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Preface to the documents

The main aims of Action D@ A i AsSeRsmeént on the ecosystem functiprse based on the
implementation of three different but interconnected stdztionsto evaluate the population status

of the targeted speciesJfsus arctopand its functions related to the ecosystem. The evaluation of
Ursus arctogcosystem functions is corroboratéy the MAES system.

The first sukaction focuses on a second refinement of the population levels and structure
estimation in the entire project area (and in the 4 project subas separately). It was achieved
through a second field survey for the collection of biological eriat (hairs/scats for genetic
material extraction and a second cycle of population genetic analysis (in the laboratory). The main
aim of this sukaction is to be able to compare data and figures on the ovéjadus arctos
population status btween two periods of LIFE ARCPR@Mdject implementation and an in
between time interval of circa 3 years (action A2 implemented in the beginning of the project and
action D7 implemented at the end) and thus have the possibility to conclude obrigs arctos
population status and trends throughout the 5 years of project implementation and more
specificallyto consider whether the concrete conservation actions implemented during the second
half of the project have had a positive effect on these population status indicative figures.

The second subction focuses ormvaluating the ecosystem functions of Ursus arclosGreece

this task was developeih terms of zoochory involving seed dissemination through bears'
frugivorous diet, digestive tract, lorgjstance movementsand home range surfaces. This function
contributesto the longterm diversification of plant species in a given forest ecosystem, as well as
to the densification of the understoneegetation layer structureData processingevealed a notable
vertical and horizontal dispersal of seeds throughout the forest ecosystem, highlighting the
importance of the beardrugivorous diet and spatial behavior to the forestosystem'structural
operation in terms of vegetation diversity and coveralgeltaly, given the low bear density and the
consequent difficulty in collecting bear scats, the assessment of the ecosystem functions was based
on a 3steps analysis investigating the possible ecosystem functions played by bears in the Apennine
ecosystemand the functions actually played by bears in MNP basing on bear number and
distribution as well as on the presence (i.e. abundance and distribution) of other taxon playing the
same funcion. Results show that the establishment of a stable bear population is improving the
functions provided to the ecosysteraspecially iterms of seed dispersal. However, bear presence

is also contributing to the improvement of other ecosystem functions, such as scavenging and soil
layermovement.

The third sukaction focuses on the use of the Mapping and Assessing of Ecosystem Services tool
6a! 9{ 0 FANBSR 0 | 9dzZNRPLISIyYy S@St TarhiReBd\Ndhd OG A 2
impact of the LIFE ARCPROM on the provision of ecosystem sewasesvaluated through a
gualitative approach based on interviews with the project team.

In the next pagest documentsarereported, 2 for Greece, 1 for Italand 1 for both countries:

-Technical report on the second genetic analysis of Brown Bear (Ursus arctgejpsuations
in Prespa, NPindos and Rodopi Mountain Range National Pa®&&



-Technical report on Brown Bear (Ursus arctos) contribution in ecosystem functions through
zoochory in Prespa, N. Pindos and Rodopi Mountain Range NationakRzRks

- Assessment of bear distribution and numbers and effects in term of ecosystem functions in
the Maiella National ParkIT

- Mapping and Assessing of Ecosystem SergitE&R
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Abstract

This technical report is a deliverable of actDrwhich is a part of the LIFE18 NAT/GR/000768 project (LIFE
ARCPROM) and aimsreestimate the population size and genetiiwersity ofthe brown bear (Ursus arctos

L.) in Greece, througthe genetic analysis dfair samplegrom the PrespalN. Pindos and Rodopilountain-

range National Parksusingthe same set ofmicrosatellite lociMove over migrationrates and admixture
between the three studied areas were-exaluated based on the new datas@he results were discussed in
comparison tothe outcome of action A2 (2022), referring to the first study in the aforementioned areas.
Since point estimates of population size obtained with just one survey have low management value,
conservation strategies should be based on leergn monitoring with repetitive surveysThe NGS and the
subsequent amplification for 10 microsatellite loci allowed the identificatioB@uinique individuals M.
Pindos National Padturing 20222023 survey29 in Prespa National Paaskd 43 in RodopMountain-range
National Parkindicating respectively the presence of a minimum population of this size in each study area.
Expected heterozygosity values were almost the same or closaliees obtained in the study cdacted
during action A2f LIFE ARCPRQivbject, while the inbreeding coefficient value over all locisf-0.014
0.055)was low,pointing out that populations seento be in good conservation statu&ffective population
sizesestimated in D7 action was almost the samelasones obtained undegiction A2 As far as estimation

of census population size (Nc), it was tb 2 times more than effective population size belr®3 individuals

for N. Pindos NF95% CI 5149 individuals), 7thdividuals for Prespa NB5% CI 8@00 individuals) anti56
individuals for Rodogvlountain-rangeNP 05% CI being 8475 individuals)In our caseNc values that are
towards of more stable populations that they are not in risk of losing genetic diversity in the near future.
Comparing values to action A2 resultensus poplation size valueare much lower in the case of Pindos
and Prespa NRind larger in the case of Rodopi NP. This inconsistency pombdbly beattributed to alow
capture index ranging from 1.14.34. Thepopulation structure between the three studied spbpulations
revealed thatRodopi Mountainrange population is much more differentiated compared kb Pindbs and
Prespeswhichrevealed higher levels of admixtudevels of gene flow and exchange of individuals between
the western and easteriparts of the brown bear distribution range and their respective population nuclei
indicate that, over the last few years, connectivity between the two geographic regions may have been re
established to a certain extenMultiple/consecutive sampling sessioimsorder to increase the number of

good quality sampleand the recapture indeare of high importance.
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Riassunto

Questo rapporto tecnico € un risultato dell'azione D7, che fa parte del progetto LIFE18 NAT/GR/000768 (LIFE
l'w/ twhaos S KI tQ20ASGGAG2 RA NAROIfO2tFNB I RAY!
bruno (Ursus arctos L.) in Grecia, a#f& NE 2 QI yI ft AaA 3ISYySGiAOF RA OF YL
Nazionali di Prespa, Pindo e Rodopi, utilizzando lo stesso set di marcatori microsatelliti. Inoltre, il tasso di
YAINITAZ2YS S tQAYGNRINBE&AA2YS rialStatiSullaib@se delinNdvo set8li G NB
RIFGA® L NRAadzZ GFdA az2y2 adladA RA&AOdza&A Ay O2yFNRY
condotto nelle suddette aree, considerando che le stime puntuali della dimensione della popolazione
ottenutS O2y dzy QdzyAOl NRAES@GITA2yS KIyy2 dzy @Ff2NBE 3IS:
dovrebbero basarsi su un monitoraggio a lungo termine con rilevazioni ripetute.

I sequenziamento NGS e la successiva amplificazione di 10 loci microsatelliti hanno permesso

f QOARSYUGATAOFT A2yS RA on AYRADARdIZA dzy A2028, 29 r@lPartol NI 2
Nazionale di Prespa e 43 nel Parco Nazionaleodof, indicando rispettivamente la presenza di una
popolazione minima di tali dimensioni in ciascuna area di studio. | valori di eterozigosita attesa sono quasi
ARSYGAOA 2 @GAOAYA | 1jdzSttA 20G§SydziA y SHAREPROM,dzRA 2
mentre il coefficiente di consanguineita su tutti i loci (FIS = @@D55) é basso, indicando che le popolazioni
sembrano trovarsi in buono stato di conservazione. Le dimensioni effettive delle popolazioni stimate
ySttQll A2yS BrYRE2N 2 NRdS#H (S (BGGSydziS ySttQF YoAaidz |
della dimensione della popolazione censita (Nc), questa era da 1,5 a 2 volte maggiore della dimensione
effettiva della popolazione: 133 individui per il Parco NazionalePdedo (IC 95%: §149 individui), 76

individui per il Parco Nazionale di Prespa (IC 95%2@Dindividui) e 156 individui per il Parco Nazionale di
Rodopi (IC 95%: 8475 individui). In questo caso, i valori di Nc indicano popolazioni tendenzialmeniig stab

non a rischio di perdita della diversita genetica nel prossimo futuro.

I 2y FNRYGFYR2 A @Ff2NRA O2y A NRadzZ G GA RSEftQlFITA2YyS
inferiori nei Parchi Nazionali di Pindo e Prespa, e maggiori nel caso del Parco Nazionale di Rodopi. Questa
incongruenza potrebbe probabilmente ssge attribuita a un basso indice di cattura, compreso tra 1,14 e

1,34. La struttura della popolazione tra le tre sottopopolazioni studiate ha rivelato che la popolazione di
Rodopi & molto piu differenziata rispetto a quelle di Pindo e Prespa, che modivatio piu elevati di
mescolanza genetica. | livelli di flusso genico e di scambio di individui tra le parti occidentale e orientale
RStEfQFINBFItS RA RAAGNARAOdZ A2yS RSttt Q2NE2 oNHz'2 S RS
la comettivita tra le due regioni geografiche potrebbe essere stata in parte ristabilita.

E di fondamentale importanza effettuare sessioni di campionamento multiple e consecutive per aumentare

Af ydzYSNEB RA OF YLIA2YA RA o0dz2yl ljdz&qtAdt S fQAYRAOS



1. Introduction

Noninvasive genetic sampling is commonly used as a reliable alternative sampling method not only for the
genetic study of rare or elusive animal species but for the estimation of their abundance as well (Kohn &
Wayne 1997, Kohn et al. 1999, Bellemain et @03 Waits & Paetkau 2005, Luikart et al. 2010).

This methodology was applied in actioBwhich is a part of the LIFE18 NAT/GR/000768 project (LIFE
ARCPRONMaiming to estimate the population size and genetic diversity of the brown lhérgué arctos..)
in Greece, through genetic analysis of samples obtained from the Prespa ({P¥)dos (PINDNP) and
RodopiMountainrange (RMNP) National Parks. The analysis using 10 re@iedlite loci revealed that the
minimum population, as derived from genetic identification was 53, 65 and 121 number of indsviclual
MBPNP, PINDNP and RMNP, respectively. Moreover, Nc using the Capwire ddfillaret al 2005)the
estimationwas 191, 202 an@2 individuals for MBPNP, PINDNP and RMNP, respectively. However, point
estimates of population size obtained with just one survey haveclmgervationfnanagement value as they
are essentially a snapshot of the population amdy through indepth research over time safeonclusions
can be drawnaimingat establishingproperconservationmanagement strategies of thepeciegpopulations.
Moreover,the authors of Capwire software claim that accurate estimates are obtainedawidst/person
values of close to 2 (see Miller et al. 2005). In the previous studie¢action A), recapture index was lower
than 17, thusthe obtained results should be treated cautiously. As suggested, more intensive sampling

(increasing the numbeand qualityof samples) could in the futur@low more accuratepopulation size.

Therefore, the aim of the secondrsus arctosub-populations survey in the (3) National parks of GR
(under action D6f the projec) wasto genetically identify individuals and-gstimate the population size of
the beasin PrespaN. Pindos and RodopilountainrangeNational Parksbased on the genetic analysis of
new hair samples usinthe same set ofLl0 microsatellite loci. Mieeover, migration rate and admixture

between the three studied area was-evaluated based on the new data $edm this second survey

10



2. Materiak and Methods

2.1 Sampling

Sampling protocol was the same & one implemented under actioA2 of the project. Sampling was
performed by using hair trap network which was established duringFEARCPROM project and it was
revisited monthly from autumn 2028utumm 2023.The selection of these specific poles was made at the
beginning of the study after inspection of the local power pole network for recent bear signs (claw marks,
hairs or mud = active poles) Figure 1. The exact location of hair traps is given in acBer AB¢igure 2).

All hairs found on oa 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, coordinates and date
of collection and then stored a20°C in zigock bags with silica gelintil being analyzed byhe UTH

laboratory. In total,680hair sampleswvere collected

Figure 1: Activepower pole and Hair trap on power pole with hair samples collection

11
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Figure 2:fotomaps with the network ofhair traps used for the collection of 680 hair samples in the (3)
National Parks of the project in GR. (B) Pindos National Park, (b) Prespa National Park and (c) Rodopi

Mountain-range National Park.

2.2 DNA extraction from hair samples

Generally, 212 quardhairs per sample were used for DNA extraction. Under a stereoscope, hair roots were
initially cut and transferred to a 1.5 ml tube. DNA was extracted from hair roots using the «QIAMP Mini Kit»
OvAlF3ASYys 1 AfRSYS DSNXIye@Octiochtt2gAy3d GKS YI ydzFl O

The low quantity of obtained DNA does not allow direct test of successful extraction in agarose gel.
Thus, successful DNA extraction was evaluated through PCR amplification. To evaluate the amplification of

the specific locus all PCR products were eledtasjzed using 2% agarose gel.

2.3 PCR amplification of microsatellite loci
DNA was amplified for 10 commonly used microsatellite loci that were G10H, Mu26, G1D, G10X, G1A, G10P,
G10C, Mu59, G10L, Mu50. Gender identification was performed using the primers (Table 1) described by

Ennis and Gallagher (1994), which amplified the agetin gene in male and female chromosomes.

The primers that were used for each locus are shown in Table 1.

13



Table 1: Primer sequence and size range of the 10 microsatellite loci used in Ursus arctos analysis as well
as sex identification primers.

