in an
increase in carnivore inventories, due to the ability to photograph multiple species at the same site
(Boitani and Powell 2013).

Two infrared trigger mechanisms exist in remote camera technology: active and passive infrared
systems. An active infrared beam is triggered by an animal breaking an infrared beam that passes
from a transmitting unit through the detection zone to a receiving unit. A passive infrared system is
triggered by the heat difference between the animal and the environment as the animal moves past
a heat and/or motion sensor (Boitani and Powell 2013). Most modern studies use passive infrared
systems. Digital camera options now include white flash and infrared flash, but image quality is still
low with the latter. Digital camera durability and reliability are increasing and, most importantly,
they do not have the 36-exposure limit of film cameras. Some passive digital cameras can transmit
images wirelessly to a base station or laptop computer. Additionally, many models can record also
short video sequences.

Camera trapping data was used in Action A6 of LIFE20 NAT/NL/0oo1107 to evaluate the
functionality of the project areas as bear movement corridors in terms of bear abundance, i.e., we
estimated the relative abundance of bears and the minimum number of females with cubs of the
year.

GIS modelling

GIS modelling has been used in Action A6 of LIFE20 NAT/NL/001107 to evaluate the suitability of the
project areas as bear habitat. If, as in the case of the project area in Trikala-Meteora the size of the
project area was big enough, we carried out additional analyses to identify potential movement
corridors within the project area.

Habitat fragmentation has been recognized as one of the most significant factors contributing
to the decline of biodiversity in Europe. Human development (i.e., railways, dams, roads, highways
etc.) can therefore have a significant effect in fragmenting wildlife populations, eventually leading
to local extinction (Fahrig and Merriam 1994). Large mammals, and especially large carnivores, are
sensitive to habitat fragmentation and destruction, because of their low numbers, large home
ranges and direct threats by humans (Linnell et al. 1996, Noss et al. 1996). Moreover, noise
associated with all afore-mentioned activities along infrastructure may disrupt the use of habitat by
endangered species. All these activities have resulted in increasingly fragmented habitats for bears,
with corresponding high levels of human access.
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On the other hand, in many studies researchers have found that bears do not avoid disturbed
areas, and select forest cut blocks, gas well sites and roads (Nielsen et al. 2004a, Stewart et al. 2013),
oil and gas well sites, and roads (Roever et al. 2008b;a, Graham et al. 2010) and also agricultural land
- agroforestry formations all year round (Akriotis et al. 2006, Mertzanis et al. 2008, Mertzanis and
Giannakopoulos 2008, Giannakopoulos et al. 2010). The use of clear cuts by brown bears has been
linked to an increase in seasonal food availability (Nielsen et al. 2004a, Nielsen et al. 2004b, Roever
et al. 2008b;a, Stewart et al. 2013). Clear cuts and forest understory disturbance increase light
penetration, resulting ultimately to an increase in important bear foods. Human development in the
landscape may increase food patches and availability or decrease landscape resistance (i.e., lower
energetic cost) for bear movement, but they can also provide access to humans in all seasons into
remote brown bear habitats with considerable negative effects.

Human access and movement in bear habitat are associated with human-bear conflicts (i.e.,
brown bear disturbance, disturbance at denning sites, mortality due to illegal hunting) (Nielsen et
al. 20043, Nielsen et al. 2004b, Schwartz et al. 2010). Large mammals, such as brown bears, generally
require large home ranges to meet their energetic requirements, which in turn is a key element of
their management and conservation (Merrill et al. 1999).

Understanding and predicting wildlife-habitat relationships are the foundations of wildlife
management (Pearce and Boyce 2006). Multivariate statistical techniques and GIS tools have
allowed the development of predictive habitat distribution models in ecology (Austin 1987, Franklin
1995, Guisan and Zimmermann 2000, Elith and Burgman 2002, Scott et al. 2002). Several potential
species distribution models have been developed and are currently used in wildlife ecology studies,
such as logistic regression (Glenz et al. 2001), generalized additive models (Guisan and Zimmermann
2000) and classification tree analysis (Jerina et al. 2003). Moreover, many robust statistical
approaches have been developed, and are available to model species distribution in relation to the
habitat variables (Elith and Burgman 2002, Elith et al. 2006). Many of these methods require the
collection of presence and absence data. However, the lack of recorded presence does not equal
the absence of presence and therefore, and, whilst presence data may be established by direct
observation, absence data are notoriously difficult to obtain accurately. Therefore, an analysis
method is needed that relies only on the recorded presences.

Maximum Entropy Modelling (MaxEnt) has been proposed to solve exactly this problem. The
Maximum Entropy algorithm (Phillips et al. 2006, Merow et al. 2013), is one of the most widely-used
predictive modelling tools, and is based on information on known locations of species presence. In
the MaxEnt modelling, the pixels of the study area present the area where the distribution of the
MaxEnt probability is defined. Pixels with occurrence records constitute the sample points and the
features are environmental parameters. In the habitat suitability analysis of the Trikala-Meteora
project area we selected maximum entropy (MaxEnt) modelling because of its multiple advantages:

1. MaxEnt requires presence-only data,

2. MaxEnt utilises both continuous and categorical data, and
MaxEnt includes efficient deterministic algorithms and mathematical definitions (Phillips et al.
2006).

Another approach solving the lack of absence data are inhomogeneous Point Process Models
(PPMs), a common tool for modelling the occurrence of species based on a set of explanatory
factors using presence-only data (Renner et al. 2015). Inhomogeneous PPMs take as input the pixels
with occurrence records and a set of predictors, and produce as output an intensity of occurrences
per unit area, having the advantage of allowing to correct observer bias (i.e., when presence records
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are likely to be overrepresented in areas with more observation intensity). The interpretation of the
outcome is similar to MaxEnt, and we used this modelling approach in the Amyntaio project area, as

most of the occurrence data were based on opportunistic observations, and were therefore likely
to include some kind of observation bias.

The basic objective of these methods (i.e., Maxent and PPMs) was to estimate the similarity of
the known presence positions of a species in relation to a group of environmental parameters. Our
objective in this part of the study was to determine which environmental factors affect distribution
of brown bears in Trikala-Meteora and Amyntaio, and identify corridors across the project area.

11
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METHODOLOGY

Project areas
Trikala-Meteora

The project area (Figure 1) in Trikala-Meteora comprises four Natura 2000 sites (N2K sites) [i.e., three
in the western part (GR 1440001, 1440002 & GR1440006) and one (GR1440005) in the eastern part].
The project area in Trikala-Meteora presents differentiated physiographic features between the
western and the eastern part, as follows:

a) The western part of Trikala-Meteora, with its more rugged terrain and more pronounced
altitudinal range, consists of forest complexes, rivers with riparian vegetation and sub-alpine
meadows. It includes the springs of the Acheloos river, one of the longest rivers in Greece.
Furthermore, the Aspropotamos river is formed by two rivers that converge to a main stream which
finally flows into the Acheloos river. The dominant forest tree species are fir (Abies borisii-regis) and
oak (Quercus sp.). Oak also forms pure forests at lower altitudinal zones. The geomorphology of the
area is characterized by a high topographic variety of aspects and relief. Overall, the area, which is
located in the central Pindos Mountain range (2204 m highest peak) and is characterized by the
presence of alpine and subalpine grasslands, could also be considered a part of the alpine region.

b) The eastern part of the Trikala-Meteora project area includes the mountain complex of Chasia
and Antichasia and the area of Kalambaka in the south and is characterized by forested hills and a
river valley, formed by the rivers Lithaios and Mourgkas. The vegetation is characterized by a mosaic
composition: forests, arborescent matorrals and shrubs are situated in forest plots, each under a
different ownership status. The overall vegetation features comprise dry siliceous grasslands,
broadleaved deciduous woodlands and alluvial riparian forests with Platanus orientalis, Salix alba
and Alnus glutinosa, and brush. The dominant tree species in the deciduous forest is Quercus
frainetto, that mixes occasionally with Q. cerris or with Q. pubescens and Q. cessiliflora. It must be
noted that a large part of this part of the project area is now degraded and is covered by herbaceous
vegetation. The agricultural land, with cereals and vineyards, is extensive. Overall, the Chasia and
Antichasia Mountains (1416 m highest peak), could be considered a part of the sub-continental and
continental biogeographic region.