Primer Name | Sequence Size range Annealing Reference
Temperature § )
G10H F 5'-CCCAACAAGAAGACCACTGTAA
221¢257 58 Paetkauet al., 1998
G10H R 5'-CCAGAGACCACCAAGTAGGATA
GI10L F 5'-TGTACTGATTTAATTCACATIICCC
153163 58 Paetkau et al. 1995
G10L R 5'-GAAGATACAGAAACCTACCGATGC
Mu50 F 5'-GTCTCTGTCATTTCCGBATC
110¢130 54 Bellemain and Taberlet, 2004
Mu50 R 5'-AACCTGGAACAAAAATTAATAC
G10P F 5'-TACATAGGAGGAAGAAAGAT GG
149¢159 54 Paetkau et al. 1995
G10P R 5'-AAAAGGCCTAAGCTACATCG
Mu59 F 5-TGCTGCTTTGGGACATTGTAA
219¢255 58 Taberlet et al. 1997
Mu59 R 5'-CAATCAGGCATGGGGAABAA
G10C F 5'-AAAGCAGAAGGCCTTGATTTBCTG
97¢117 58 Paetkauet al., 1995
G10CR 5'-GGGGACATAAACACCGAGAGBAGC
GIDF 5-ATCTGTGGGTTTATAGGTTACATCAA
172¢184 54 Paetkauet al., 1995
G1DR 5'-CTTGATACCTAGCACCCAGCRAGG
Gl1AF 5'-GACCCTGCATACTCTCCTCBGATG
180c190 54 Paetkau et al. 1995
G1AR 5'-GCACTGTCCTGCGTAGAAGIGAC
G10X F 5'-CCCTGGTAACCACAAATETCT
132¢154 52 Paetkau et al. 1998
G1XR 5 -TCAGTTATCTGTGAAATCAAAA
Mu26 F 5'-GCCTCAAATGACAAGATBITC
182¢200 58 Bellemain and Taberlet, 2004
Mu26 R 5'-TCAATTAAAATAGGAAGGAGC
AMELO F 5Q -TGACTCCAACCCAACABQAC
206, 265 60 Ennis and Gallagher (1994)
AMELO R 5Q -CCCGCTTGGTCTTGTCT&SYGC

The amplification conditions used were: denaturation at®@4or 5min, 40 cycles at 93 for 30sec, primer

hybridization at 58C for 45sec and elongation at®@for 1min. The final elongation was performed at@2

T2N) yYAYyd ¢KS NBIOGA2ya sSNB

dzyAlak>t 120{GFNEIlj 5b!

MLIK > f

LISNF2NYSR Ay
t 2 andA0Dp Sieach dNWP), SAtzF DISANJ
F 2 NJ S| O KFreeN&ter. §ieimil gyRlingwiad pardrmed using an MJ Research (Peltier
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samples were not electrophorized after DNA extraction process

To evaluate the amplification of the specific locus all PCR products were electrophorized using 2% agarose
gel. In order to identify the exact length of each microsatellite locus that was successfully ampidied

performed capillary electrophoresis through the QlAxcel Advanced system.

2.4 Capillary electrophoresis

Highresolution capillary electrophoresis was performed using a QlAxcel® DNA high resolution kit (Qiagen)
2y  vL! EOSt I ROFIYyOSR {&8&aiGS8SY 6vAl3aASyos | O0O2NRAY 3
(Qiagen) with 10 fragment sizes ranging iresfrom 25 to 500bp was used to size PCR products. A QX
Alignment Marker (Qiagen), which consisted of@®bp fragments, was injected onto the cartridge with

each sample. The OM800 method in the ScreenGel® software (Qiagen) was used for all anadyses; thi
corresponds to a 10sec sample injection time at 5kV and 800sec separation time at 3kV. The QIAxcel system
AyeSOGSR nom>ft 2F wn>t t/w LINPRdzOGA 2y d2 | Ol NI NX
relative to the 15bp and 606bp 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 irdage @lectropherogranfor

fragment analysis (Indicative photos of the digital gel images and electropherograms of PCR products are
shown in Annex) The high detection sensitivity provided by the QlAxcel Advanced System enables robust
results even with low concentrations of nuideacid. QIAxcel Advanced system has a high resolution for

fragments smaller than 0.5kb and ensures great accuracy and confidence in data interpretation. Sample
O2yadzYLIiA2y Aa fSaa GKFYy nodm>ft LISNI Iyl fosisAar al ga

2.5 Statistical analysis

G 5 NP LJ2 dzii ¢ McKeVEyk gSchidstz2@05) was used to determine whether a sample contains

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 Strobet894) and the more conservative probability of identity among siblings-gD
Waits et al2000) weusedli KS a2 F G 6 NB aDA2002SG Od mMbdodHE S+ f ASN.

15



Observed(Ho) and expected(He) heterozygosity values for each locus and population were
calculated using GENEPOP 4.0 (Raymond and RA@&&pt Deviation fromHardy-Weinberg equilibrium
gla (GSadSR dzaAy3d CAaKSNRa 19F wid linbidsé&ddinlaes dewiedby 2y R |
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 (Kalinows@t)akas used to
evaluate pdymorphic information content (PIC), null allele probability and number of alleles for each locus

and population.

To test for recengenetic bottleneck deviations from expected heterozygosity were inferred under
the assumption of mutation drift equilibrium by either stepwise mutation model (SMM) or thepthase
model (TPM)we usedthe program BOTTLENECK 1.2.02 (Cornuet and Luikart 1996). The data were analysed
with the recommended settings (Piry et al. 1999).

TheNe of the brown bearsub-populatiors was estimated using orRgoint estimate methodologies
implemented in NeESTIMATOR 1.3 software (eeedl 2004). Ne was calculated using the linkage
disequilibrium method option of NeESTIMATOR.

Total population sizéNc)was estimated using the estimator implemented in the capgunarkg
recapturebased program for noinvasive genetic sampling CAPWIRE (Miller et al. 2005). CAPWIRE
accommodates data with multiple observations of an individual within a single session agarsipp work
well for 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
(Kaamanlidis et al. 2007), necessitated the use of the two innate rates model (TIRM) for the calculation of

population size.

The genetic structure was investigated using a Bayesian clustering method. STRUCTURE 2.3
(Pritchard, Stephens, & Donnelly, 2008@as used to infer the number of genetic clustel§. (The log
likelihoods of our data set (In Pr(X|K)) were estimated for different numbers of genetic clusters using an
admixture ancestry model based on 100000 bimsteps followed by 1000000 MCMC replicai®'e utilized
a method developed bfEvanno, Regnaut, & Goudet, 20@&§letermine the number of populations present,
based on the secondrder rate of change in the log probability of the dgfd) among 20 runs of each
assumed K using the webkd I & SR dzi A f A hit@/tayéod0.bicNdgpSidldieélu/stract_harves)/

Additionally, FSTAT 2.9.3.2 (Goudet 2001) was used to compute pairwise FST between each pair of sample

siteswhile exact test of population diferentiation was calculated WRENEPOP 4.0

Finally, we used the BayesAss (Wilson and Rannala, 2003) in order to estimate the recent migration
rates between populations. BayesAss uses Bayesian inference with Markov chain Monte Carlo (MCMC). We

used the default number of iterations population (5,0000) for the MCMC and we obtained the matrix of
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inferred (posteriommean) migration ratesindthe standard deviation of the marginal posterior distribution

for each estimate
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3. Results

3.1Norrinvasive samples quality

The total number of samples collected in the field during the whole sampling season from all (3) study areas
(National Parks) was n=680. In genetics, the quality of hairs is crucial for successful DNA extraction as well as
PCR amplification of the selectedcrosatellite markers. In the present study, only 83 (32%) samplis of
Pindos, 86 (52%) hair samples of Prespes and 104 hair samples of Rodopi (41.6%) were selected to proceed
for DNA extraction. PCR amplification of at least 6 microsatellite locethssvthe sex marker was feasible

in 35 samples (42%) froM. Pindos National Park, 39 samples from Prespe$45%) and 52 from Rodopi
Mountain ¢ range NR50%). From the total number of genotypes obtained for the 10 loci irimeasive

samples, 10% genotypes differed in the alleles between the first and the second PCR and thus a third PCR

reaction was performed.

3.2Individuals identification, genetic diversity indices and population status

3.2.1 Prespa National Park

CNRY GKS od¢d al YLI Sa 3ASy20@LISR Ay VY2NB GKIYy ¢
individualsand thus, in total,29 unique genotypes were identified in Prespa NP (Table 2). Tvosrdy
individuals of the unique bears weoaught only once, while the rest 8 individuals were capture from 2 to
three times with the mean arrest/sample ratio being 1.34. Details about the number, the location, the date
and the distance between recaptures are given in Table 3. For the majofitkof OF aSa > dii KS &
samples were collected at the same location with the excepioone individual that moved 40km. Gender
identification was achieved iall 29 unique samples. h& majority of samples (17 individuals) were males

(see Table 2with male/female ratio being 4.

All loci in the study were polymorphic, with the number of alleles per locus ranging between 4 and
10 with the mean number of alleles beifd. (Table 4)G10Hwas the less polymorphic one with an observed
heterozygosity value of 43.8%, while MU26, GaAB Mu50 wereghe most polymorphic with an observed
heterozygosity value more than 94%.all loci, heterozygotes are almost equal or more than homozygotes.
Additionally, G10H and Mu59evealed great deviation between observed and expected heterozygosity
vaues due to the presence of null alleles (Fnull=0.50 aB84respectivelyMore than 50% of the selected
markers had high PIC values (mean=0.658) pointing the high degree of informativeness of these markers in
evaluating genetic diversitithe probability of identity among siblings (F8ib)was lower than 0.05 for most
of the loci, indicating low presence of siblings and recommending that the data can be used for population

size estimation (Waits et &001).
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Concerning HardyNVeinberg tests per locusalmost all logi deviate from HardgWeinberg
equilibrium Additionally,the population is noin HardycWeinberg equilibrium. The inbreeding coefficient
value over all loci were very lovir§& 0.(85) indicating lack of heterozygosity deficiency and thus lack of
inbreeding The mean observed heterozygosity was 0.7269, and the unbiased expected heterozygosity was
0.7110.

Tests for bottleneck phenomena wermmn-significantfor both stepwise and two mutation phase
models for any sample (0.05<P<0.37 and 0.04<P<0.06 respectively) and showed nacimged

distributions in mode shift. Thus, the analysis showed no evidence of a recent genetic bottleneck.
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Table 2: Twenty nine (29) unigue genotypes, representing 29 different bears and their gender (G) in Prespes area

Sample

code Location G G10H G10X G1A G10P G10C MU59 G10L

D.URA47 | Prespes XX | 228 | 258 | 188 | 196 | 190 | 190 | 146 | 150 0 0 150 | 160 | 118 | 122 | 243 | 243 | 168 | 170 | 110 | 116
D.UR48 | Prespes XX | 228 | 228 | 188 | 196 | 186 | 190 | 146 | 148 | 191 | 193 | 150 | 160 | 96 96 | 243 | 251 | 168 | 170 | 112 | 116
D.UR54 | Prespes XY | 226 | 232 | 188 | 196 | 186 | 190 | 146 | 146 | 191 | 193 | 160 | 160 | 118 | 122 | 231 | 243 | 168 | 170 | 112 | 120
D.UR56 | Prespes XX | 260 | 260 | 188 | 196 | 182 | 190 | 136 | 136 | 181 | 181 | 150 | 156 | 124 | 126 | 243 | 243 | 168 | 170 | 112 | 118
D.URS57 | Prespes XY | 244 | 260 | 188 | 200 0 0 146 | 146 | 191 | 193 | 152 | 160 | 112 | 118 0 0 168 | 170 | 112 | 116
D.URS59 | Prespes XY | 242 | 258 | 192 | 196 | 186 | 190 | 146 | 154 | 181 | 181 | 152 | 160 | 112 | 118 | 251 | 251 | 170 | 170 | 112 | 116
D.UR69 | Prespes XY | 234 | 234 | O 0 190 | 190 | 146 | 154 | 189 | 193 | 148 | 152 | 108 | 112 0 0 168 | 170 | 116 | 116
D.UR71 | Prespes XY 0 0 192 | 200 | 190 | 190 | 146 | 148 | 191 | 193 | 152 | 156 | 108 | 118 | 251 | 251 | 160 | 168 | 112 | 116
D.UR72 | Prespes XY 0 0 188 | 196 0 0 146 | 148 | 191 | 193 | 150 | 156 | 96 96 | 241 | 241 | 168 | 170 | 110 | 118
D.UR76 | Prespes XX 0 0 0 0 190 | 190 | 146 | 146 | 189 | 191 | 154 | 160 | 118 | 122 | 231 | 251 | 160 | 170 | 110 | 112
D.UR78 | Prespes XX | 234 | 238 | 188 | 196 | 190 | 190 | 146 | 146 | 189 | 191 | 154 | 160 | 118 | 122 0 0 160 | 170 | 110 | 112
D.UR86 | Prespes XY 0 0 184 | 188 | 190 | 190 | 146 | 146 | 193 | 193 | 150 | 160 | 118 | 122 | 231 | 231 | 168 | 170 | 112 | 116
D.UR87 | Prespes XY | 242 | 242 | 188 | 200 | 186 | 190 | 146 | 154 | 191 | 193 | 152 | 160 | 112 | 118 | 251 | 251 | 168 | 170 | 112 | 116
D.UR90 | Prespes XY 0 0 184 | 184 | 186 | 190 | 146 | 146 | 191 | 193 | 150 | 156 | 118 | 122 | 231 | 239 | 160 | 162 | 110 | 112
D.UR201| Prespes XY | 242 | 242 | 188 | 200 | 190 | 190 | 146 | 154 | 191 | 193 | 146 | 152 | 108 | 112 | 251 | 251 | 168 | 170 | 112 | 116
D.UR207| Prespes XX 0 0 196 | 200 | 190 | 190 | 146 | 154 | 193 | 193 | 156 | 160 | 118 | 120 | 231 | 239 | 160 | 168 | 112 | 118
D.UR208| Prespes XY 0 0 188 | 196 | 190 | 190 | 146 | 154 | 193 | 193 | 150 | 156 | 112 | 118 | 243 | 243 | 168 | 170 | 110 | 112
D.UR214| Prespes XX 0 0 188 | 192 | 186 | 190 | 146 | 146 | 191 | 193 | 150 | 152 | 96 96 | 231 | 241 | 160 | 164 | 112 | 116
D.UR216| Prespes XX 0 0 188 | 200 | 190 | 190 | 146 | 148 | 191 | 193 | 150 | 156 | 118 | 122 | 239 | 251 | 170 | 170 | 112 | 118
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Sample

code Location G G1A G10P G10C MU59

D.UR217| Prespes XY 0 0 196 | 200 0 0 146 | 150 | 191 | 193 | 140 | 140 | 108 | 112 | 241 | 241 | 160 | 160 | 112 | 118
D.UR218| Prespes XY 0 0 200 | 200 0 0 146 | 146 | 191 | 193 | 150 | 156 | 96 96 | 239 | 251 | 160 | 170 | 112 | 116
D.UR219| Prespes XY 0 0 182 | 184 | 190 | 190 | 146 | 146 | 191 | 193 | 150 | 154 | 112 | 118 | 231 | 231 | 160 | 164 | 110 | 112
D.UR220| Prespes XY | 234 | 234 | 182 | 184 | 182 | 184 | 136 | 136 | 189 | 193 | 150 | 156 | 118 | 122 | 231 | 251 | 160 | 170 | 110 | 120
D.UR222| Prespes XX 0 0 192 | 200 | 186 | 190 | 146 | 146 | 191 | 193 | 150 | 156 | 110 | 120 | 239 | 251 | 160 | 170 | 112 | 116
D.UR224| Prespes XY | 234 | 244 | 184 | 196 | 186 | 190 | 146 | 146 | 191 | 193 | 148 | 156 | 118 | 122 | 231 | 231 | 160 | 170 | 110 | 116
D.UR229| Prespes XX | 244 | 244 | 196 | 200 | 186 | 190 | 146 | 154 | 191 | 193 | 150 | 156 | 112 | 118 | 251 | 251 | 168 | 170 | 112 | 116
D.UR249| Prespes XX | 234 | 244 | 188 | 196 | 190 | 190 | 146 | 150 | 193 | 193 | 150 | 152 | 118 | 122 | 241 | 251 | 170 | 170 | 112 | 118
D.UR252| Prespes XX | 260 | 260 | 184 | 192 | 186 | 190 | 146 | 154 | 189 | 193 | 156 | 160 | 114 | 120 | 231 | 241 | 160 | 164 | 112 | 116
D.UR255| Prespes XY | 260 | 260 | 188 | 200 | 186 | 190 | 146 | 146 | 193 | 193 | 150 | 156 | 114 | 120 | 231 | 239 | 160 | 170 | 112 | 116
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¢lofS oY ¢KS y aNBOFLIIdzZNBRE 0SFENB |yR GKS YI EAYdzy
Bear Area 1%t capture 2nd capture 3 capture Gender
8/6/22
D.UR59 Pres@a NP 8/6/22 - Male
0,35km
10/11/22
D.UR76 Presm NP 1/1122 - Female
40km
1/11/22
D.UR87 Pres@a NP 1/11/22 Male
Om
1/11/22
D.UR90 Pres@a NP 1/11/22 Male
Om
24/8/23 24/8/23
D.UR201 Pres@a NP 24/8/23 Male
Om 0,5km
24/8/23
D.UR214 Pres@a NP 24/8/23 - Female
Om
12/5/23 12/5/23
D.UR224 Pres@a NP 12/5/23 Male
Om 4km
12/5/23
D.UR252 Pres@a NP 12/5/23 - Female
Om