Amyntaio

The Amyntaio project area has the structure of a large basin with four ecologically important lake
ecosystems - wetlands (i.e., lakes Chimaditida, Zazari, Petron and Vegoritida), surrounded by high
mountain massifs and ranges. Eastwards the area is framed by the mountain massif of Voras (2524
m highest peak) - the third highest mountain massif in the country. Westwards the project area is
framed by the mountain massifs of Varnoundas (2334 m highest peak) and Vernon-Vitsi (2128 m
highest peak). This is an area of high landscape diversity, which is reflected in the high degree of
biodiversity in terms of fauna and flora species present. The area hosts over 130 bird species with 23
birds of prey, 13 of which breed in the area. The local flora is also characterised by high diversity
levels with more than 150 taxa, of which 40 are orchids. The mountainous ecosystems are largely
deciduous forests composed mainly by Fagus sp. and Quercus sp. These two species constitute
highly important natural food resources (due to hard-mast production) for brown bears in the area.
Therefore, these mountain massifs comprise habitats of high ecological value for bears in the region
and, in combination with the agro-forest ecosystems at the lower altitudes form an integrated
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system of ecological components covering all the ecological requirements of the species targeted
by the project.
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Figure 1 Map of the two project areas in Trikala-Meteora and Amyntaio, indicating the potential
corridors for brown bears in the region.
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Genetic study

Sampling

Genetic samples, i.e., hair, were collected from hair traps placed on power poles of the electricity
network (Karamanlidis et al. 2007). Hair traps were single stranded barbed wires (approx. 2.5-3 m
long) that were hammered around the pole. In Trikala-Meteora a sampling network of 217 hair traps
was established (Figure 2), while in the area of Amyntaio a similar network of 40 sampling stations
was established (Figure 3). The smaller number of sampling stations established in the Amyntaio
area compared to the Trikala-Meteora area was due to the smaller size of this project area and the
suitability of the habitat (i.e., extensive agro-cultural landscapes that are not suitable for the
establishment of sampling stations).

All hair found on one barb of the barbed wire on a given power pole were considered as one
sample. They were placed in uniquely numbered paper envelopes, labelled with the exact location
and date of collection and then stored at -20°C in zip-lock bags with silica gel until analysis.

Laboratory procedures

DNA extraction: Generally, 2—-12 hair roots per sample were used for DNA extraction. Under a
stereoscope, hair roots were initially cut and transferred to a 1.5ml tube. DNA was extracted from
hair roots using the “QIAMP DNA Mini Kit” of Qiagen, following the manufacturer’s instructions.

PCR amplification: Fifteen microsatellite loci were studied; these are the loci that are used in the
“Hellenic Bear Register” and have been described in detail in recent studies (Karamanlidis et al. 2010,
Karamanlidis et al. 2012, Karamanlidis et al. 2018). A brief description of the PCR amplification
procedure follows:

. Initial denaturation at 95°C for 15min,

. 45 cycles of strand denaturation at 94°C for 30sec,

. Annealing at 40-60°C for 45sec and elongation at 72°C for 1min,
. Final elongation was achieved at 72°C for 1omin.

Amplifications were performed with a reaction volume of 1oul, containing 1ul of 10x Reaction Buffer,
0.1ul of 10x BSA, 0.25 mM dNTPs, 1 p/ul of each primer and approximately 5ong of template DNA.
Moreover, 0.4 units of Taq polymerase and 2mM MgCl2 were used. Visualization and control of the
PCR products were achieved by electrophoresis in 2% agarose gel. In order to identify the exact
length of each microsatellite locus that was successfully amplified, capillary electrophoresis through
the QlAxcel Advanced system was performed. 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 (Adams and Waits 2007). An allele was accepted only if it was observed
twice, otherwise a third PCR was performed and compared to the genotypes of the first two
amplifications.
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Figure 3 Genetic sampling network in the Amyntaio project area.
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Capillary electrophoresis: High-resolution capillary electrophoresis was performed using the
QlAxcel® DNA high resolution kit (Qiagen) on a QlAxcel Advanced System (Qiagen), according to
the manufacturer’s instructions. A QX DNA Size Marker (Qiagen) with 10 fragment sizes ranging in
size from 25 to 500bp was used to size PCR products. A QX Alignment Marker (Qiagen), which
consisted of 15-600bp fragments, was injected onto the cartridge with each sample. The oM8o0
method in the ScreenGel® software (Qiagen) was used for all analyses; this corresponds to a 10sec
sample injection time at 5kV and 800sec separation time at 3kV. The QlAxcel system injected o.1ul
of 20ul PCR products onto a cartridge for analysis. The retention time of the PCR fragments relative
to the 15-bp and 600-bp QX Alignment Marker fragments was calculated using the ScreenGel
software (Qiagen). The PCR product sizes were then determined by comparing the retention time
with the QX DNA Size Marker. The ScreenGel software produces a digital gel image and an
electropherogram for fragment analysis.

The high detection sensitivity provided by the QlAxcel Advanced System enabled robust results,
even at low nucleic acid concentrations. The QlAxcel Advanced system has a high resolution for
fragments smaller than o0.5kb that ensures great accuracy and confidence in data interpretation.
Sample consumption was less than o.1ul per analysis, saving precious samples for further
downstream analysis.

Gender amplification: Gender identification was performed using the primers described by Ennis and
Gallagher (1994) that amplify the amelogenin gene in male and female chromosomes. PCR
amplification was accomplished using the following conditions: initial denaturation at 95°C for
15min, 45 cycles of strand denaturation at 94°C for 30sec, annealing at 60°C for 30sec and elongation
at 72°C for 1min. Final elongation was achieved at 72°C for 1omin. Amplifications were performed
with a reaction volume of 1opl, containing 1ul of 10x Reaction Buffer, 0.1ul of 10x BSA, 0.25 mM
dNTPs, 1 p/ul of each primer and approximately 50ng of template DNA. Moreover, 0.4 units of Taq
polymerase and 2mM MgCI2 were used. Visualization and control of the PCR products were
achieved by electrophoresis in 2% agarose gel. If the sample corresponds to a female, it will show
only one band on a gel (265bp), otherwise, if the sample belongs to a male, it will show two bands
(265bp, 206bp).

Statistical analysis — Individual identification

Identifying individuals was the first step of the analytical process. “Dropout” software (McKelvey
and Schwartz 2005) was used to determine whether a sample contained genotyping errors, and the
relative magnitude of the problem, as well as the number of unique genotypes. 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” (Valiére 2002).

Statistical analysis — Estimating genetic diversity

Genetic diversity was assessed through the calculation of the observed (Ho) and expected (He)
heterozygosity. Ho, and H. values for each locus and (sub)population were calculated using
GENEPOP 1.2 (Raymond and Rousset 1995). CERVUS 3.0.3 (Kalinowski et al. 2007) was used to
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evaluate polymorphic information content (PIC), null allele probability and number of alleles for
each locus and population.

Statistical analysis - Estimating effective and census population size

The effective population size (Ne) of each brown bear subpopulation was estimated using one-point
estimate methodologies, as implemented in the NeESTIMATOR 1.3 software (Peel et al. 2004). N
was calculated using the linkage disequilibrium option of NeESTIMATOR.

Total (i.e., census) population size (N.) was estimated using the estimator implemented in the
capture-mark-recapture-based program for non-invasive genetic sampling CAPWIRE (Miller et al.
2005). CAPWIRE accommodates data with multiple observations of an individual within a single
session and appears to work well for small populations (<100 individuals), such as the ones expected
in our study areas (Miller et al. 2005). Possible capture heterogeneity in our data, due to the
collection of genetic samples from power poles (Karamanlidis et al. 2007), necessitated the use of
the two innate rates model (TIRM) for the calculation of the population size.

Statistical analysis — Evaluating gene flow

Gene flow between the two project areas was evaluated based on the methodology developed by
Karamanlidis et al. (2018). This is as follows: A Bayesian method (Wilson and Rannala 2003)
implemented in BAYESASS ver. 3.0.3 was used to infer gene flow between the two project areas. As
too high or too low acceptance rates cause poor mixing of a Markov Chain Monte Carlo MCMC, we
adjusted the mixing parameters (i.e., the size of the proposed parameter changes in each MCMC
iteration) for allele frequencies, migration rates and inbreeding coefficients to get the acceptance
rates of proposed moves between 0.2 and 0.4 (following the program author’s recommendation).
The program TRACER (Rambaut and Drummond 2003) was used to visually check MCMC for
adequate mixing and convergence. We ran 10 MCMC chains with different random seeds, 1.0E*
steps in each chain and 1.0E% steps of burn-in. We calculated the Bayesian deviance for each chain
to estimate model fit (Faubet et al. 2007) using the R script provided by Meirmans (2014) and
discarded the chains with high deviance since non-converging chains do not provide useful
information (Meirmans 2014). We averaged the results obtained across all remaining MCMC chains
with similar deviance to calculate the final estimates of the migration rates.

The genetic data collected in the two project areas in 2022 were used also to reconstruct kinship
among bears in an attempt to potentially identify migrants between the two projects areas. The
methodology for this has been developed in a nation-wide study (Karamanlidis et al. 2021), and is as
follows: Kinship reconstruction focused on first-order relationships, i.e., parent-offspring and full
sibling relationships. We calculated the likelihood ratio (LR, i.e., which pair of relationships is more
likely than the other) for all pairs of genotypes, using the program FAMILIAS 3.2.2 (Egeland et al.
2000, Kling et al. 2014). FAMILIAS distinguishes genealogical relationships without additional
information, based only on genotype data and if putative family members share zero, one, or two,
alleles at a locus identical by descent (Blouin 2003). For our analyses we selected FAMILIAS because
it is one of the few programs that has been validated to forensic genetic guidelines (Drabek 2008)
and because it also has been successfully used of late to determine family relationships and dispersal
in wildlife (Holmala et al. 2018).
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Thresholds should be evaluated on the genetic marker set used to identify acceptable LR cutoff-
values with sufficient proof for a relationship in kinship analyses of wildlife and humans (Sulzer et
al. 2011, Kopatz et al. 2017). We simulated 1,000,000 parent-offspring and full sibling relationships in
FAMILIAS to determine the suitable LR cutoff-value to accept a relationship in our study, but also to
keep the number of false negatives and positives at a minimum (Egeland et al. 2000, Sulzer et al.
2011). A previous study in the area (Karamanlidis et al. 2018) identified population substructure in
bears in Greece. The average degree of differentiation was a pairwise Fsr = 0.087, which was used
as a correction factor 6 during kinship reconstruction to account for potential effects of population
substructure. Mutation rates of microsatellites in wildlife studies largely are unknown, particularly
for the markers in our study (Ellegren 2004). We therefore ran the kinship analysis using mutation
rates typically found in humans (American Association of Blood Banks 2004) between 0, 0.1, and 0.2.
As the mutation model, we assumed an equal mutation rate on all 15 markers.

Using the results from the kinship reconstruction and the first location where each individual was
sampled, we calculated the pairwise (Euclidean) spatial distance between every pair of related bears
to evaluate the frequency of effective dispersal (i.e., movement beyond an animals’ home range),
using the diameter of the average annual home ranges of adult female (8 km) and male (16 km)
bears in Greece (De Gabriel Hernando et al. 2020) for bears in the study area. We then compared the
effective dispersal frequency through a Pearson’s Chi-squared test and the dispersal distances using
Kruskal-Wallis and post-hoc Dunn tests. The same methodological approach was used to compare
between type of relationship (i.e., parent-offspring vs. siblings) [R statistical computing
environment; (R Core Team 2019)]. We also ran a spatial autocorrelation analysis to assess the
relationship between spatial and genetic distance among all pairs of female and male bears by using
GENALEX 6.5, with distance classes of 5 km and 9999 permutations (Peakall and Smouse 2006;2012).
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Camera trapping

The main criteria used for the location choice of each camera inside the grid (for which a field form
was filled in) were defined as follows:

. Distance from settlements and human infrastructure.

. Distance from agricultural lands.

o Occurrence/presence of bear bio-signs in the surrounding area.

. Distance from secondary roads (forestry roads of categories A and B) and the county road
network.

. Testimonies of residents located in the surrounding villages on brown bear occurrences in the
area.

o Correct placement of camera traps in order to ensure the optimum vision field. This included

the correct placement based on aspect, slope and sunlight conditions (avoidance of direct
exposure), and surrounding vegetation.

. Minimise the likelihood of detection by people and theft. The cameras were installed mostly
by strapping them on trees, 50-350 cm above the ground and camouflaged with leaves and
branches taken from the surrounding vegetation.

Cleaning of the vegetation inside the camera vision field was meticulously done for each camera
trap placement, maximising the output of each camera. Moving vegetation by the wind and the
sudden changes in ground temperature might also trigger false alarms.

The installed camera traps were set to operate 24 hours/7 and most of the camera traps were set
on photo mode and set up to capture two or three photos after each activation. Several camera
traps had the option for a hybrid mode and in order to gather further information on the
morphological characteristics and patterns of each animal, these camera traps were set on hybrid
mode, capturing both photos and videos after each activation. Trigger speed for each camera
brand/model was different, ranging from 0.2 seconds to 0.6 seconds and no attractants or lures
were used at the camera trap sites.

Camera trapping design
Trikala-Meteora

The size of the study area, the total number of available camera traps and the size of the grid cells
used (10X10 km) defined the conditions for the maximum possible “capture” rate of individuals of
the bear subpopulation in Trikala-Meteora (Figure 4). Each 10X10km grid cell was divided into four
5X5 km sub-units. Three of these sampling sub-units were the focus of three sampling cycles and
each camera was rotated after each cycle in order to maximize the sampling effort in terms of area
coverage and bear detectability maximization.
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Figure 4 Camera sampling network in Trikala-Meteora area; the location of the camera placement
during three sampling cycles is indicated: Blue colour is the first cycle, yellow is the second and green is
the third cycle.

Some unexpected problems occurred, such as some cameras’ sensitivity levels were higher than
expected, which resulted in numerous false alarms and overload of the memory cards, leading to
the decrease of the total trapping days. The placement of the cameras was performed by field
researchers and field technicians/personnel from “Callisto” project partner. Moreover, students
doing their internships (and hosted by Callisto) also contributed in the field work sessions as well as
during photos screening and data entry.

Amyntaio

The camera traps in Amyntaio area were placed in areas with available bear habitat, in the
southwestern part of the study area, covering three 10X10km grid cells which were divided into six
5X5 km sub-units. In each sub-unit we placed a variable number of cameras depending on the
amount of suitable bear habitat, resulting in a total of 57 camera traps (Figure 5). Thirteen of these
cameras had to be re-located during the study period because they were stolen.
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Figure 5 Camera sampling network in Amyntaio area; the location of the placement of the cameras is
indicated with yellow dots, while green dots indicate the camera relocations during the study period.

Estimating relative abundance

Camera trapping photos were carefully screened and all the bears in the images identified; in
addition, age and sex of brown bears were identified in the Amyntaio area. One independent event
was defined as consecutive photographs of individuals within a time-period of 15 minutes
(Blankenheim 2018, Mertzanis et al. 2018, Kyriakidis 2021). Photographs with more than one
individual in the frame were counted as a single detection (O'Brien et al. 2003).