Table 4: Number of alleles (A), number of analysedividuals per locus (N), expected and observed
heterozygosity (He, Ho), probability value for Harlyeinberg tests (PHW), polymorphic information
content (PIC), null alleles per locus (Fnull), inbreeding coefficient (Fis), probability of identity éPldDihe

probability of identity among siblings (PH3ib) for Prespa NP brown bear population.

Locus | A N Ho He PIC HW Fis Foull PID PIDSib

GI1OH |9 16 | 0.438 0.867 0.820 0.000 0.5035 | 0.504 7.92E02 | 3.81E01
Mu26 6 26 | 0.923 0.807 0.759 0.0441 | -0.127 -0.147 5.93E03 | 1.42E01
G1D 4 25 | 0.520 0.440 0.379 0.0507 | -0.156 -0.186 1.93E03 | 8.23E02
G10X |5 29 | 0.517 0.526 0.488 0.0325 | 0.0164 | 0.016 3.83E04 | 4.15E02
DvmB |4 28 | 0.750 0.627 0.550 0.0000 | 0.0301 | -0.201 8.07E05 | 2.04E02
G10P | 8 29 | 0.931 0.812 0.769 0.0065 | -0.189 -0.149 8.25E06 | 8.22E03
Gl10C |10 |29 | 0.862 0.834 0.798 0.0000 | 0.035 -0.035 3.40E07 | 2.77E03
MU59 | 5 26 | 0.500 0.781 0.728 0.0062 | 0.364 0.364 3.01E08 | 1.07E03
G10L 5 29 | 0.862 0.698 0.630 0.0082 | 0.0024 | -0.024 4.99E09 | 4.96E04
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Locus | A N Ho He PIC HW Fis Fhull PID PIDSib
MU50 | 5 29 | 0.966 0.719 0.658 0.0@2 | -0.351 0.0351 7.49E10 | 2.20E04
Mean 6.1 0.7269 | 0.7110 | 0.6580 0.000 | 0.055 -0.022
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As far as population size, 29 individuals were identified in total according to their composite
genotype (Table 2). Thus, the minimum population size of bears was 29 in Prespa National Park during 2022
2023 survey. Point estimates of Ne was found 38 uNel§STIMATOR (95% C833

l'a FEtNBIFRe YSY(iA2ySR>Y (KS ydzvYoSNJI 2F G NBOIF LI dzNJ
o0Vd az2zald 2F GKS AYRAGARdAzZ-fa 6SNB aOI LJidzZNERE 2yt @
two times. Specifically, 6 individuals were capturedcevand two individuals three times. Another
interesting observation is the lordjstance movement of one female individual that travelled eastwards at
a distance of 40km overpassing the Prespa NP lake basin ecosystem natural barriers (mount Varnoudas) and
heading to the plain of Florina (a totally humanized type of ecosystem. This is a rare observation bearing in
mind that female brown bear individuals are philopatric exhibiting smaller home ranges than males and
moving into shorter distances from their neanal area. The analysis with program CAPWIRE which is based
on the number of captures and recaptures, assuming all samples have been collected in a single sampling
session, resulted in a point estimatioNd) of (76) individuals for Prespa NRith 95% confidence interval
(CI) was80-200 individuals Confidence interval is broad (> 50% of point estimation), probably because of

the low number of recaptures in relation to the total number of captures.

3.2.2N. Pindos National Park

CNRY (GKS op &b YL Sa 3ISy208LISR Ay Y2NB (KIy c
individualsand thus, in total 30 unique genotypes were identified iN. Pindos NP (Table 5). Twersix
individuals of the unigue bears wecaught only once, while the rest three individuals were captured 2 times,
while only one was captured three times with the mean arrest/sample ratio being 1.14. Details about the
number, the location, the date and the distance between recaptures are gign ¢ | 6t S c @@ ¢ KS «a
samples were collected either at the same location, or at different locatiom in relatively short distances
(maximum distance 3km). Gender identification was achievedah 30 unique samples. F&t. Pindos,

femaleswere double than malesvith female/male ratio being 2:1.

InN. PindosNPpopulation, as in PregpNR all loci in the study were polymorphic, with the number
of alleles per locus ranging between 4 @&hdith the mean number of alleles beirftg4 (Table 7)G10Hwas
the least polymorphic one with an observed heterozygosity val@3d#%o, while G1A, G1l@@d Mu50 were
the most polymorphic with an observed heterozygosity value more than 2%l loci, heterozygotes are
much morenumerousthan homozygoteswith the exception of GaH. Additionally, G1(H revealed geat
deviation between observed and expected heterozygosity values due to the presence of null alleles

(Fuw=0.43). Most of the selected markers had moderate PIC values (mean=0.6087) pointing the
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informativeness of these markers in evaluating genetic diver$tg. probability of identity among siblings

(PIDSib)was lower than

0.05 for most of the loci, indicating low presence of siblings and recommending that the data can be used for

population size estimation.

Concerning HardyWeinberg tests per locus, revealstitisticallysignificant deviatiorirom Hardyg
Weinberg equilibriunfor six loci Additionally,the population was noin HardygWeinberg equilibrium. The
inbreeding coefficient value over all loci were very low=(6029) indicating lack of heterozygosity deficiency
and thus lack of inbreedingrhe mean observed heterozygosity was 0.738, and the unbiased expected

heterozygosity was 0.6721.

Tests for bottleneck phenomena wermn-significantfor both stepwise and two mutation phase
models for any sample (0.35<P<0.92 and 0.04<P<0.08 respectively) and showed nacimped.

distributions in mode shift. Thus, the analysis showed no evidence of a recent genetic bottleneck.

25



Table 5: 30 unique genotypes, representing 30 different bears and their gender (&)Rimdos National Park study area

S:(;gz'e Location| G G10H G10X G1A G10P G10C MU59 G10L

D.UR98 | Pindos | XY | 234 | 234 | 192 | 196 | O | O | 146 | 154 | 191 | 193 | 150 | 156 | 120 | 126 | 231 | 239 | 160 | 162 | 110 | 112
D.URL02| Pindos | XY | 234 | 234 | 184 | 188 | 180 | 186 | 146 | 150 | 189 | 193 | 150 | 160 | 122 | 126 | 243 | 251 | 170 | 170 | 116 | 118
D.URL03| Pindos | XY | O | O | 188 | 200 | 186 | 190 | 146 | 148 | 191 | 193 | 160 | 160 | 118 | 120 | 251 | 251 | 170 | 170 | 112 | 116
D.URLLL| Pindos | XY | 234 | 234 | 188 | 196 | 186 | 190 | 146 | 150 | 191 | 193 | 156 | 160 | 118 | 122 | 231 | 241 | 170 | 170 | 110 | 112
D.URL14 Pindos | XY | 244 | 244 | 188 | 196 | 186 | 190 | 146 | 150 | 191 | 193 | 156 | 160 | 118 | 122 | 231 | 231 | 160 | 164 | 110 | 112
D.UR122| Pindos | XX | O | O | 184 | 184 | 190 | 190 | 146 | 148 | 185 | 191 | 160 | 160 | 120 | 126 | 231 | 239 | 170 | 170 | 110 | 112
D.UR123[ Pindos | XX | O | O | 184 | 196 | 190 | 190 | 146 | 148 | 185 | 191 | 160 | 160 | 120 | 126 | 231 | 239 | 170 | 170 | 110 | 112
D.URL25| Pindos | XX | 242 | 248 | 188 | 196 | 186 | 186 | 146 | 150 | 191 | 193 | 148 | 156 | 120 | 126 | 0 | 0 | 170 | 170 | 110 | 112
D.URL41| Pindos | XX | 234 | 234 | 184 | 188 | 186 | 190 | 146 | 150 | 191 | 193 | 160 | 160 | 122 | 126 | 241 | 251 | 170 | 170 | 110 | 112
D.UR142| Pindos | XX | O | O | 184 | 188 | 186 | 190 | 146 | 150 | 191 | 193 | 160 | 160 | 122 | 126 | 241 | 251 | 170 | 170 | 110 | 112
D.UR147| Pindos | XY | 234 | 238 | 188 | 196 | 186 | 190 | 146 | 148 | 191 | 193 | 160 | 160 | 118 | 122 | 241 | 241 | 168 | 170 | 112 | 116
D.UR149| Pindos | XX | O | O | 188 | 196 | 190 | 190 | 146 | 150 | 191 | 193 | 160 | 160 | 120 | 126 | 231 | 239 | 170 | 170 | 110 | 112
D.URL51| Pindos | XX | 244 | 244 | 184 | 184 | 190 | 190 | 146 | 154 | 191 | 193 | 160 | 160 | 118 | 122 | 243 | 243 | 170 | 170 | 110 | 112
D.URL54) Pindos | XX | 234 | 242 | 188 | 196 | 186 | 190 | 146 | 154 | 191 | 193 | 156 | 160 | 122 | 126 | 241 | 243 | 160 | 170 | 110 | 116
D.UR158| Pindos | XX | O | O | 184 | 192 | 186 | 190 | 146 | 150 | 189 | 191 | 150 | 152 | 118 | 122 | 231 | 251 | 164 | 168 | 110 | 112
D.UR162| Pindos | XY | 244 | 244 | 188 | 200 | 186 | 190 | 146 | 154 | 185 | 185 | 156 | 160 | 120 | 122 | 231 | 251 | 0 | 0 | 112 | 120
D.URL64| Pindos | XX | 234 | 244 | 188 | 196 | 184 | 190 | 146 | 154 | 180 | 193 | 148 | 166 | 118 | 122 | 231 | 251 | 0 | 0 | 110 | 112
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Sample

code Location| G G1A G10P Gl10C MU59

D.UR179| Pindos XY | 244 | 244 | 184 | 192 | 190 | 190 | 146 | 148 | 193 | 193 | 160 | 160 | 122 | 126 | 231 | 239 | 168 | 170 | 110 | 112
D.UR182| Pindos XY | 244 | 244 | 184 | 196 | 184 | 186 | 146 | 148 | 191 | 193 | 156 | 160 | 122 | 126 | 239 | 251 | 170 | 170 | 110 | 112
D.UR188| Pindos XX | 244 | 260 0 0 186 | 190 | 146 | 146 0 0 160 | 160 | 122 | 124 0 0 0 0 110 | 112
D.UR191| Pindos XX 0 0 184 | 188 | 186 | 190 | 146 | 146 | 191 | 193 | 160 | 160 | 122 | 126 0 0 168 | 170 | 110 | 112
D.UR195| Pindos XX | 244 | 244 | 184 | 192 | 186 | 190 | 142 | 146 | 191 | 193 | 150 | 154 | 108 | 118 | 231 | 231 | 160 | 162 | 110 | 112
D.UR196| Pindos XX 0 0 192 | 200 | 186 | 190 | 146 | 150 | 191 | 193 | 150 | 154 | 120 | 124 | 239 | 239 0 0 110 | 112
D.UR232| Pindos XX | 242 | 260 | 192 | 196 | 186 | 190 | 146 | 148 0 0 156 | 160 | 108 | 122 0 0 160 | 162 | 112 | 116
D.UR233| Pindos XX 0 0 200 | 200 | 186 | 190 0 0 0 0 156 | 160 | 112 | 120 | 251 | 251 | 160 | 170 | 110 | 112
D.UR234| Pindos XX | 244 | 244 | 188 | 196 | 190 | 190 | 146 | 154 | 189 | 193 | 160 | 160 | 96 96 0 0 170 | 170 | 110 | 112
D.UR235| Pindos XX | 244 | 244 | 184 | 196 | 186 | 190 | 146 | 148 | 191 | 193 | 152 | 156 | 122 | 126 | 241 | 251 | 160 | 170 | 112 | 112
D.UR238| Pindos XY | 242 | 242 | 192 | 196 | 190 | 190 | 142 | 146 | 191 | 193 | 156 | 160 | 96 96 | 231 | 239 | 160 | 162 | 110 | 116
D.UR243| Pindos XX | 260 | 260 | 184 | 200 | 186 | 190 | 146 | 150 | 191 | 193 | 150 | 160 | 120 | 126 | 231 | 241 | 170 | 170 | 110 | 112
D.UR245| Pindos XX | 244 | 244 | 184 | 184 | 186 | 190 | 146 | 146 | 191 | 193 | 160 | 160 | 110 | 118 0 0 160 | 170 | 110 | 112
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¢FotS cY ¢KS F2dzNJ aNBOI LIidzNBRé 06 S| NE NPhdbs 6 KS YI EA
National Park study area

Bear Area 1st capture 2nd capture 31 capture Gender
711122
D.URO3 Pindos 5/11/22
6km Male
1/7/23 17/23
D.UR142 Pindos 1/7/23 Fenale
Okm 3km
14/7/23
D.UR164 Pindos 14/7/23 - Ferale
13km
4/6/23
D.UR188 Pindos 4/6/23 - Fenale
Oom

Table 7: Number of alleles (A), number of analysedividuals per locus (N), expected and observed
heterozygosity (He, Ho), probability value for Harilyeinberg tests (PHW), polymorphic information
content (PIC), null alleles per locus (Fnull), inbreeding coefficient (Fis), probability of identity @nkiDihe
probability of identity among siblings (PH3ib) forN. Pindos NP brown bear population.