For each event, the time, date and camera coordinates of the first photo were recorded in MS
Excel format data base. All data entry and species identification were done manually using Microsoft
Excel software. All events were standardised by using the total amount of events of bears per 100
trapping days, also referred to as relative abundance index (RAI), a widely used index for camera
trapping data standardization (O’Brien 2011, Sollmann et al. 2013). In the Trikala-Meteora area,
additional processing in xIs format produced two types of data: a) cycles with bear events, and b)
standardized cycles per camera.

Data analysis for the relative abundance of brown bears in each surveyed area was performed
with R version 4.0.4 (R Core Team 2019), by using “unmarked” package (Fiske and Chandler 2011)
and the Royle-Nichols (RN) n-mixture model (Royle and Nichols 2003, Moeller et al. 2018). This model
is based on detection/non-detection data and considers the imperfect detection and the detection
probability of a species at a given site (Sollmann et al. 2013). Furthermore, the RN model takes into
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consideration that the detection probability of a species is higher in sites with more individuals
present. Thus, it assumes that the detection probability (r) at a given site is dependent on the local
abundance (N) (Denes et al. 2015). The anthropogenic and environmental variables used for
estimating relative abundance in the study areas and the confounding variables used for estimating
detection probability are presented in Table 1.

Table 1 Set of environmental and anthropogenic variables used for estimating bear detection
probability in the two study areas.

Trikala-Meteora Amyntaio

Anthropogenic variables

Distance from settlements (m)

Distance from agriculture

Distance from Natura 2000 areas
Human RAI
Road density

X | X | X [X [X X

Land cover

Environmental variables

Distance from rivers

Distance from water bodies

Distance from shrublands

Distance from coniferous forests

Distance from broad-leaved forests

Distance from mixed forests

Elevation

Slope

Aspect

Average temperature

Bear habitat suitability

Variables for detection probability
Operation time (in days)

Camera model

Julian date X X
Biological season X
Vegetation cover X

X |IX | X | X [ X [X|X|X|X

X IX | X | X [X [X |[X|X|X|X|[X

>
>

>

For the assessment of the variables for measuring relative abundance, the ArcMap 10.7.1 (Esri Inc.,
2020) was used. Pair-wise correlation among all the variables was tested to avoid collinearity by
using the correlation matrix provided in “corrplot” package for R version 4.0.4. No significant
correlation was found among the variables.

Initially a “Log standardization” was applied to the values of the continuous variables measured
in meters, such as “distance from settlements”. Moreover, a “z-score standardization” was applied
to the values of the remaining continuous variables, a necessary step for occupancy models. All
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variables were fit into univariate models and were tested against the null model, which included no
variables for detection probability and abundance. Only the models of the variables that had a lower
AlIC value than the null model were retained for further analyses. Following that, a Likelihood Ratio
Test (LRT) was run, comparing the univariate models with a lower AIC to the null model, in order to
assess any significant difference between them. The best, significant models retained after that step
are presented in Table 2. Further, data exploration and model selection were done by using the
“dredge” function in “Mumin” package (Bartori 2020). The habitat suitability map from the study
of Bonnet Lebrun et al. (2019) was used as a variable before using every variable individually, but
was not found to be significant.

Table 2 Variable combination from the best significant model in each project area.

Trikala-Meteora Amyntaio
Distance from broad-leaved forests (N) Bear habitat suitability (N)
Distance from Natura 2000 areas (N) Julian date (r)
Slope (N) Biological season (r)

Estimating the minimum number of Females with cubs of the year

Estimating the minimum number of (distinct) females with cubs of the year is a popular method for
producing a recovery parameter that can be used in the conservation planning of brown bears (Knight
et al. 1995). In estimating the distinct number of females with cubs of the year we modified the
methodology of Palomero et al. (2007) where, instead of data from personnel on the ground we used
the data from our camera-trapping efforts (Palomero et al. 2007). We differentiated the groups of
females with cubs of the year by the four criteria of Knight et al. (1994), i.e., a) number of cubs, b)
distance between sightings, c) concurrent sightings, and d) physical features. When the differentiation
was uncertain, we applied the most conservative criterion.
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GIS modelling

Evaluating habitat suitability
Trikala-Meteora

Field data: In total, 180 brown bear signs (presence records) were collected in the fieldf (Figure 6).
Data for brown bear presence were collected in the field using hand-held Global Positioning System
Garmin units and smartphones.

Environmental variables: ArcGIS Pro software (ESRI; Redlands, Ca, USA) was used for description
and analysis of spatial information. Altitude and distance from rivers were extracted from a digital
elevation model (DEM) (https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1), land uses
(habitat types) were derived from the Corine Land Cover database (https://land.copernicus.eu/pan-
european/corine-land-cover/clc2018), and vegetation data were derived from the Ministry of Rural
Development and Food (https://www.minagric.gr/). ArcGIS Pro software (ESRI, Redlands, CA, USA)
was also used to create topographic layers and human disturbance layers. In total 34 GIS layers
(environmental parameters) were developed for the analysis (Table 3). These data sets were
converted to a common projection, map extent and resolution prior to use in the modelling
program. The selection of parameters for the study and analysis of habitat suitability and corridor
determination is particularly important in the proper application of models. Therefore, if the aim is
to draw ecological conclusions from these analyses, the choice should follow a few criteria. The main
criteria are:

. Geographical Information System (GIS) digital layers from the study area (environmental
parameters)>independent variables (correlation control variables /avoid high correlation and
prevention multicollinearity.

. The biological importance of environmental parameters for the species.
. Statistically significant relationship between parameters and species presence.

These data sets were converted to a common projection, map extent and resolution prior to use in
the modelling program. The CORINE Land Cover (CLC) consists of an inventory of land cover in 44
classes.

Statistical analysis: Maxent method is a machine learning tool for modelling ecological data that
requires presence-only data, utilizes both continuous and categorical data and includes efficient
deterministic algorithms and mathematical definitions (Phillips et al. 2006). Brown bear presence
data in Trikala-Meteora were used in the Maxent modelling (Maxent software version 3.4.1.) to
predict habitat suitability and determine corridors in Trikala and Meteora municipalities. These
environmental parameters were correlated with the locations of brown bear occurrence by
identifying the distribution of maximum similarity, so that the expected value of each environmental
variable matched its empirical average, determined by the locations of the known presence points.
The logistic output was used for the interpretation of the results which assessed the probability of
presence with a range of values from o to 1. The bootstrap methodology was selected as a repeat
run type with 70% of the data for model training and 30% for verification of results. The goodness of
fit of the model predictions was evaluated by the mean area under the curve (AUQ) of the receiver
operating characteristic (ROC) curve. A Jackknife test was used to eliminate the number of
environmental variables to those that exhibited a substantial contribution to the model. The
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Jackknife procedure was used to reduce the number of environmental variables to only those that
showed a substantial influence on the model.
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Figure 6 Brown bear presence records in the Trikala-Meteora project area.
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Table 3 Environmental parameters used in the GIS modelling in the Trikala-Meteora project area.

Altitude (m) alt continuous DEM-Copernicus

Distance from villages villagesdistance ~ continuous ArcGIS

Vegetation veget categorical Ministry of
Agriculture

Land use landuse categorical Corine CLC

Distance to rivers (m) riverdistance continuous ArcGIS-DEM

Distance from farms farmsdistance continuous UTH-GIS data base

Slope slope continuous ArcGIS-DEM

Distance to forest road network (m)  forestroaddis continuous ArcGIS

Aspect Aspect continuous ArcGIS-DEM

Amyntaio

Field data: In total, 610 brown bear signs (i.e., presence records) were collected in the field (Figure
7). Data for brown bear presence were collected in the field using hand-held Global Positioning
System Garmin units.

Environmental variables: A grid of 1 x 1 km?* was laid over the study area. The mean value of a set of
explanatory variables expected to influence either bear or observer presence was calculated for
each grid cell. Explanatory variables were chosen following previous brown bear studies in Europe
(Naves et al. 2003, Martin et al. 2013). We used topography (i.e., maximum altitude and mean slope),
distance to forest edge and distance to shrubland edge, density of rivers (i.e., accumulated length
of rivers in the pixel) and percentage of agricultural land as ecological variables, and distance to
human settlements, as well as distance to the closest primary or secondary road as observer bias
variables (Table 4). The construction of the grid and the calculation and extraction of the ecological
variables were done in the R software (R Development Core Team 2011) and in QGIS (Quantum GIS
Development Team 2013).

Statistical analysis: We modelled the habitat suitability in an inhomogeneous point process model
(PPM), a common tool for modelling the occurrence of species based on a set of explanatory factors
using presence-only data that has been used for bears in Greece (Bonnet Lebrun et al. 2019).
Inhomogeneous PPMs take as input the observed point locations and a set of spatially-indexed
predictors, and produce as output an intensity of point locations per unit area. This is achieved by
introducing a set of quadrature points (often spaced along a rectangular grid) at which the
predictors are also measured. We divided these spatial predictors into two categories: (1) ecological
variables, or variables that affect the probability of presence of the species in the area, and (2)
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observer bias variables, affecting the probability of the species to be detected given that it is present
in the area. Predictions of habitat suitability were made by setting the observer bias variables to a
common value (i.e., here, the minimum). By correcting for observer bias, the output can be
interpreted as an intensity of bear observations per square kilometre or, equivalently, to habitat
suitability, if all locations in the study area had equal sampling effort as quantified by the observer
bias variables (Warton et al. 2013).

Legend

Amyntaio project area

®  Brown bear records

20 Kilometers
|

Figure 7 Brown bear presence records in the Amyntaio project area.
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Table 4 Ecological and observer bias variables used in the GIS modelling in the Amyntaio project area.

Variabl
Variable ariable Description Source
Type
Altitude (m) Ecological | Maximum altitude in each 1 km?cell USGS
Slope Ecological | Slope averaged over each 1 km? cell USGS
Distance to forest . Distance to forest edge, averaged over each | CORINE land
Ecological 5
edge 1km? cell cover
Distance to ' DlstaT}'ce to shrubland edge (includes shrubs, CORINE land
Ecological | transitional woodlands and sclerophyllous
shrubland . 5 cover
vegetation), averaged over each 1km? cell
Rivers Ecological | Cumulated length of rivers in each 1 km? cell COFiI(;\IVIZIrand
; ; >
Agricultural land Ecological Percentage of agricultural land in each 1 km CORINE land
cell cover
Distance to | Observer | Distance to closest settlement (villages and Open Street
villages bias towns) averaged over each 1 km? cell Map
; l :
Distance to | Observer DlstanFe to closest prlmary road (motorway Open Street
: . or main road connecting towns) averaged
primary roads bias , Map
over each 1 km? cell
i [
Distance to | Observer Distance to  closest  secondary rqad Open Street
. (secondary paved roads, mostly connecting
secondary roads bias Map

villages) averaged over each 1 km? cell
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RESULTS

Genetic study

Individual identification

In total, 347 hair samples were collected in Trikala-Meteora and 190 in Amyntaio. Full amplification
was successful in 83 and 32 samples respectively, which resulted in the identification of 54 and 14
unique genotypes.

In Trikala-Meteora 33 individuals of the unique genotypes were captured only once, while the
rest 21 individuals were captured from two to four times, with the mean capture/sample ratio being

1.53.

In Amyntaio 10 individuals of the unique genotypes were captured only once, while the rest 4
individuals were captured from two to four times, with the mean capture/sample ratio being 1.40.

Genetic diversity

All loci in both project areas were polymorphic, with the number of alleles per locus ranging
between 4-10 (Table 5)'.

In the area of Trikala-Meteora Mu59 was the least polymorphic locus with an observed
heterozygosity value of 0.389, while G1A, G1oC and REN145P07 were the most polymorphic loci with
an observed heterozygosity value of 94%. The mean observed heterozygosity was 0.809, and the
unbiased expected heterozygosity was 0.801.

In the area of Amyntaio G1oL was the least polymorphic locus with an observed heterozygosity
value of 0.469, while G1D was the most polymorphic locus with an observed heterozygosity value
of 0.805. The mean observed heterozygosity was 0.666, and the unbiased expected heterozygosity
was 0.646.

Effective and census population size

The minimum population size of bears in the Trikala-Meteora project area during 2022 was 54
individuals. Point estimates of the Ne using NeESTIMATOR gave a mean value of 99 (95% Cl=73.1-
186.7). According to the analysis with the programme CAPWIRE the census population size N was
116 (95% Cl= 95-165). The confidence interval was broad, because of the low number of recaptures
in relation to the total number of captures.

The minimum population size of bears in the Amyntaio project area during 2022 was 14
individuals. Point estimates of the N. using NeESTIMATOR gave a mean value of 35 (95% Cl=20.4-
56.8). According to the analysis with the programme CAPWIRE the census population size Nc was 56

"In preparing Table 4 and in order to have equal sample sizes for the comparison of genetic diversity we calculated genetic
parameters of the Amyntaio project area using data from additional samples from the area that were collected previously
within the framework of the “Hellenic Bear Register”.
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(95% Cl= 35-95). The confidence interval was broad, because of the low number of recaptures in
relation to the total number of captures.

Table 5 Genetic diversity of the Trikala-Meteora and Amyntaio bear subpopulations. N= Number of
samples, A= Number of alleles identified, Ho= Observed heterozygosity, He= Expected heterozygosity.

Trikala-Meteora Amyntaio

Locus N A Ho He A Ho He
G10H 54 7 0.778 0.819 6 0.717 0.681
G1oL 54 9 0.852 0.819 5 0.469 0.467
MUs59 54 7 0.389 0.772 8 0.726 0.746
G1A 54 7 0.944 0.825 5 0.699 0.647
G10C 54 8 0.944 0.823 6 0.770 0.759
G1D 54 7 0.741 0.767 6 0.805 0.720
MU50 54 7 0.907 0.807 5 0.690 0.693
Mus1 54 5 0.907 0.758 4 0.540 0.558
G1oM 54 4 0.833 0.71 3 0.637 0.654
G1oJ 54 6 0.796 0.785 5 0.761 0.662
G1oU 54 7 0.833 0.801 5 0.558 0.496
REN145 54 7 0.944 0.838 6 0.619 0.545
Mu23 54 10 0.667 0.885 5 0.681 0.710
XX 54 6 0.741 0.745 6 0.735 0.725
G1oP 54 9 0.87 0.861 7 0.593 0.639
Mean 7.067 0.809 0.801 5.466 0.666 0.646
Gene flow

Gene flow between the two project areas was 0.027 from South to North and 0.035 from North to
South (Figure 8). In presenting the results of the gene flow analysis we have modified the Figure of
Karamanlidis et al. (2018) in order to highlight the gene flow between the two project areas within
the context of the overall gene flow for brown bears in Greece. In addition, we did not detect at this
stage of the project any first-order relatives or migrants between the two project areas.
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Map, sPCA component 1

Map, sPCA component 2
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Figure 8 Gene flow (i.e., mega-corridor) between the project areas of Trikala-Meteora and Amyntaio

(modified from Karamanlidis et al. 2018).
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Camera trapping

Data collection
Trikala-Meteora

Camera trapping efforts in Trikala-Meteora resulted in 4,489 total trapping days and 253,827
photographs. A large number of photographs was not used due to false negatives, technical errors
and incorrect intervals between photo captures. In the first cycle, 25 cameras were used. In the
second cycle, 23 cameras were used, and 16 cameras were used in the third cycle (Table 6).