Locus | A N Ho He PIC HW Fnull Fis PID PIDSib
1.491E

GI10H | 6 21 | 0.286 | 0.697 0.634 | 0.000 0.4308 | 0.463 0001 4.51E01
1.304E

Mu26 | 5 29 | 0.862 | 0.786 0.735 | 0.0511 | -0.0576 | -0.054 | 0002 1.73E01
4.085E

G1D 4 29 | 0.724 | 0.540 0.436 | 0.0719 | -0.1557 | -0.038 | 0003 9.76E02
7.025E

G10X |5 29 | 0.897 | 0.646 0.596 | 0.022 -0.2284 | -0.088 | 0004 4.64E02
1.473E

G1A 4 27 | 0.926 | 0.637 0.552 | 0.000 -0.2191 | 0.0125 | 0004 2.26E02
2.962E

G10P | 6 30 | 0.567 | 0.597 0.547 | 0.0038 | 0.0540 | -0.024 | 0005 0.01133
1.801E

Gi0C | 9 30 | 0.933 | 0.821 0.782 | 0.000 -0.0845 | 0.048 0006 4.07E03
1.801E

MU59 | 5 24 | 0.708 | 0.786 0.733 | 0.1738 | 0.0357 | 0.236 0006 1.58E03
3.407E

G10L 5 27 | 0519 | 0.588 0.538 | 0.0045 | 0.1030 | -0.589 | 0008 8.02E04
3.407E

MUS0 |5 30 | 0.967 | 0.622 0.534 | 0.000 -0.2425 | 0.0313 | 0008 4.00E04

Mean 54 0.738 | 0.6721 | 0.6087 | 0.000 0.029




Regardingpopulation size, in total 30 individuals were identified according to their composite
genotype (Table 5). Thus, the minimum population size of bear8@iasglividualsin N. Pindos National Park
during 20222023 surveyPoint estimates ofNefor N. Pindos NP was 9/5ingNeESTIMATORBS% CI=38-
300).

'a | fNBIFIRe& YSYGA2ySRYI (GKS ydzYoSNI 2F aNBOI LI dzNJ
cuU® az2ald 2F (GKS AYRAODGARdIzZ a4 6SNB GO LJGdZNBRE 2yt @
times. Specifically, three individuals Nf Pindos National Park were captured twice, while only one was

captured three times.

The analysis with the CAPWIRE program (capture index=1.14) resulted in a point estimation (Nc) of
133 individuals folN. Pindos NP with a 95% confidence interval (CI) for a population range-bf%1
individuals. As mentioned in Prespes analysis, confidence interval is broad (> 50% of point estimation),

probably because of the low number of recaptures in relation to theltotember of captures.

3.2.3 Rodopi Mountain Range National Park

CNRY GKS pu &l YLXSa 3ISy20G@LISR Ay Y2NB GKIyYy ¢
individualsand thus, in total, 43 unique genotypes were identified in Rodopi NP (Ta)le Thirty-six
individuals of the unique bears weoaught only once, while the rest 7 individuals were capture from 2 to
three times with the mean arrest/sample ratio beitg? Details about the number, the location, the date
and the distance between recaptures are given in T@dle C2 NJ G KS YI 22NRG& 2F (K¢
samples were collected at the same location with the exception with one individual that moved 10km.
Gender identification was achievedafi 43 unique samples. Malesitnumberfemales (se Table 8) with

male/female ratio being 26.

All loci in the study were polymorphic, with the number of alleles per locus ranging between 4 and 12 with
the mean number of alleles beir@2 (Tablel0). G10Hwas the last polymorphic one with an observed
heterozygosity value of 39.5%, whileuR6, G10@&nd Mu50 werehe most polymorphic with an observed
heterozygosity value more than 80%. all loci, heterozygotes are almost equal or marenerousthan
homozygotes.Additionally, G10Hrevealed great deviation between observed and expected heterozygosity
values followed by M59 due to the presence of null allelédore than 60% of the selected markers had high

PIC values (mean=0.618) pointing the high degree of informativeness of these markers in evaluating genetic

diversity.



Concerning HardyWeinberg tests per locus, almost all loci, deviate from HaWdginberg
equilibrium Additionally, as in the previous cases of PrespesMiindosthe population is notn Hardyg
Weinberg equilibrium with very low inbreeding coefficient value over all lsi00140).The mean observed
heterozygosity was 699, and the unbiased expected heterozygosity wag80. All tests for bottleneck
phenomena werenon-significant(0.06<P<0.357) and showadrmal lshaped distributions in mode shift.

Thus,the analysis showedo evidence of a recent genetic bottleneck.




Table 8: 43 unique genotypes, representing 43 different bears and their gender (G) in Rodopi National Park study area

f(‘;"d";p'e Location | @ G10H G10X G1B G10P G10C MU59 G10L

D.URL Rodopi XY | 234 | 234 146 | 150 | 191 | 193 | 156 | 160 | 112 | 126 | 239 | 239 | 168 | 170

D.URIL | Rodopi XX | 260 | 260 | 192 | 200 | 190 | 190 | 146 | 146 | 191 | 193 | 150 | 156 | 108 | 108 | 239 | 239 | 164 | 168 | 116 | 118
D.URI3 | Rodopi XY | 242 | 260 | 192 | 196 | 182 | 190 | 154 | 154 | 191 | 193 | 144 | 156 | 118 | 118 | 251 | 251 | 0 | O | 112 | 116
D.UR14 | Rodopi XX | 260 | 260 | 0 0 | 184 | 186 | 146 | 148 | 101 | 103 | 152 | 156| 98 | 98 | 231 | 251 | 168 | 170 | 110 | 118
D.UR18 | Rodopi XY | 248 | 260 | 184 | 196 | 0 0 | 146 | 148 | 183 | 189 | 156 | 160 | 108 | 126 | 239 | 251 | 168 | 170 | 110 | 112
D.UR20 | Rodopi XY | 0 0 | 188 | 200 | 184 | 186 | 146 | 146 | 193 | 193 | 156 | 160 | 96 | 96 | 251 | 251 | 168 | 170 | 110 | 110
D.UR23 | Rodopi XY | 228 | 258 | 200 | 200 | 186 | 190 | 146 | 154 | 191 | 193 | 160 | 160 | 112 | 122 | 239 | 239 | 0 | 0 | 110 | 112
D.UR260 | Rodopi XX | 258 | 258 | 200 | 200 | 188 | 190 | 146 | 154 | 193 | 193 | 148 | 156 | 108 | 120 | 231 | 251 | 168 | 170 | 112 | 116
D.UR262 | Rodopi XX | 258 | 258 | 192 | 196 | 186 | 190 | 146 | 154 | 191 | 193 | 160 | 160 | 108 | 120 | 239 | 241 | 0 | 0 | 112 | 116
D.UR264 | Rodopi XX | 258 | 258 | 200 | 200 | 190 | 190 | O | O | 189 191 | 152 | 156 | 118 | 122 | 251 | 251 | 160 | 162 | O 0
D.UR267 | Rodopi XX | 260 | 260 | 192 | 196 | 186 | 190 | 146 | 154 | 103 | 193 | 160 | 160 | 122 | 126 | 231 | 241 | 168 | 170 | 0 0
D.UR268 | Rodopi XX | 260 | 260 | 188 | 196 | 182 | 190 | 146 | 154 | 101 | 193 | 160 | 160 | 122 | 126 | 231 | 251 | 168 | 170 | 0 0
D.UR272 | Rodopi XY | 258 | 260 | 184 | 188 | 186 | 190 | 146 | 154 | 193 | 193 | 160 | 160 | 122 | 126 | 227 | 239 | 168 | 170 | O 0
D.UR275 | Rodopi XY | 234 | 234 | 188 | 196 | 182 | 190 | 146 | 150 | 101 | 193 | 160 | 160 | 126 | 126 | 239 | 239 | 168 | 170 | 110 | 116
D.UR277 | Rodopi XY | 248 | 256 | 188 | 200 | 182 | 186 | 146 | 150 | O | O | 160| 160 | 106 | 126 | 239 | 251 | 168 | 170 | 110 | 112
D.UR278 | Rodopi XX | 258 | 260 | 188 | 200 | 180 | 186 | O | O | 103 | 193 | 160 | 160 | 122 | 126 | 251 | 251 | 168 | 170 | 110 | 118
D.UR280 | Rodopi XX | 258 | 258 | 200 | 200 | 190 | 190 | 146 | 154 | 193 | 193 | 160 | 160 | 106 | 126 | 231 | 251 | 168 | 170 | 110 | 112
D.UR282 | Rodopi XY | 234 | 258 | 192 | 200 | 186 | 190 | 146 | 154 | 193 | 193 | 160 | 160 | 110 | 120 | 239 | 239 | 168 | 170 | 110 | 112
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Sample

code Location G G10H G10X G1B G10P G10C MU59 G10L

D.UR285 Rodopi XX 242 | 258 192 196 186 | 190 | 146 | 146 | 191 | 193 | 152 | 160 | 120 124 231 239 168 | 170 116 116
D.UR287 Rodopi XY 260 | 260 200 200 182 | 186 | 146 | 146 | 191 | 191 | 148 | 156 | 112 118 239 239 170 | 170 110 116
D.UR289 Rodopi XX 252 | 260 188 196 188 | 190 | 146 | 154 | O 0 156 | 160 | 110 122 239 251 168 | 170 116 122
D.UR29 Rodopi XX 256 | 256 184 196 186 | 190 | 150 | 154 | 191 | 193 | 152 | 160 | 108 118 231 231 170 | 170 110 116
D.UR292 Rodopi XY 258 | 258 188 196 182 | 190 | 154 | 154 | 191 | 193 | 148 | 150 | 108 120 231 239 0 0 112 116
D.UR293 Rodopi XY 242 | 258 188 196 180 | 186 | 146 | 154 | 193 | 193 | 160 | 160 | 118 124 251 251 164 | 168 112 116
D.UR294 Rodopi XY 260 | 260 188 196 188 | 190 | 146 | 150 | 191 | 193 | 160 | 160 | 108 110 231 251 168 | 170 112 116
D.UR295 Rodopi XY 0 0 0 0 180 | 180 | 146 | 146 | 193 | 193 | 152 | 160 | 106 106 251 251 168 | 170 116 120
D.UR296 Rodopi XX 260 | 260 192 200 188 | 190 | 154 | 154 | 193 | 193 | 152 | 160 | 108 118 231 231 0 0 112 116
D.UR297 Rodopi XY 260 | 260 192 200 188 | 190 | 146 | 154 | 193 | 193 | 148 | 156 | 110 120 239 251 168 | 170 110 116
D.UR298 Rodopi XX 260 | 260 0 0 190 | 190 | 146 | 154 | 193 | 193 | 160 | 160 | 106 124 231 239 168 | 170 110 116
D.UR299 Rodopi XX 258 | 260 192 192 190 | 190 | 146 | 154 | 193 | 193 | 160 | 160 | 108 120 231 239 0 0 0 0
D.UR3 Rodopi XX 234 | 244 0 0 0 0 146 | 146 | O 0 160 | 160 0 0 239 239 168 | 170 110 112
D.UR301 Rodopi XY 258 | 258 192 196 190 | 190 | 146 | 154 | O 0 156 | 160 | 110 126 0 0 168 | 170 112 116
D.UR302 Rodopi XY 258 | 258 188 196 190 | 190 | 154 | 154 | O 0 156 | 160 | 112 124 239 239 0 0 110 116
D.UR307 Rodopi XY 260 | 260 188 196 188 | 190 0 0 191 | 193 | 156 | 160 | 108 120 239 239 168 | 170 112 116
D.UR308 Rodopi XY 234 | 242 192 196 180 | 186 0 0 193 | 193 | 160 | 160 | 110 118 231 251 0 0 112 116
D.UR309 Rodopi XY 242 | 260 192 196 188 | 190 | 154 | 154 | 191 | 193 | 156 | 160 | 110 120 231 239 168 | 170 112 116
D.UR310 Rodopi XY 242 | 260 192 196 188 | 190 | 146 | 150 | 193 | 193 | 148 | 156 | 110 118 239 251 0 0 112 116
D.UR35 Rodopi XY 258 | 258 200 200 182 | 186 | 150 | 154 | 191 | 193 | 156 | 160 | 106 108 241 251 168 | 170 112 116
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Sample

code Location G G10H G10X G1B G10P G10C MU59

D.UR40 Rodopi XY 0 0 188 200 186 | 190 | 146 | 148 | 193 | 193 | 156 | 160 | 112 118 241 241 170 | 170 112 116
D.UR43 Rodopi XX 258 | 258 196 200 180 | 190 | 146 | 146 | O 0 | 156 | 160 | 108 118 239 241 168 | 170 112 118
D.UR45 Rodopi XX 0 0 188 196 186 | 190 | 150 | 154 | 191 | 193 | 156 | 160 | 104 122 231 231 170 | 170 112 116
D.UR46 Rodopi XY 258 | 258 184 200 186 | 186 | 146 | 150 | 193 | 193 | 152 | 160 | 112 122 231 251 168 | 170 110 116
D.UR5 Rodopi XX 0 0 0 0 186 | 186 0 0 191 | 193 | 160 | 160 | 108 126 0 0 168 | 170 110 112
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Park study area

Table 10: Number of alleles (A), number of analydadividuals per locus (N), expected and observed

heterozygosity (He, Ho), probability value for Harlyeinberg tests (PHW), polymorphic information

¢tKS aS@Sy AaNBOI LJidzZNBRé¢ o0SI NE
Bear Area Istcapture | 2"dcapture | 3dcapture | Gender
15/12/22 15/09/22
D.UR Rodopi 12/09/22
Okm 4km Male
111122
D.UR129 Rodopi 111122 Fenale
Okm
5/7/123
D.UR275 Rodopi 5/7/23 - male
Okm
D.URS82 23/6/23 23/6/23
Rodopi 23/6/23 male
Om Om
23/6/23
D.URS87 Rodopi 23/6/23 Ferale
Om
D.URS9 3/11/23
Rodopi 3/11/23 Female
Om
D.UR97 21/06/23
Rodopi 19/05/23 male
10km

content (PIC), null alleles per locus (Fnull), inbreeding coefficient (Fis), probability of identity ékdDihe

probability of identity among siblings (PH3ib) for Rodopi NP brown bear population.