Table 6 Camera sampling results in 2022 in the Trikala-Meteora project area.

(Cycle B) (Cycle C)
(Cycle A) Early Late
Trikala - Meteora Mating Hyperphagia Hyperphagia Total
Time period 12.04 - 15.07 25.06 - 30.09 13.09 - 30.12 12.04-30.12
Cameras 25 23 16 64
Trapping days 1614 1620 1255 4489
Photographs 121165 112965 19697 253827
Brown bear Events 35 35 15 85
Human Events 729 1153 984 2866
Bear RAI 2.17 2.16 1.20 1.89
Human RAI 45.17 71.17 78.41 63.84
Amyntaio

Camera trapping efforts resulted in 14,609 total trapping days and 12,705 useful photographs.
Denning sampling was not considered for estimating bear abundance due to the low detections in
this period of the year, when bears are mainly inactive (Table 7).

Table 7 Camera sampling results in the Amyntaio project area.

Early Late
Amyntaio Denning Mating hyperphagia hyperphagia Total
01.01.2022 -

Time period 15.12-15.03 | 16.03-01.07 02.07 -01.10 02.10 - 15.12 31.12.2022
Cameras 40 30 56 56 57
Trapping days 3,374 2,744 4,662 3,829 14,609
Brown bear
Events 1 67 334 194 596
Bear RAI 0.03 2.44 7.16 5.07 4.08
Events other
species 323 678 1,630 1733 4,364
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Relative abundance

Trikala-Meteora

The mean probability of detecting a bear across sites was p = 0.07 (SE = 0.018) and mean relative
abundance across sites was N = 1.05 (SE = 0.48) individuals. The variation in detection probability
caused by the abundance at each camera site is presented in Figure 9. While the detection
probability in each site is dependent on the variables that were selected and the count data in each
site for each trapping day, it is also determined by the abundance in each camera site, where as
expected, a higher abundance in a site will increase the detection probability as well.
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Figure 9 Variation in bear detection probability in the Trikala-Meteora project area related to the
abundance at each camera site.

All variables were fitted and compared to the null model (Akaike Information Criterion = 477.37).
The best model (AIC = 458.76) passed two goodness of fit (GoF) tests, namely Pearson’s Chi-Squared
(p = 0.06) and Freeman-Tukey Chi-squared (p = 0.24). From the beta coefficients of the best model,
the relative abundance of bears was significantly higher near settlements, but was lower near rivers
and mixed forests. The detection probability was significantly affected by the calendar date, where
brown bears were more likely to be detected in the third cycle, which was in autumn. The results of
the relative abundance analysis are presented on Figure 10.
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. Brown bear relative abundance map
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Figure 10 Relative abundance of brown bears in the Trikala-Meteora project area.

Amyntaio

The mean probability of detecting a bear across sites was p = 0.136 (SE = 0.041) and mean relative
abundance across sites was N = 1.63 (SE = 0.66) individuals. All variables were fitted and compared
to the null model (Akaike Information Criterion = 1344.98). The best model (AIC = 1297.71) passed
two goodness of fit (GoF) tests, namely Pearson’s Chi-Squared (p = 0.07) and Freeman-Tukey Chi-
squared (p = 0.47). From the beta coefficients of the best model, the relative abundance of bears
was significantly higher in areas with higher habitat suitability. The detection probability was
significantly affected by the Julian date and biological season; brown bears were more likely to be
detected in the early hyperphagia (from July to October). The results of the relative abundance
analysis are presented on Figure 11.
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Brown bear relative abundance map

Camera traps
Amyntaio project area
N-mixture values
& 0.03-030
0.30 - 0.82

@ o82-138
O 1.36-1.99

O 1.88-3142
O 312-642

|

Figure 11 Relative abundance of brown bears in the Amyntaio project area.
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Minimum number of females with cubs of the year

Trikala-Meteora

In the Trikala-Meteora project area seven females with cubs of the year were identified (Figure 12).

Amyntaio

In the Amyntaio project area three females with cubs of the year were identified (Figure 13).

Life_BSC (Meteora-Trikala) S e ; ; Yriopvnua

Mothers with cubs from camera-raps 4 ¢ _ l Képepes Tou kikhoy

b 2 3 ¥ Kauepes 2ou kundou g
# Kapepes Jou ko

Figure 12 Map of the Trikala-Meteora project area indicating the location where females with cubs of
the year were identified.
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Legend
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@ Femala with 1 cub

@ Female with 2 cubs
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Figure 13 Map of the Amyntaio project area indicating the location where females with cubs of the year
were identified. Red, orange and green polygons encompass all locations of the same female.
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GIS modelling
Habitat suitability

Trikala-Meteora

The contribution of the variables studied in the MaxEnt model for the presence of brown bears in
the Trikala-Meteora project area is presented in Table 8.

Table 8 Analysis of variable contributions for bear presence in the Trikala-Meteora project area.

alt 44.2 38.2
villagesdistance 13.2 18
veget 12.9 71
landuse 12.4 8.6
riverdistance 6.8 5.6
farmsdistance 5.1 5.1
slope 1.9 10.1
forestroaddis 1.9 3.7
aspect 1.6 3.6

Table 8 presents estimates of relative contributions of the environmental variables to the Maxent
model. To determine the first estimate, in each iteration of the training algorithm, the increase in
regularized gain is added to the contribution of the corresponding variable, or subtracted from it if
the change to the absolute value of A is negative. For the second estimate, for each environmental
variable in turn, the values of that variable on training presence and background data are randomly
permuted. The model is reevaluated on the permuted data, and the resulting drop in training AUC
is presented in the results, normalized to percentages. The environmental variable with the highest
gain when used in isolation is “alt”, which therefore appears to have the most useful information by
itself. The environmental variable that decreases the gain the most when it is omitted was “alt”,
which therefore appears to have the most information that isn't present in the other variables.

The results of the Jackknife test of variable importance are presented in Figure 14. The
environmental variable with the highest gain when used by itself is “alt”, which therefore appears
to have the most useful information. The performance of each model was estimated by the value in
the area under the curve (AUC) of the receiver operating characteristics (ROC) curve for both

38

life-bearsmartcorridors.com
m @lifebearsmartcorridors

info@life-bearsmartcorridors.com

@
HOY
=



training and testing data. The fitness of the model improved, as the AUC value increased from 0.5
to 1 (AUC = 0.5; random prediction, AUC = 1; perfect performance). Altitude, distance from villages,
land uses, and vegetation types were important in the brown bear model, while five more variables
(i-e., distance from river network, distance from livestock farms, slope, distance from forest road
network and aspect) contributed less to the overall performance of the model.

Jackknife of regularized training gain for Ursus_arctos

altJ”

aspect|
farmsdistance [
forestroaddis [
landuse

riverdistance [

Environmental Variable

slope[
vegetl™

villagesdistance [

4  Without variable ®
With only variable ®
7 With all variables ®

regularized training gain

0.00 005 010 015 020 025 030 035 040 045 050 055

Figure 14 Jackknife of regularised training gain test.

Jackknife tests were used to estimate the importance of each variable in the model. In the bear
model, all variables were necessary, moreover, land uses (landuse), vegetation (veget) and altitude

(dem) had a relatively higher contribution (Figures 15-17).
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Figure 15 Response of brown bear to land use classes.
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Figure 16 Response of brown bear to vegetation.
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Figure 17 Response of brown bear to altitude.