Locus | A N Ho He PIC HW Fnull Fis PID PIDSib

G10H | 9 38 | 0.395 | 0.73 0.677 0 0.3068 | 0.596 1.32E01 | 4.29E01
Mu26 | 5 38 | 0816 | 0.774 | 0.724 0.0003 | -0.0339 | -0.0989 | 1.27E02 | 1.68E01
G1D 6 39 | 0.744 | 0.717 | 0.667 0.1006 | -0.0289 | -0.3486 | 1.59E03 | 7.19E02
G10X | 4 38 | 0.684 | 0.629 | 0.55 0.697 -0.0546 | -0.3973 | 3.36E04 | 3.52E02
G1A 4 37 | 0.514 | 0457 | 0.381 0.0168 | -0.0531 | 0.04656 | 1.25E04 | 2.17E02
G10P | 6 43 | 0.605 | 0.59 0.537 0.0057 | 0.0088 | 0.051 2.67E05 | 1.10E02
G10C | 12 42 | 0.857 | 0.9 0.878 0.0052 | 0.0154 | -0.1388 | 6.09E07 | 3.43E03
MU59 | 5 40 | 0.55 0.718 | 0.654 0.1819 | 0.1284 | 0.1011 | 8.37E08 | 1.47E03
G10L 5 34 | 0.882 | 0.56 0.454 0 -0.239 0.1197 | 2.48E08 | 8.05E04
MUS0 | 6 38 | 0947 | 0.725 | 0.662 0.0091 | -0.1466 | -0.569 3.33E09 | 3.43E04




Mean 6.2 0.699 | 0.680 | 0.6185 | 0.000 0.0104

Regardingpopulation size, in total 43 individuals were identified according to their composite
genotype (Table 5). Thus, the minimum population size of beargd8asRodopi National Padkiring 2022
2023 surveyPoint estimates oNefor RodopiNP was 7QisingNeESTIMATORB5% CI=4Q-180).

As already mentioned (Table 9), the capture index 1.2 was very low. Most of the individuals were
GOF LJidzNBRe¢ 2yfte 2y0S gKAES 1t o0SFENB Ay G2a4GFt 6SNB
CAPWIRE program, which is based on the number of agptamd recaptures, assuming all samples have
collected in a single sampling session, resulted in a point estimation (N&padhdividualsfor Rodopi NP

with relatively small 95% confidence interval (Cl) beind B8 individuals.



3.3 Assignment test and migration rate

The most likely value of K from the STRUCTURE analysis based on the method odtEala(@tn5s)
was two (2), differentiating the two western subpopulations from the eastern one, namely\ tFéndos
and Prespa area from Rodopi NP (Figure 3a). LnP(K) was highest for K=3 (Figure 3b), however both K=2 and
K=3 verify that Rodopi is a more differentiated cluster, followedbindos while Prespa NP show signs of

higher admixture than the other areas.

a) K=2

b)  K=3

Figure 3. Results of the STRUCTURE analysis, based on ten microsatellite loci, assuming a) K=2 and b) K=3
population clusters of individuals, an admixture model and no prior population information. Each
individual is represented by a thin horizontal bawmhich is partitioned in colors that denote the inferred

clusters. 1N. Pindos NP, 2=Prespa NP and 3=Roddpintain rangeNP.

As far as the migration rate was calculated based on Bayeass, from Pindos to Pnespss is
14.3% while vice versa is 11.36%, from Pindos to Rodopi 12.46% and vice versa 8.23% while from Prespes to
Rodopi 12.27% and vice versa 9.90% (Figure 4). Additionally, all comparisons among studied populations
AaK26SR ai3dyaAUOleiyhér baRed o EINBrslued (PH00P yor on pairwise exact tests for
differentiation (Table 11).
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Figure 4: Estimated migration rate between the three studied sudipulations in the (3) National parks

Table 11: Pairwisé&stvalues above diagonal and exact test of population differentiation below diagonal.
WWrrFQQ aA3AYyAUOIYOS G nom: y2YAYylLf §S@Sts afFfrQQ

N.Pindos NF Pres@m NP| RodopiMountainrangeNP
N. Pindos NP 0.026** 0.047**
Pres@a NP ok 0.047**
RodopiMountainrange NP, ok ok
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4. Discussion
4.1 Reliability of noinvasive genetic sampling biological material

Successful neimvasive sampling of hair roots relies on the quality of biological material. Although,
the total number of samples collected in the field during the whole sampling season was 680, only 40% of
the samples were good enough to procced for Dit&action. PCR amplification of at least 6 microsatellite
loci as well as sex marker was feasible in 49% of the samples of all the three studied areas. This rate is in
accordance with the values reported in other nimvasive genetic studies of bears ime€ce, that PCR
amplification success rate range between 50 to 65% (Tsaparis et al. 2014, Karamanlidis et al. 2015, Pylidis et
al. 2021, Tsalazidekounta et al. 2022). Thus, this value can be considered acceptable in terms of cost
effectiveness. Obtaining good quality biological material will increase the number of genotyped samples
which is important for more accurate estimation of both genetic diversity indices as well as for accurate

estimation of population sizes.

4.2 Genetic diversity indices of the three studied-gapulations

Although, the sample size and the type of loci used may affect the estimated genetic diversity indices,
in our case the expected heterozygosity values vedmgostthe same or close to values obtained in the study
contacted during action Agf ARCPROMor to older studies in the areas b Pindos, Prespes as well as
RodopiMountainrange (e.g. Karamanlidis et al. 2018, Pylidis et al. 2021, Tsald&odota et al. 2022.t.c)

(Table 12. Based on the review conducted by Swensonle2011, expected heterozygosity values higher
than 0.65 correspond to large population that they do not seem to suffer from inbreeding metdrefuture.

This observation stands for oanalysis, as heterozygosity values were higher than, d&pite the fact that

the number of unique individuals detected were less than other studies. Additionally,low inbreeding
coefficient value over all loci§F 0.0140.055)were revealedor all the three studiedsub-populations and

in accordance with similar studies in some other beargopulations in Greece (Pylidis et al. 2021, Tsaparis
et al. 2014).Lack of heterozygosity deficiency and thus lack of inbreedingombination with high
heterozygosity values point out that populations seem to be in good conservation status and at least within

the near future, they will not be at risk of genetic depletion.

Additionally, there are no signs of recent population bottleneck based on all the model tested for all
the three populationsOf course, we should keep in mind that genetic diversity and population status is not
the only condition for longerm population survival. This is also influenced by other factors, such as

environment and life history factors that can affect the conserastatus of a population.



Table 12: Comparative table of studies conducted in the study area or in areas in the broader region where
expected and observed heterozygosity (He, Ho), census (Nc) and effective (Ne) population size and
inbreeding index (Fis) are given.

Area c.)f Unique He Ho Nc Ne Fis Reference
Population Samples
Pindos 30 0.711 | 0.729 | 133 (51149) 97 (36.31300) 0.055 Present study
. B Ol A 2Tgalatideu
Pindos 65 0.65 0.6 202 (175300) 118 (67371) 0.13 Founta et al., 2022)
North Pindos 65 0.658 | 0.676 - 65-149.8 - Karamanlidis, 2018
SouthCentral 99 0.68 | 0.681 - 80.5148.7 - Karamanlidis, 2018
Pindos
Pindos 99 0.64 0.61 | 299 (193351) | 97.4 (64.3164.8) | 0.042 Pylidis et al., 2021
TrikalaMeteora 54 | 0801 | 0.809 | 116 (95165) | 99 (73.1186.75 | -0.0111 | /CUONAGLIFE Bear
Smart Corridons
Prespes 29 0.672 | 0.738 76 (80200) 38 (2388) 0.029 Present study
191 (150 BOGUAZ2Y ! u-
Prespes 53 0.73 0.42 222) 35 (2552) 0.28 Founta et al., 2022)
Kastoria 82 0.548 | 0.584 | 219 (145271) | 49 (37.1-65.1) 0.07 Tsaparis et al., 2014
Peristeri 28 0.69 0.65 109 (52196) 59.1 (32.8181) 0.047 Pylidis et al., 2021
. Mertzanis et al.,2018
Amyntaio 75 0.582 | 0.685 | 116 (135271) 35 (2949) 0.08 LIFEL5NAT/GR/00110
. Action A6 ILIFE Bear
Amyntaio 14 0.666 | 0.646 56 (3595) 35 (2656) Smart Corridois
Rodopi 43 0.689 | 0.699 | 156 (84175) 70 (40.1180) 0.014 Present study
: BOGA2Y ! H-
Rodopi 77 0.72 0.54 92 (89112) 61 (4784) 0.3 Founta et al., 2022)
Rodopi 22 0.73 0.71 91 (41261) 42.2 (25.297.7) 0.021 Pylidis et al., 2021




4.3 Estimated effective and census population size

Since the purpose of the present study was theséimation of census population sizeNnPindos,
Prespes and RodopountainrangeNationalParks obtained in action A2, all the 257 samples genotyped in
more than 6 loci in A2 action, could also be included in the present analysis. Such a comparison could increase
recaptures (individuals captured in action A2 during the sampling period-2020,could be captured again
in the 20222023 and thus could increase capture index leading to more reliable astgrHowever, high

number of missing values in the data set of action A2, hampered the direct comparison of the two data sets

obtained in different sampling periods. Thus, census population size was estimated separately for the second

sampling period, followetly a comparison with the results of the first period.

Aw mentioned above he analysisand the subsequent amplification for 10 microsatellite loci allowed

the identification of30 unique individuals iN. Pindos National Pamturing 20222023 survey?29 in Prespa

National Parkand43 in Rodopi National Pankdicating respectively the presence of a minimum population

of this size in each study ardais known that sampling strategy of power poles creates a sex bias due to

more intense use of power poles by male beaspecially during the mating perid@Green and Mattson

2003 Karamanlidis et al. 2010). Our study verifies this sex btag tasesof N. Pindos and Rodopountain
rangestudyareassince male/female ratio ranged from12dn @ | 26 SPHSNE Ay GKS Ol &°¢
time to our knowledge, that females outnumber males (male/female=0.5) in such type of suAmys.

intensive scat sampling in future surveys could help to overcesebias due to sampling strategy

Values of effective population sizB estimated undemlction D7 were almostentical tothose

obtainedunder actionA2 (Table 12) or to past studies (Pyllidis et al. 2021). Regarding the estimation of census

population size (Nc), it was 1.5 to 2 times more than effective population el 33) individuals foiN.
Pindos NR95% CI 5149 individuals), 7éndividuals for Prespa N@®5% CI| 8200 individuals) and.56

individuals for Rodopi NP%% CI being 8475 individuals).Census (Nc) aneffective (Ne) population size

estimation is of high importance since Ne/Nc ratiflectsthe population status. Aopulation with a very
high Ncrelatively to Ne will lose genetic diversity more quickly than an equalized population with a lower

Nc/Ne ratio (Ferchaud et al. 201&). our case, Nc was 1.5 to 2 times higher than the effective population,

values that correspond to more stable populations, which are not at immediate risk of losing genetic diversity

in the near future.

Comparind\cvalues to action A2 results to past studies (Table 2hey are much lower in the case
of N. Pindos and Prespa NP and larger in the case of Rodopi NP. This inconsispengily in the case of
N.Pindos and Prespa could be probably attributed to low capture index ranging frori B4dompared to
the first survey conducted under action AMtensive sampling that will increase the recapture ratio is
necessary for more accurate estimate of population simditionally, especially in thease of Rodog\R,

this inconsistency could be also attributed to the fact tttee bear subpopulation is a growing population



where possible movementsf individualsin and out of the sampling areend also at a tranborder scale
(Rodopi mountain range area is shared between Greece and Bulgeeizyed during thepreviousyears a
factthatOl y y S3aAF GA GBSt e oAl a AaNBOILIIidzZNBé¢ LINRPOlIOAfAGR®

Overall, highiNeestimated value in combination with high heterozygosity values and isglekected
in the presentanalysiscorrespond well with population growth and expansion of bears living in a broader
area thanin the studied onesn the (3) project suareasas the variancef effective population size will be

driven upwards in a growing populatig@row and Kimura 1970).

4.4 Population structure and migration betwesrb-populatiors

The comparison of the population structure between the three studiedEytulations revealed
that Rodopi population is much more differentiated comparedt®indos and Prespes, that revealed higher
levels of admixture. Levels of gene flow and exchange of individuals between the western and eastern part
of brown bear distribution range, indicated that during the last years connectivity between the two
geographt regions may have been-established at a certain level since past studies propose no or very
limited gene flow. Monitoring data verify the loaignge movement of bear individuals as they were detected
in the intermediate area between east and west Greece, like Voras mountain massif (Mertzanis et al. 2021
a, b). Although females show philopatrichaior, dispersal is mainly exhibited, regardless of sex, due to the
increased population density (Roy et al. 2012) in an attempt to increase mating success and food availability.

Migration rates are higher betweeN. Pindos and Prespes as well as from these populations to the
eastern one and lower from RodopMountainrange to any of these western populations (Figure 4).
Comparing the present study with the data obtained in action A2 of LIFE ARCPROM, a discrepancy in
migration rates is observed since in the previous study exchange of individuals were higher from Rodopi
Mountain-rangeto Prespes than vice versa or Rodbfauntain-rangeto N. Pindos. This inconsistency could
be probally attributed in the smaller number of unique individuals used in the present study to calculate all
genetic parameters.

The change of the migration rate over years is also supported by the observation that one female
individual in the Prespa national park has moved more than 40 km. Based in Figure 5, the animal moved
between the Prespa basin which is considered a relatiabsed" ecosystem and the plain of Florina that is
a very anthropogenic environment with few shelter sites and a lot of food from crops. That is, this bear
overcame the mountainous "barrier" of Varnounelditsi mountains that closes the Prespa basiB/&E and
descended to the plain of Florina (or vice versa). This is the fourth time in the monitoring history of brown
bears in Greece where such a legdigtance migration was reported and the first record regarding a female
individual, revealing the tendey that even philopatric females can exceptionally travel long distances in an

attempt to increase mating success and food availability.



An overall comparison between the two surveys conducted under actions A2 and D7 of the project, with an
in between time interval shows that:

- based on the Nc and Ne values we may say that the beapspblations in the (3) National Parks
remain stable showing slight increasing trends in one case. (Rodopi NP)

- The gene flow between the two main population nuclei in the country considered until recently as
disconnected show positive rates of admixture thus indicating that at a slow pace the reconnection
between the two main population nuclei in the country ar@gressively reconnecting.

- All the other genetic indicators (i.e. heterozygosity, absence of bottleneck, low
inbreeding coefficient) are exhibiting values that foresee sustainability and resilience of the bear sub
populations in the (3) targeted areas a fact that ay also result filoenimplementation of the

concrete conservation and communication actions of the project.
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Figure 5: Long distance migration of individual D.UR76 (Table 3) in sampled in Prespa National Park study

area.

5. Conclusion and recommendations

7
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permanent, longterm genetic monitoring program is valualfler every state thahosts a bear population
(Ciuccet al. 2015).
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Although, the violation of some parameters of the software CAPWIRE underlines the need to treat
estimates cautioushthe present study results support the hypothesis of populations in good conservation

status that does not seem to suffer from genetic erosion the forthcoming yeatowever, longerm

monitoring and management actions to maintain sufficient levels of gene flow must be of high priority.

The overall comparison between D7 and A2 agreed versus stable populations in all the studied

areas, since heterozygosity values were higher than 0.65 in both actions, values gbmt out that

populations seem to be in good conservation status and at least within the near futédghough there is

an inconsistency as far as census population size between two actions, the 1@gasifs (Nc) and effective
(Ne) population size estimation is of high importance since Ne/Nc ratio reflects the population Btadus
case, Nc was 2 times higher than the effective population in both actions, values that correspond to more

stable populations, which are not at immediate risk of losing genetic divers®f course, we should stress

here that only two years have passed between the two actions (D7 and A6), a very short period for detecting
changes in genetic and population parameters.

We should mention that point estimate of population size based only on one sampling
session have low conservation value, since they represent a shapshot of the population. Thus,
multiple/consecutive sampling sessions in order to increase the number af goality samples and the
recapture index, as well as scat sampling in future surveys that help to overcome a possible underestimation
of female bears, are considered necessary in order to obtain more accurate point estimations.
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El. Grigoriadou (NECCA), Y. Lazarou, Y. Tsaknaki$raihs (CALLIST®prthern Pindos National Park
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Summary

This study examines the ecological role of the brown béhasys arctos as a seed disperser and its
contribution to ecosystem functioning, with particular emphasis on Mediterranean and Greek forest
ecosystems. Seed dispersal is a critical process for plant regeneration, gene flow, and habitat colonization,
and large mammalare especially important because they can transport seeds over long distances and across
diverse habitats.

Brown bears consume significant amounts of fleshy fruits, particularly in late summer and autumn when they
must build fat reserves for hibernation. Seeds ingested with these fruits typically remain viable after gut
passage, and in many castwir germination potential is enhanced. This positions the bear as a legitimate
and effective seed disperser. The species has been recaslednsuming over one hundred fruiting plant
species, most notably those &ubussp. and Vacciniumsp. Its ability to disperse large numbers of seeds
across extensive ranges highlights its importance as a keystone species for forest regeneration.

The ecological service provided by bears is twofold: they disperse seeds both horizontally across fragmented
landscapes and vertically along altitudinal gradients. The latter functiemnaisin the context of climate
change, as it enables temperatusensitive plant species to migrate to higher elevations where conditions
remain suitable. Thus, beanediated seed dispersal strengthens ecosystem resilience in the face of
environmental shifts.

Fieldworkconducted in three Greek National Parks (Prespa, Northern Pindos, andtiogi Rountain

Range collected 104 bear scat samples between 2022 and 2023. Results showed a high frequency of seed
presence, with up to 78% of scats in Rodopi containing seeds. Seeds originated primarily from wild species,
though cultivated plants occasionally appeared, esgfcin Prespa. Altitudinal dispersal ranged from
lowland to alpine zones, confirming thears' capacityo influence plant dynamics across broad ecological
gradients.

In conclusion, the brown bear emerges as more than a top pred#®@ra fundamental ecological actor

whose seed dispersal services underpin biodiversity, ecological succession, and habitat connectivity. Any
decline in bear populations would not only affépredatorcpreye dynamics but also jeopardize critical plant
NBEISYSNIiGA2y LINRPOS&daSad /2yaSNBFGAZ2Y &al0NXGS3IASE &
role, safeguarding both its survival and the essential ecosystem services itgwovid
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suo contributo al funzionamento degli ecosistemi, con particolare attenzione agli ecosistemi
forestali mediterranei e greci. La dispersione dei semi € un processo cruciale per la rigenerazione
delle piante, il flusso genico e la colonizzaeiotegli habitat, e i grandi mammiferi sono
particolarmente importanti perché possono trasportare i semi su lunghe distanze e attraverso
habitat diversi.

Df A 2NBA ONMzyA O2yadzyly2 ljdz yiAdgt aAIAYAFAOI GA
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frutti rimangono generalmente vitali dopo il peeggio intestinale e, in molti casi, il loro potenziale
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efficace. La specie é stata registrata mentre consumava oltre cento specie vegetali fruttifere, in
particdare appartenenti ai geneRubuse Vaccinium La sua capacita di disperdere un gran numero



di semi su ampie aree sottolinea la sua importanza come specie chiave per la rigenerazione
forestale.

Il servizio ecologico fornito dagli orsi € duplice: essi disperdono i semi sia orizzontalmente,
FOGNI gSNER2 LI Sal33A FNIYYSYyOalradAs airl  @SNIAOI
funzione e di particolare rilevanza nel contesto dei cambiamdmtiatici, poiché consente alle

specie vegetali sensibili alla temperatura di migrare verso quote piu elevate, dove le condizioni
NAYFy3d2y2 AR2ySS® Ly ljdzSaid2 Y2R23> fF RAALISNAA
degli ecosistemi di fronteianutamenti ambientali.

Il lavoro sul campo svolto in tre Parchi Nazionali greci (Prespa, Pindo Settentrionale e Catena
Montuosa della Rodopi) ha raccolto 104 campioni di feci di orso tra il 2022 e il 2023. | risultati hanno
Y24 0N G2 dzy QlF £ i1  FNBI dz2Wli78% dii kampii&an@yehtilseniRriellad S Y
Rodopi. | semi provenivano principalmente da specie selvatiche, sebbene occasionalmente siano
comparse anche piante coltivate, soprattutto a Prespa. La dispersione altitudinale si & estesa dalle
zone di pianura guelle alpine, confermando la capacita degli orsi di influenzare la dinamica delle
piante lungo ampi gradienti ecologici.

Ly O2yOfdzaA2yS:I fQ2NER2 O0NHzy2 aA NAROSEIl LAG R,
fondamentale i cui servizi di dispersione dei semi sostengono la biodiversita, la successione
ecologica e la connettivita degli habitat. Qualsiasi declindledeopolazioni di orso non
AYTFEdzSyl SNB06S a2 f 2LINSSRIRAY | YWIA OKSSI (13 BNSSARA: Si 2FNSO K &
di rigenerazione delle piante. Le strategie di conservazione dovrebbero quindi integrare |l
riconoscimento del duplice ruolo d@li2 NB 2> &l f @I 3dz- NRFyR2 ail f1

ecosistemici essenziali che esso fornisce.



Introduction

Based on the analysis of the existing relevant literature on the territories of various mammal species,
information is obtained on the distances of transport/dispersal (mainly through feces) of seeds of
various edible plant species in plant formations ohiferousbroadleaf forests. The mass dispersal

of seedsfrom plant species that constitute food for vertebrates is important for the formation of
plant communities. Seed dispersal occurs in massive quantities within the areas of daily activity of
animal pecies and in moderate quantities within the boundaries of seasonal sectors of the territory.
The range of mass dispersal of plant seeds by animals ranges from a few tens of meters (small
rodents) to one kilometre (large mammalfs) I NJt 212019)Three groups of plant species were
distinguished during the adaptation to dispersal by animals. The first group includes plant species
with fleshy fruits (e.g. Malus sylvestris (apple), Sorbus aucuparia (rowan), Vaccinium myrtillus
(blueberry). A wide rarggof animal organisms have been identified that unintentionally function in
the dispersal of these plant species by transporting seeds over distances of 20 m to 1,000 m, a
phenomenon called endaoochory. (Evstigneev et al 2017).

Seed dispersal (i.e. the movement of seeds away from the parent plants) is essential for plant
recruitment, colonizatiorof habitats, gene flow among populations and plant community dynamics.
Across different biomes, large proportion of vascular plant species depends on frugivorous animals
for the dispersal of their seed$he spatial distribution of seeds dispersed by frugivores is strongly
affected by animal species body size andbility (Lalleroni et al. 2017)Large frugivore species
seem to be partiularly important in connecting plant populations by increasgene flow via
dispersed seed8eyond differences in their mobility across landscapes, frugivores also vary in their
seed dispersal effectivenesghich depends on the qualitative and quantitative contribution to seed
dispersal serviced he quantitycomponent is defined as the number of seeds dispersed, which is
determined by both the number of interactionsetween a disperser agent and a fruiting plant
species and the number of seeds removsdadisperser per interactionThe quality component is
traditionally defined as the probability that a dispersed seed will germirsatejive and grow to an
adult plant, which is determined by the combined effects of fruit handling, gut padsaagenent

and seed deposition in suitable microhabitats.

Legitimate seed dispersers are usually defined asrmuwialist agents that combine a high quality
and quantity of seed dispersal and, thus, strongly impact regenergtionesses and population
dynamics of the dispersed plant specidsaditionally, most studies about frugivory and seed
dispersal have been focused on birds and sit@thediumsized mammaldn the last two decades,
an increasing number of studies about seed dispersabgnt large frugivores from tropical areas
have been publishedHowever, the information about the role ddérge frugivores as seed dispersers
in temperate and northern regions is still limd. Willson, M. F. & Traves000).



2. The case of the brown bear

Fruiteating species of large mammals such as the brown bear can consume large quantities of fruits
whose seeds can be dispersed over long distances, thus affecting plant regeneration processes and
ecosystem functioningHertel et al.2017) Megafaunal frugivores can consume large amounts of
fruits whose seeds may be dispersed over lafigtances, thus, affecting plant regeneration
processes and ecosystem functioninthe role of the brown bealJysus arctogas a systematic seed
disperser among large spesi of the wild has been rexamined very recently (Rodriguez, et al
2021).

This research team and study assessed the quantitative factor of seed dispersal by brown bears
across the species' distribution based on information on both the relative frequency of occurrence
and the composition of the different fruit species in the browear diet extracted from the
literature. At the same time, the qualitative dimension of the seed dispersal process was assessed
based on germination experiments (in vitro) for 11 species of plants with fleshy fruits that grow and
are common in temperateand northern (central European) bioclimatic conditions and that are
frequently consumed by brown bears. Across the entire geographical distribution of the brown bear
in the Eurasian continent and in the New World, fleshy fruits represented on averagef24&o o
plant species ithe bear's diet and 26%f the total volume consumed.

The findings showed that brown bears consume seeds from st IéH species of plamtith fleshy
fruits from 24 families and 42 genera, of which the genus Rubus (family Rosaceae) and the genus
Vaccinium (family Ericaceae) show the highest frequency of consumption.

The brown bear populations that inhabit the forests of the Mediterranean zone rely more on the
consumption of fleshy fruits in their diet and were observed to consume the largest number of
species per study area. Seeds that pass through the bear's dgegsitem show higher germination
rates than seeds from whole fruits, while they show similar germination rates for seeds that have
been removed by hand. lconclusion, the study reportthat brown bears are decisive legitimate
seed dispersers as consumega quantities of fruits with seeds that remain intact and active after
passing through the digestive system. The possibility of a declining trend of brown bear populations
in a given area may endanger the ecosystem services of seed dispersal and cotigettpeen
regeneration process of the plant formations of a forest ecosystem.

Megafaunal species amurrently defined as comparatively large animal species that have strong
effects on ecosystems, present distinctifitenctional traits and habitat regirements and have
escaped moshon anthropogenic predation when adultsegafaunal frugivores are considered
guantitatively and qualitatively pivotal seed dispersers, particularly bec#usg can transport
many seeds over long distanc@$ie increased chance of lodistance dispersal events ligese
animals facilitates the colonizatioand recolonization of new and former habitats by the plant
speciesthey consume, enhancing genetic diversity and reducing pastaiing competition.In
addition, megafaundrugivores have the potential to consume many different fleftwted plants,
including species with both smalhd big seedéWillson & Gend&004)

The selective loss of largmdied animals during the last centurigsarticularly megafauna, can
strongly impair the dispersal of largeeded plant species, which may have serious consequences



for their recruitment, population structure, genetic diversity and evolutionary trajectories.
Therefore, complete informatioabout the role of extant megafauna for seed dispersal and plant
regeneration processes is highly valuable.

The brown beatJrsus arcto® h NRSNY / F NYyA@2Nl = ClFYAf&yY ! NEARI
distributedterrestrial mammals and the largest living terrestrial carnivore; it inhabits a broad variety

of biomes, from tundrao deserts (Fig. 1). Its heavy body mass amgeldabitat requirements
together with a distinctive biology (e.tate first reproduction in females and longer maternal care
when compared to other carnivore specigil]) and the lack of noshuman natural predators at

adult stages mak the species a good representative of megafaunfeabiting northern latitudes.

The brown bear is an omnivore with an important share of flefshiged plantsin its diet. Its trophic

niche is very flexible and strongly related to environmental conditions, with populatmonsrm

and highly productive environments being almost completely herbivorous, whereas populations in
cold, unproductive environments are more carnivor¢gg).

Previous studies have shown that resource availahilftyences the age of first reproduction, litter
size, population density, home range size and habitat selectibroinn bear population$23¢ 28].
Besides these more general effects of resource availability, the abundance ofefsaiirces is
known to strongly affect female breeding success in some brown bear populd@&hsThis
indicatesthat fleshy fruits are a key food resource for the species. However, our understanding of
the reciprocal effect ofhe brown bear on the dispersal and regeneratidnts food plants remains
incomplete; particularly the assessmaeanftthe seed dispersal service provided by the species.