Response curves were created for the variables of altitude, land uses and vegetation, as they were
significant predictors for both models. Suitable conditions for brown bear were identified in medium
altitude zones (500-1000) (combination of dense forest cover & food availability). With respect to
land uses and vegetation, appropriate ecological niches for brown bears were identified in areas
near villages (old orchards, vineyards, Prunus sp. etc.), land principally occupied by agriculture, with
significant areas of natural vegetation, coniferous forest (Abies borisii Regis), broad-leaved forest
(Quercus sp.) and mixed forest.
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Amyntaio

The parameter estimates of the variables considered in the inhomogeneous point process model
(PPM) for the presence of brown bears in the Amyntaio project area are presented in Table 9.

Table 9 Parameter estimates for the variables influencing bear presence in the Amyntaio project area

Variable Parameter estimates from the
model with point interaction
Mean slope (SLO) 0.00
SLO? -0.31
Distance to forest edge (FOR) -0.04
Distance to shrubland edge (SHR) 0.00
SHR? -0.22
Maximum altitude (ALT) 0.96
ALT? -0.16
Distance to main rivers (RIV) -0.10
RIV2 0.07
Percentage of agricultural land (AGR) 0.06
AGR? -0.51
FOR:ALT 0.36
SLO:RIV 0.03
SLO:AGR -0.14
RIV:AGR -0.01
AGR:SHR 0.15
Distance to human settlements -0.94
Distance to principal roads -0.15
Distance to secondary roads -0.39
Point interaction 0.65
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Figure 18 Response curves for each variable in the model. Points: scatterplot of predicted intensity
(log(mu)) against standardised covariate values (mean o, variance 1). Blue line: fitted smooths (using
generalised additive models).

Parameter estimates (Table 9) and response curves (Figure 18) indicate the relationship between
environmental variables and habitat suitability for brown bears in Amyntaio area. Brown bear
habitat suitability is higher at mid values of altitude, slope and percentage of agricultural lands, while
it decreases with increasing distance to main rivers and shrub and forest edge. Observer bias is
higher in the proximity to main roads, secondary roads and human settlements.

The projections of the PPM over the study area resulted in the habitat suitability map (Figure 19),
representing areas from low suitability, mainly located in the south-eastern half, to high suitability,
mainly located in the northern and south-western edges of the study area.
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Figure 19 Brown bear habitat suitability map for the Amyntaio study area.
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DISCUSSION — RECOMMENDATIONS

Genetic study

Genetic diversity

The Trikala-Meteora bear sub-population exhibits high levels of nuclear genetic diversity (He=0.80
and Ho=0.80), slightly higher than the ones reported previously (i.e., He=0.680) for the south Pindos
region (Karamanlidis et al. 2018) or other bear sub-populations in other bio-geographical units in
Greece until now (0.548-0.745) (Karamanlidis et al. 2015, Tsaparis et al. 2015, Pylidis et al. 2021,
Tsalazidou-Founta et al. 2022) and close to the values reported for large populations of north
Europe, Romania or Russia (Swenson et al. 2011). These heterozygosity values, however, are not
unusual and are indicative of a growing bear population in the area that seems to retain significant
levels of genetic diversity (H,=0.80, A=7.06). The observation of a recovering/expanding population
is further supported by the fact that the minimum number of identified individuals of the present
study (54) is 3 times higher than the identified individuals reported in a study 13 years previously
(Karamanlidis 2011).

The Amyntaio bear sub-population exhibits medium levels of nuclear genetic diversity (He =0.646
and Ho=0.666), similar to the ones that have been reported throughout the country until now (0.548-
0.745) (Tsaparis et al.,2014; Karamanlidis et al., 2015; Pylidis et al., 2021; Tsalazidou-Founta et al.,
2022), but also, specifically in the area (Kapalokou 2020).

Minimum, effective and census population size

One of the main goals of preparatory Action A6 was to estimate demographic parameters for the
brown bear subpopulations in the project areas of Trikala-Meteora and Amyntaio. The amplification
of 15 microsatellite loci enabled the identification of a minimum of 54 and 14 bears living in the two
project areas respectively. In both areas most of the identified bears were males, which was to be
expected because of the heterogeneity in capture probability. Rubbing and marking behaviour on
power poles has been reported to be more intense among male bears than females, leading often
to unequal hair sample collection between sexes (Green and Mattson 2003, Karamanlidis et al. 2010,
Tsaparis et al. 2015, Pylidis et al. 2021, Tsalazidou-Founta et al. 2022).

In both project areas census population size (N.) resulted in point estimations that were
significantly higher (i.e., about two times) than the minimum population of identified bears. Non-
invasive DNA-based N, estimates with the methodology applied in the project can be obtained from
a single sampling session and it is extremely helpful for species that are costly or time-consuming to
sample. However, we cannot exclude that one of the model assumptions of population closure is
violated (Boulanger and McLellan 2001, Miller et al. 2005). The “closed population” assumption
resides on the fact of no immigration, emigration, birth or death. No births occurred during our
sampling period because bears give birth in late winter, but we cannot exclude the possibility of
bear deaths due to poaching (in the project area of Amyntaio this was indeed the case). In addition,
based on the heterozygosity values obtained, the Trikala-Meteora bear sub-population is growing,
indirectly implying that movements in and out of the sampling area have occurred, thus negatively
affecting “recapture” probability. In these cases, estimations using closed-model methods most
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probably refer to larger populations (i.e., most likely including also surrounding areas) (Kendall
1999). A study carried out in the Prefecture of Rodopi (Pylidis et al. 2021) estimated that the effective
population size was 42.2 (25.3-97.7, 95% Cl), while census population size was 91 individuals (41-262,
95% Cl) as a result of constant migration from Bulgaria. Similar results, where census population size
was more than two to three times higher than the minimum number of identified individuals in the
area, were also obtained from other studies in Greece (Tsaparis et al. 2015, Tsalazidou-Founta et al.
2022). Furthermore, when interpreting the results of the present study one should keep in mind that
recapture rate should be 2-3 observations/individual (Miller et al. 2005). In our study the mean
recapture rate was lower than the proposed one, suggesting that the estimates of our study should
be interpreted cautiously. More intensive sampling that will increase the recapture ratio and result
in more accurate population estimates is recommended.

Effective population size in the area of Trikala-Meteora (Ne) was 99 (95% Cl=73.1-186.7) and
therefore higher than the minimum number recommended as necessary in order to avoid problems
in a given population (Frankham et al. 2002). High N, estimates have also been reported for the
project area of South Pindos (Karamanlidis et al. 2018); moreover, the high N in Trikala-Meteora, in
combination with the high heterozygosity values recorded in the present study, provide evidence
of the recovery of the local bear subpopulation (Crow and Kimura 1970). The lower effective
population size recorded in the Amyntaio project area, is not considered a problem, as it is likely a
sampling bias; previous, more extensive studies in the area have not detected small effective
population sizes and no inbreeding effects. In contrast, judging by the results of the camera trapping
efforts (i.e., monitoring the number of females with cubs of the year), the local bear subpopulation
in Amyntaio seems to be robust.

The results of the study regarding the minimum and census population size in both project areas
should be used as baseline values to compare at the end of the project.

Gene flow

The results of our efforts to evaluate gene flow between the two project areas were in general
accordance with the original efforts by Karamanlidis et al. (2018). In the present study a stronger
gene flow from South to North was detected than previously. It is not possible to differentiate
whether this stronger flow is a result of the expanding/recovering bear subpopulation in Trikala-
Meteora or the result of the inclusion in the statistical analysis of a higher number of samples. In any
case, the data collected during this preparatory action will function as baseline values to evaluate
the success of the project. In addition, the fact that no first-order relatives/migrants were detected
at this phase of the project was to be expected due to the small timeframe of the sampling period.

Other observations

Another interesting outcome of the present study was the movement of individual bears from the
western to the eastern part (or vice-versa) of the Trikala-Meteora project area. More specifically,
two individuals (i.e., # 20 and # 57; Figure 20) were captured, both, in the eastern and western part
of the Trikala-Meteora project area. This observation is the first indication of individuals moving from
the western, more robust and permanent bear sub-population to the eastern part of the project
area that was recolonized over the last decade (or vice-versa) using an existing natural corridor. This
natural corridor runs through an area with high anthropogenic activity, that will include in the near
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future the construction of a new highway. Thus, in the near future, the effects of this barrier
(highway operation) to the corridor functionality between the eastern and the western part of the
project area should be further investigated.