3. Ecosystem services of the brown bear in Mediterranean ecosystems

The above research also showed that the average number of taxa of plant species with fleshy fruits
and the relative frequency of occurrence of fruits in the diet of the brown bear were the highest in
areas of distribution of the species in the Mediterranesone among (66) study areas covering all
bioclimatic zones and regions (biomes).

The quantity and quality of seed dispersal ecosystem services provided by the brown bear through
its diet highlight the ecological importance of this species of large mammal fauna as one of the most
crucial seed transporters and dispersers, a role andiges\that can have a significant impact on

the regeneration of plant communities and plant formations across all bioclimatic zones included in

the species' wide distribution area in Eurasia and the New World. The literature review showed that
the consumptdn of fleshy fruits by brown bears across the species' range represents on average
one quarter of the total volume and number of food sources consumed during an entire year by

brown bears.

The importance of fleshy fruits in the brown bear's diet can be partly explained by the species'
biology during the annual cycle. Due to hibernation, the species is adapted to seasonal climates with
prolonged periods of seasonal food shortage (Albrechtt &l. 2017). The successful outcome of
hibernation for the bear depends on the energy reserves it builds up at the beginning of the season,
which are crucial for surviving the winter. To meet energy requirements during hibernation, brown
bears maximizehteir energy intake during the autumn binge, during which they feed intensively on



fleshy fruits and fatty nuts (acorns) to build up sufficient fat before entering the winter den (Welch
1997 & Hertel 2017).

Therefore, fresh fleshy fruits represent a key food source for the species, which may influence
important aspects of brown bear biology, such as habitat selection and reproductive success
(Nomura 2000, Hertel 2016).
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high food demand, when they spend most of their time foraging. During this period, brown bears
can consume up to onthird of their body weight in fruit peday (Welch 1997).

Fleshy fruits are found in >50% of brown bear droppings in late summer and early fall, and this is
true for populations from different latitudes and bioclimatic zones (McHutchon 2005, Lalleroni
2017).

Research has shown that a single dark brown bear dropping can contain up to several thousand
seeds, which supports a previous study conducted in Alaska where brown bear droppings were
found to contain up to 7,000 Vaccinium seeds and 2,000 (Willson 20tig)cdnfirms that brown

bears have the ability to disperse large quantities of seeds in the forest ecosystem. However, the
factor of seed dispersal quantity depends not only on the number of seeds dispersed per dropping
but also on the abundance/density tife species/i & 2 )REMILISNE SNE 6 { OKdzLIL) md
reduction in brown bear populations at a local or regional scale due to illegal anthropogenic
mortality and habitat loss is expected to reduce the component of seed dispersal ecosystem services
provided by thespecies, given that the impact of each individual brown bear on the dynamics of the
phenomenon is relatively large compared to the fredividual effect of seed dispersal on smaller
vertebrates (e.g. birds or small mammals). It follows tlmet potential impacts of a reduction in an
already small (numerically) bear population can translate into strong impacts on processes and
ecosystem services regarding seed dispersal in the forest ecosystem. The contribution of the brown
bear to this functia is very important given that preliminary research results show that brown bears
may disperse up to 90% of the total seeds mobilized by the entire frugivorous vertebrate community
in European alpine and forest ecosystems. It is also worth noting that@mlgenic food sources

(i.e. any food resource derived from human activities e.g. waste) as well as the addition of food
sources to the habitat by humans (i.e. the deliberate provision of food to wildlife by humans) may
endanger and negatively affect theed dispersal services provided by the bear, consequently
affecting the species and its ecology i.e. in habitat selection as well as in its spatial behaviour
(movement etc.) as well as in feeding (Skuba 2016, Selva 2017).

However, to fully understand the qualitative component of the ecosystem services of seed dispersal
provided by the bear, more information is necessary regarding the stages after dispersal, such as
e.g. the characteristics of the mict@bitat components inwhich brown bears deposit their
droppings. Preliminary studies indicate that the deposition of seeds through droppings in the
environment with increased frequency and concentration in the resting places of bears
(winter/summer den) may be beneficial fohe regeneration/regeneration of plant species
(Steyaert,2019).

The qualitative component of seed dispersal is not only related to the consumption of fruits and
their processing by the bear's digestive system but also to the range of movement of the animals
(Schupp 1993). In the Carpathian Mountains of Romania, ibbas estimated that the movement



of a bear in a straight line/vertical projection between two more distant locations duringteo@4
period is on average¢ km, but can reach up to 30 km (Barton et al 2019). Seeds dispersed over
such distances could facilitate the colonization of newaarby plant species and enhance genetic
diversity by reducing competition (Willson 2000).

Given the large range of bear movements based on average daily movement times and the
simultaneous digestion process, it is estimated that brown bears will disperse seeds two to three
times farther than other mammal species that are also considered medistance dispersers,

such as the polecaMartesspp.) (average and maximum dispersal distances around>@@and

1,200 m, respectively) (Hickey 1999, Tsuji 1997).

Studies have shown that the loss of large frugivorous mammals often causes a reduction in seed
dispersal distances, and consequently in genetic diversity and effective plant populations (Perez
Mendez 2016, Pires 2018).

Consequently, we suggest that the uniqueness of large omnivorous/frugivorous mammals
inhabiting these areas should be assessed in terms of their significant contribution to overall seed
dispersal as well as to lordjstance dispersal. We conclude that iretiiterranean, temperate and
central European ecosystems, where other large mammal species that are less efficient seed
dispersers also live, brown bears are an integral part ofcbimmunities with larger and more
efficient seed dispersal. All findings far suggest that brown bears are unique systematic seed
dispersers of megafauna species that play an essential role in plant regeneration processes and
ecosystem functioning.

4. Brown bear ecosysterfunctionsand climate change

In a climate with a gradual increase in temperature due to anthropogenic activity, temperature
sensitive plant species must move to cooler areas, i.e. to higher latitudes or higher altitudes, through
seed dispersal (Corlet 2013).

The movements of bears to high altitudes in mountainous habitat segments following the seasonal
phenology of plant species in spring and summer are likely the cause of this vertical altitudinal seed
dispersal. Findings from scientific research suggest platt species dispersed by animals during

the spring and summer fruiting season may have a high chance of escaping global warming (Naoe
et al.2016).

The above research showed that the leramge and longlistance vertical dispersal of seeds from
lower elevations to mountain peaks by bears and ferrets (via their droppings) is considered sufficient
to keep pace with the rate of global warming. On averagean vertical distances from bears and
ferrets correspond to a decrease of 2°C and 1.3°C respectively in dispersal distances by the above
species, with the prospect of a global temperature increase by 2100 of a maximum of 4.8°C [IPCC
2013).

This study also showed that it is likely that bears move to lower altitudes to forage on fleshy fruits
(e.g. cherries) during the fruiting period and maximum availability. Later, and with the end of the
fleshy fruit phenology in the low altitude zone, beanove to higher altitudes in search of young



herbaceous vegetation. These descents and ascents lead to a dispersal of seeds towards the
mountain peaks, since on the one hand, seed dispersal does not occur during the descent and on
the other hand, these movement patterns will not stop until seasooatifsupplies are exhausted
(Naoe 2016)

The results of the research indicate that through zoochory (dispersal of plant species (with seeds)
e.g. by bears) during spring and summer fruiting, temperate zone plant species have a high
probability of being protected from global warming when their deare dispersed by mammals to
higher altitude zoneq.Corlett& Westcott2013).
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5. Ecosystenfunctions of the bear in the(3) project sub-areas in Greece

Based on the above data arndformation as well as on findings and results from action A2 we
2NHFYAT SR Ay LINR2SOiQa @SIFNBA HAHH YR HnHo ¢
systematically collect bear scats and try to evidence bears zoochory in each of the toggtems

in the (3) project areas.

More specifically:

The seasonal surveys for detection and number of samples of bear scats detected/collected in the
(3) NPs (project subreas) in Greecavere conducted mainly by personnel from the (3) NPs in
Greece. The findings and resudi® presented in the following table (1):

Table 1: Periods of sampling and sample size in the (3) NPs in Greece (pregeeas)b
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National Park Period of sampling Number of samples
Northern Pindos July 2023; November 2023 (39)
Prespa June 2022; October 2022 (38)
Rodopi Mountain | » i 5653 October- 2023 (27)
Range
Total samples 104

Based on the above table we notice that the sample size from the (2) NPs in the western bear
population nucleus (N. Pindos, Prespa) is comparable in numbers. The sampling period has also
similarities in the duration. As regards the sample from RMNP th@leanumber is smaller and the
survey period is longer. This maybe explained on site specific detectability factors and also to the
fact that a large part of the RMNP is inaccessible by forest roads and therefore almost impossible to
survey. In all (3) prert subareas in Greece, the seasonal sampling for scats detection covers both
periods of early and late bears hyperphagia periods.

All samples were entered in an Xtsmat database (see pic 2). For each detected scat sample the
field team attributed an ID number, GPS coordinates, name of location, date of collection, type of
substrate, freshness (approximately), altitude. A separate field was created for additbomadents

and remarks.
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Picture 2: Indicative structure of the data base for scat samples information entry

It is worth noting that the majority of the samples were detected on dirty roads along the forest road network
in each NP.

Regarding the composition of thecats a macroscopic analysis was performed (not of equal
precision in all cases) and the content of threppingsin seeds was noted. The identification of the
seeds was not always possible to be performed by the field crew for different reasons (freshness of
the scat, detectability of the seeds and level of training of the field crew). In general, the frequency
of seeds occurrence in the sampled scats was high; In RMNP the frequency of bear scats with seeds
reached78%of the total sample.

The vertical seed dispersal altitudinal range through bear scats is presented in the following table
(2).

Table 2Altitudinal range of scats vertical occurrence in the (3) NPs in Greece.

National Park Altitudinal range




Northern Pindos

637m to 1303n(a.s.l.)

Prespa

846mto 1424m (a.s.l.)

Rodopi Mountain Range

448m to 1152m(a.s.l.)
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In the followingphotos we are illustrating some characteristic scat samples containing seeds from
one of the (3) surveyed NPs in Greece. (Northern Pindos National Park).

Photos 1,2, ,4,6: Indicative bear scats samples with seeds from different fruit species (i.e. H
sp., Cornusp., Rubusp) from N.Pindos National Park sample.
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In RMNP the frequency of different brown bear food type and plant seeds, as identified after macroscopic
examination, is presented in the following graph (1).
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6. Conclusions

The results of this study confirm that the brown belrgus arctogplays a significant ecological role in the
dispersal of seeds (zoochory) across iaional Parks of Prespa, Northern Pindos, and Roddpiuntain-

range This contribution is primarily achieved through endozoochory, whereby bears consume fleshy fruits
and disperse viable seeds via their faeces, often over long distances and across diverse habitat types. As
generalist frugivores, bears facilitate the dispa@l of a wide range of plant taxajany of which are
ecologically important and associated with early successional or pioneer vegetation.

The diversity of seeds identified in bear faeces across all three study areas reflects the high plant species
NAOKySaa @rAflrofS Ay (GKS NBaLISOGAGS KFIoAdlda FyR
of food consumed by bears throughitine fruiting season includes both wild native species and, to a lesser
extent, cultivated plants. This diversity highlights the adaptive foraging strategies of brown bears, allowing
them to utilize a wide array of fruiting plants, depending on avaitgibéind accessibility. The frequency of

seed presence from different plant origins showed that wild species predominated in the fecal samples, but
cultivated fruits were occasionally recorded, particularlyPiespa indicating some level of interaction with
anthropogenic landscapes.

Seasonal variation in fruit availability strongly influenced zoochactivity, which peaked during late
summer and autumn (August to October). During spring and early summer, seed presence in fecal samples
was minimal, corresponding to lower fruit production in the landscape. In terms of altitudinal dispersal, scat
samplesvere recorded from elevations ranging from lowland areas to alpine zones, demonstrating that seed
dispersal by bears is not only extensive in horizontal terms but also in vertical gradients. This vertical dispersal
is of particular importance for plant giation under climate change, as it can facilitate upward range shifts

of species.

The spatial distribution of scat samples and GPS telemetrysdagesthat brown bears contribute to long
distance seed dispersal, particularly between forested, shrubland, and alpine zones. This capacity enhances
ecological connectivity and supports plant colonization in fragmented or heterogeneous habitats. Gapture
recapiure data from genetic analysis also provided strong evidence of the amplitude of bear movements and
thus their potential for longange seed dispersal. For example,Frespa National Parkone female
individual was documented to travel over 42 km in aigfht line, indicating a high capacity to transport
ASSRa 20SNJ) adzoadlydAlrt RAAGFYOSad {dzOK Y2@SYSyia
populations across broad and ecologically diverse landscapes.

Laboratory viability tests and germination trials confirm that a considerable proportion of seeds remain viable
FFGSNI Fdzd LI aalk3asSs @FLEARFOGAY3I (GKS ljdzZ- €t AdFGADBS | &L
results reinforce the conclusion dh bears not only disperse seeds, but also contribute to their successful
germination and establishment, thus playing a functional role in ecosystem resilience.

Differences between the three study areas highlight the influence of landscape characteristics and regional
biodiversity. InPrespa the greatest diversity of plant species was recorded, likely due to its biogeographical
complexity and mosaic landscape.Northern Pindos dispersal distances were the longest, attributed to

the wideranging movements of bears and the connectivity of their hahitiaithe Rodopi Mountairrange
zoochoric activity was moderate but stable, reflecting consistent fregtr interactions and relatively
undisturbed ecosystems.

Humanmodified landscapes bordering bear territories influence zoochoric patterns by altering plant
availability and shaping bear movement. Although cultivated species were occasionally identified among the
dispersed seeds, habitat fragmentation and hunaésturbance may limit the efficiency of natural dispersal
processes and restrict connectivity between ecosystems.