Kpavto

5 Ayl

57(410812022)

Figure 20 Capture locations and dates of sample #57.

Finally, we should mention that point estimates of population size based only on one sampling
session have low conservation value as they represent only a snapshot of the population. Thus, in
order to obtain more accurate point estimations, it is necessary to conduct consecutive sampling
sessions in order to increase the number of good quality samples. Moreover, scat sampling in future
surveys will help to overcome a possible underestimation of female bears.

Although, the violation of some parameters of the software CAPWIRE underlines the need to
treat estimates cautiously, the present study results support the hypothesis of a growing bear
population in the Trikala-Meteora project area that is in constant contact with neighbouring bear
populations in the Pindos range, and in a good conservation status that does not seem to be
threatened from genetic erosion in the forthcoming years. However, long-term monitoring and
management actions to maintain sufficient levels of gene flow must be of high priority. Similarly,
the results of the study indicate the presence of a robust bear population in the Amyntaio project
area.

Camera trapping

Trikala-Meteora

The results of the camera trapping efforts in the Trikala-Meteora project area indicate that:
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. In the western part of the project sub-area relative bear abundance in the majority of the
sampled plots was highest, confirming the fact of a permanent bear core population in
optimal habitat conditions.

o In the eastern part of the project sub-area, bear relative abundance in the majority of the
sampled plots was comparatively lower. However, highest values were also recorded at the
far extremity of this sampled sector. This fact acknowledges recolonization dynamics of the
bear population from W to E with the establishment of a permanent population in the eastern
sector, characterized presently by lower densities.

. The intermediate framed sector indicates and depicts a connectivity corridor showing a
continuum of bear relative abundance density values.

The above shaping of a functional corridor between W and E sectors has also been validated through
the bear habitat suitability analyses. At a certain degree the existence of this corridor has been also
evidenced through the genetic analyses approach of the autochthonous bear sub-population which
in the case of two individuals (capture-recapture) shows dispersal from W to E and vice versa.

Amyntaio

Relative abundance was highest in the wooded areas of the project area, primarily in the northern
and northwestern parts of Amyntaio. Relative bear abundance in Amyntaio was higher than in
Trikala-Meteora, likely because the population in the previous has been resident and stable in the
area for a longer time. It should be noted here, however, that the relative abundance estimates
between the two project areas are not directly comparable as we have used two different sampling
methods (i.e., stratified vs random); in overall, the results of the study regarding the relative bear
abundance and the minimum number of females with cubs of the year in both project areas should
be used as baseline values to compare at the end of the project.

GIS modelling

Trikala-Meteora

Bears use different habitat types for feeding in open areas (insects, roots), in shrublands (fruits) and
cover in dense forest landscapes (Munro et al. 2006). Bears preferred areas with high hard-mast
habitat type such as oak forest and agro forestry formations, which is consistent with other studies
(Apps et al. 2004, Nellemann et al. 2007, Martin et al. 2012). Bear presence was negatively correlated
with forest road and human activities such as grazing. Similar results have been reported for the
negative influence of the road network in bear habitat use in the eastern Alps (Guthlin et al. 2011)
and in the United States (Mace et al. 1996). In contrast, agro forestry formations indicated a positive
influence of bear habitat suitability. According to previous studies in Greece the most important
food category in spring was found to be hard mast (Quercus sp), green vegetation (i.e., wheat
Triticum sp.) and sow thistle (Sonchus oleraceus); in summer the most important food category
continued to be wheat seeds (Triticum sp.) as well as cultivated fruits-soft mass (Prunus sp. Prunus
avium). In autumn oak seeds (Quercus sp), grapes (Vitis vinifera), and apples (Malus domestica)
appeared to be the main food for brown bear.
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The results of the GIS modelling in the Trikala-Meteora project area indicated that agricultural
land habitats were important, in particular because forage is often high caloric and available in these
areas after and before the denning period. Open habitats and agricultural lands, such us cereal
fields, fallow land, orchards, vineyards etc., in combination with forest habitats (agro-forestry
formations) are important for providing food, such as wheat seeds and wild grasses. GIS modelling
in the area indicated furthermore that brown bears use agricultural land habitats close to forests,
while an important percentage of their diet consists of cultivated plants, plants from fallow lands
and hard mast (oak etc) (Akriotis et al. 2006, Mertzanis et al. 2008, Giannakopoulos et al. 2010).
Moreover, in a telemetry study 4,484 GPS locations collected on five bears over three-months, 857
(19.1%) were < 200 metres from human infrastructure. Individual use of these areas varied between
14.8 to 28.9%, with the males having the highest percentages of locations < 200 of infrastructures
bears are attracted to all three types of infrastructure, mainly because of garbage or other human
related food sources (crops and orchards) and other habitat variables do not seem to play a key role
when bears are < 200 metres of human infrastructures (Riegler 2012). Brown bears show variation
and ecological flexibility to a wide range of environmental conditions even if the study populations
are close enough. Often, habitat use differed among study areas and among individuals which
shows a variety of adaptability to specific environmental parameters (food distribution, social
behaviour and tolerance to human activities (Giannakopoulos et al. in prep).

The ecological flexibility of brown bears has been reported also in other regions (Van daele et al.
2012). On the other hand, food availability near to human landscapes increases conflicts and
mortality for large carnivores. Brown bears cause many damages on agricultural products, bee yards
and livestock every year and this increases human-caused bear mortality and illegal actions such as
the use of poisoned baits and poaching.

Based on the results of the GIS modelling the potential linkage zones for brown bears between
the Pindos Mountain range to the Antichasia Mountains are presented in Figure 21 and 22.
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Figure 21 Brown bear suitable corridors in the Trikala-Meteora project area.
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The main corridors - linkage zones and stepping stones between the Pindos Mountain (Trikala area)
range to the east (Antichassia mountain range) are:

1. Xirokampos & Oxinia village to Mikani and Agios Dimitrios
2. Xirokampos village to Mikani and Gavros
3. Elafi & Mpassia to Mourgani and Kastraki>Vlahava

In addition, the main corridors - linkage zones and stepping stones at the Antichassia Mountain
range are: Theotokos>Kerasoula>Koniskos>Gerakari>Logga.

Amyntaio

The results of the study indicate that bear habitat suitability decreased with distance from forest
and shrubland edge. We interpret the first effect as forest and shrubland edges providing an
interface between potential resources outside and refuges inside. Forest cover in itself (which can
be interpreted as providing refuge) has already been shown to be an important variable influencing
bear presence (Naves et al. 2003, Martin et al. 2012). The quadratic effects found for altitude
(consistent with (Guthlin et al. 2011), slope and percentage of agricultural land could be also due to
the interface between refuge (i.e. higher altitude, steeper slopes and fewer open spaces) and
potential resources (i.e. lower altitudes, smooth terrain and existence of crop fields).

The main corridors - linkage zones and stepping stones within the Amyntaio study area are
presented in Figure 23, while the same in relation to the surrounding area are presented in Figure
24.
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Figure 23 Main corridors - linkage zones and stepping stones within Amyntaio study area.

51

life-bearsmartcorridors.com @ﬁ.
m @lifebearsmartcorridors [ (0) 47

info@life-bearsmartcorridors.com

=



Legend 47 T oLt O "
} AT ey ]y

= [ain roads

Ursus_arctos
Value
e High 01
- Medium
Low

=

D Amyntaio project area
@® Villages and Towns

30 40 Kilometers
T O N N I O Y

Figure 24 Main corridors - linkage zones and stepping stones between the Amyntaio study area and the
surrounding area.
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