Overall, the brown bear emerges as a keystone species not only for its trophic role as a top predator, but also
as an agent of ecosystem function through seed dispersal. Its zoochoric activity contributes to biodiversity
maintenance, ecological successi@md the resilience of plant communities, especially under changing
environmental conditions. Recognizing this role is essential for integrating large carnivores into broader
conservation and ecosystem management frameworks that account for both biodyerstection and the
provision of ecological services.
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The monitoring carried out ithe MaiellaNational Park (MNP) between 203a8d June2025, under LIFE
ARCPROM Actidd/, assessed Apennine brown bear distribution, numbers, and reproduction using
opportunistic surveys, biological sampling, and camera trapioithgwing the same methods applied for
Action A2 (20222021) Eightytwo reliable bear biesigns were recorded, mainly in the southern and
central-northern portions of MNP with a Minimum Convex Polygon of bear presence of 55,080 aler

than in 20222 but still reflectingstable occupatin, including higkaltitude areas in Eadflaiellawhere
possible denning occurred. Genetic analysis of 29 samples identified seven indwidiletombined data
from observations and GPS collars confidid bears between 2022 and 2Q2dcluding six adulté3

females and 3 maleshree cubs, and two yearlingsicluding also the partial data detected until June

2025, 3 additional cubs have been detecté¢hile minimum numbersf individualsfluctuatedfrom 2012

until now, the number of females showed a positive tremdgth three reproductive femalesrpducing eight
cubs in three yearBom 2022 to 2025Reproduction during 20225 was the highest on record for MNP.
Female F1.143 reproduced in 2023 and 2025, F1.129 produced litters in 2024 andrégr@ddced in

2023 These events exceeded expected reproduction rates, with at least one reproductive event each year
from 2023 to 2025. The findings support the conclusion that MNP has shifted from sporadic use to stable
occupaton by a vital bear population.

The assessment of ecosystem functions playeddayrdin relation to presence data, revealed thatNtiNP
the bearplaysimportant ecological roles, notably in seed dispersaspecially for buckthorn and other
largefruited species where they have a high impact due to their fruith diet and longdistance
movements. They also contribute moderately to scavenging and mitcigcling through soil disturbance,
while their role in predation is minor compared to wolveast but not least, as an umbrella spegibears
protection indirectly safeguards extensive habitats and other species.

The LIFE ARCPROM years have been pivotal in consoliiatoajlection obear presencelata,
enhancing ecosystem functions, and setting the stage for further ecological benefits as the population
grows.
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RIASSUNTO

Lt Y2yAG2NI33Az2z O2yR2GG2 ySt tINO2 blTA2yIfS RSt
RStfQ!TA2yS 517 RSt LINR3ASGHE2 [LC9 !w/twhaX KI @I f d:
RSffQ2NER2 0NXzy2 YI NEA Qdriyhiticivid&eokalditdimpionvboldiciiederal 3 3 A 2 L
GNJ L2t F3A3A2r aS3adzSyR2 S aidSaaS20MpSomoRtatifregidratS | LILIKE
82 segni di presenza affidabili, localizzati principalmente nelle porzioni meridionali e esgtiEatrional

del PNM, con un Minimo Poligono Convesso di presenza pari a 55.000 ettari, inferiore a quello ¢g22021

ma indicativo di una presenzasiabile, comprendente anche aree di alta quota n®laellaorientale dove

si e ipotizzata la presenza di tane.

[ S FtylFrftAaA IASYSGAOKS RA Hp OF YLIAZ2YA KFyy2 ARSYGAT
provenienti da osservazioni e collari GPS ha confermato la presentaidiilra il 2022 e il 2024nclusi sei

adulti 3 femmine® Yl aO0OKAOX o OdzOOA2ft A RSt f.Congigendsanehe iO dzO O A
dati parziali raccolti fino a giugno 2025, sono stati rilevati ulteriori 3 cuccioli. Sebbene il numero minimo di
individui rilevati sia variato dal 2012 a oggi, il numero di femminmbstrato un trend positivo corré

femmine riproduttivechehanno prodotto otto cuccioli in tre anni, dal 2022 al 2025. Il triennio 283Za

registratq infatti, il piu alto tasso riproduttivo mai documentato per il PNM. La femmina F1.143 si é

riprodotta nel 2023 e nel 2025, F1.129 nel 2024, mentre F1.172 ha avuto cuccioli nel 2023. Questi eventi
hanno superato i tassi riproduttivi attesi, con almeno un eventoodpttivo ogni anno tra il 2023 e il 2025.

| dati confermano che il PNM & passato3la & SNB dzy QF NB | Rdzy ONBBEISY Rk BNB &S
stabile da parte di una popolazione vitale di orsi.

[ @Ftdzil TA2yS RSttS FdzyT A2yA S02aAaiSYAOKS agz2f i
che nel PNM questa specie ricopre importanti ruoli ecologici, in particolare nella dispersione dei semi
soprattutto di ramno alpino e altre spee a frutti di grandi dimensioni grazie a una dieta ricca di frutti e

F3fA aLRadl YSyGdAaA adz fdzy3IKS RA&GIYT Sd [ Q2NE2 O2y N
carcasse e al ciclo dei nutrienti attraverso il disturbo del suolo, mergt®iruolo predatorio risulta
YENBAYFES NRALISGG2 | ljdStt2 RSt fdz2ll2® LYFAYSS Ay
indirettamente ampi habitat e numerose altre specie.

Gli anni del progetto LIFE ARCPROM sono stati fondamentali per consolidare la raccolta di dati sulla
LINB&aSyT I RStfQ2NRBR2X LRGSYTAINB S TFdzyi A2yA SO2aia
crescita della popolazione.



Introduction

In the frame of Action D7 bear presence monitoring was carried out with the same objectives and methods
followed for Action A2, with the final goal to assess bear distribution and numbers. The monitoring protocol
followed was consistent with the one estafied in the frame of the Apennine brown bear Monitoring
Network (RMAM) and specifically adapted to the situation in MNRopgposed to Greece, this protocol is
mainly focused on opportunistic monitoring and is aimed at acquiring basic information on éere

are, how many individuals are present and if females/females with cubs are present.

Methods used to detect bear presence were the same followed for Action A2 and reported in the specific
document delivered with the Mid Term Report (A2.1 and A2.2). Results refevkere bears areij) how

many individuals are present and who they are @ngresence of females with cubs. In the following
paragraphs results obtained will be reported, also in light of the ones obtained in the frame of Action A2
and the implications in term of ecosystem functions will be discussed.

Where bears are

Combining results obtained using all the methods (field collection of bear biological material, field surveys
and camera traps) a totaff 107 bearbio-signs were found in the frame of Action D7 (TableAmong
these, 82 have reliability 1 or 2 while 25 have been assigned to reliability 3.

Tablel. Bear biesigns and their reliability detected in tiMNP monitoring area in the frame of Action D7.

Reliability
Year 1 > 3 Total
2022 27 1 6 34
2023 11 2 7 20
2024 23 6 9 38
2025 12 0 3 15
Total 73 9 25 107

Amongthe @bioc-da A 3y ad SAGK NBfAFOATAGE MARBY &é OF N YRKBRNENE
detected having different distribution in the years of Action D7 implementa@®2230/06/2025Figure
1).
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Figurel. Type of biesigns with reliability 1 and 2 detected in the MNP monitoring area duh@gmplementation of Action D7
(202230/06/2025)

Bear bioesigns from 01/01/2022 to 30/06/2025 were found in both the southern and northern portions of
the monitoring area even though in the northern portion only the centrafth part was interested by bear
presence while in the very north, the NE ané thW edges no data were collected (Fighyeln 2022 MNP
staff verified a beehive damage (where hairs were also found) just 100 meters outside the NW edge of the
monitoring area (grey asterisk in Figure 2). This finding could be an indicator of falsieesgacurring in
the NW portion of the monitoring area, however the presence of several barriers between the beehive
damage and the MNP monitoring area (highway, National road, river, railway) also suggest that the
movement of individuals between the twareas in that very point (a narrow gorge) could actually be
difficult if none. For this reason, the datum of the beehive damage, despite the closeness to the MNP
monitoring area and despite the fact that was actually recorded by MNP staff, has not lohgteithin the
estimation of the Minimum Convex Polygon (MNP) of beassias distribution in Action D7.

The MCP resulting from the analysis of the remaining records (8&dmig) is a 55.000 Ha surface almost
fully encompassed in the bigger 74.000 Ha surface of the MCP estimated-Bghsodetected in 2021

2022 during Action A2 (Figure 3). This comparisould suggest a contraction in the bear range from 2021
to 2025 (or at least 2024) but, actually, this statement is too simplistic and a more complex and thorough
evaluation must be conducted to understand the situation for the Apennine brown bear.
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Hgure 2. Bear biesigns detected in th®INP monitoring area during
the implementation of Action D7. The brown rectarfgighlights bie
signs detected on thBlaiellamassif; the grey asterisk refers to a
beehive damage detected by MNP staff just 100 meters outside the
monitoring area.

Legend

[J MNP Monitoring area
] Maiella National Park
@ Bear bio-signs 2022-30/06 2025 | I

] MNP Monitoring area
[] Maiella National Park

[ MCP 2020-2021
Figure3. MCP estimated for the bear ksigns detected O MCP 2022-2025 oz
during Action D7 (2022, 30/06 2025) as compared to the
MCP estimated for bear bigigns detected during Action A2 (262021).

In fact, MNP is a recolonization area and this imply that the beasibits detection is not only (as in every
area) affected by collection methods applied, but is also affected by the recolonization dynamics (i.e. by the
population dynamic of the sourgaopulation, the situation in the corridors and the situation in the

recolonized area).

The trend of the bear bigignsshows that after the peak reached in 2020, a decrease was detected making
theyears20224 nup 2yYS 2F G(KS aKz2ftz26aé 2F GKS ASNASaE O6CA
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Figure4. Number of beabio-signs detected from 2004 to 30/06/2085the monitoring area of th#aiella National Park. The blue
dotted line represents the linear trend of bear-bigns detection.

*the number of biesigns for 2025 only refers to the period 01/80/06.

Considering that methods applied so far to search fordigms in MNP are mainly opportunistic, it is
reasonable to hypothesize that data collected have been affected by the inhomogeneity of methods
applied in different years. However, even though absslimbers/year may actually be biased, data can
still be used to observe the trend. The number of-bigns detected swung from few dozens in the period
20042010 to more than 100 in 2013 and in the periods 2@021 and went down again in the period
2022-2025. Observing the number of bear &igns it seems thus that the period 262@25 could be
comparable to the period 2062010 but this comparison results as incorrect when observing also data on
bear distribution and data on the number and sex of irdliails.

Comparing the different MCPs estimated for the periods 2040 (when few dozens of baigns were
found each year), 2022019 (from when the number of bisigns started to increase until the beginning of
the LIFE ARCPROM), 22221 (years of implementein of Action A2) and 2022025 (years of
implementation of Action D7), we can observe that the MCP of the period-2023 is quite different form
the one of the period 2002010 (Figure 5). While the shape of this last MCP relates to a situation where
the southern portion of the Park (i.e. the one closer to the source population) is the one mainly interested
by bear presence, the MCP of the period 22225 has a more regular shape and also includes the
northern part of the Park (Figure 5). This meang thiile in 20042010 signals of a justarted
recolonization process were detected, in 262225 the bear range is the result of a stable presence,
probably decreased in term of bear numbers (sd#¢08 many individuals are present and who they) are
but still related to a situation of consolidated population range expansion.

Looking at some details of the bear presence detected in 2025, it is worth noticing that two bear

presence (highlighted in Figure 2) refer to two extremely important episodes. Both of them refer to bear
presence detection on the higklevation rocky prtion of the EasMaiellamassif, where only in 2021 few

other signs had been detected (see Report Action A2); One is the detection of a bear (sighting with video) in
June 2022 while the other is the finding of footprints on snow in May 2025. They both witness the bear
presence irthe portion of the Park furthest from the source population and the report of May 2025 in that



rough, rocky area also suggests that the individual detected denned in that very area. Denning behavior can
be unequivocally detected only for radamllared individuals but still the detection of a bear in May in a
suitable area for denning provides aatig suggestion that such a behavior could actually have happened.

The two aboveeported records bolster the interpretation of the 202025 bear presence in MNP as
extremely different form the one of the period 20@010. Even though the mere number of bear-bigns
could suggest a similarity in the two periods, acty#ite situation is clearly different. Data suggest that the
low number of bear biesigns in 20222025 is possibly due to a lower detectability (e.g. given to biased
investigation methods, shyness of individuals, logistic difficulties in monitoring cearas etc.) but the
quality and type of those signs clearly indicate that the MNP recolonization is still ongoing and that
individuals are stably present as well.

The analysis of bear bigns distribution in the last 2gears period gives thus the following essential
information:

1. Bear presenceeached a degree of stability first in the south portion of the monitoring andach
is the one closest to the Abruzzo, Lazio and Molise National Park where the source population lives.

2. The area \Were biosigns were detected changed during the years with a @sgjve inclusion of
the north/north-western/north-easternportion of the monitoring area.

3. The bear presence in the new area in the negtist was first detected in 2022021 and was not
just an episode as data collected in 26225 not only provide that bear presence is still there, but
also suggest that the presence is stable and relatecetinthg individuals.

This three information suggest that bear presence in MNP is the result of a recolonization process that
started almost twenty years ago and, going through ups and downs, never stopped since then making bears
use more and more portions of the area.

This process passed through a starting phase, when changes in bear presence were slow andodifficult
detect, and now maybe entered an actual recolonization phase corresponding to more tangible changes
even in the short term.

Results obtained with the implementation of Action-BZ gave an essential contribution in assessing

GKSNB 0SIFNE NRFY |YyR ¢KI GQa -RO21LdpRsertedd tukigg pdirkS (G S NN
from a period when some territories could still beckided by some conservation activities to a period

when all the territories falling in the MNP monitoring area must be included in all the conservation

activities; years 2022025 are the years of equilibritiestablishment after the peak and data collected

confirm the inclusion of new areas in the bear range also giving clues of stable bear presence in these new
areas.
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Figure5. Minimum Convexd¥ygons (MCR)f bear biesigns detected in four different periods: 268310 (when few dozens of bio
signs were found each year), 262019 (from when the number of b&igns started to increase until the beginning of the LIFE
ARCPROM), 202021 (years of implementian of Action A2) and 2022025 (years of implementation of Action D7).

Even though bear radioollaring is not an activity foreseen in the frame of ActiondDX2to give a more
comprehensive information, we here report that additional bear presence data have been collected in 2022
and 2023 from the radigollars of the fema F1.129 (radieollared in the Monte Genzana Alto Gizio

Nature Reserve) and the problematic male M1.176 (radibared by MNP staff in Roccaraso just outside

the MNP boundary) (Figu®.
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Figure6. GPS locations acquired by the radadlars of the femalel-129 (October 2022 May 2023), captured in the Monte
Genzana Alto Gizio Nature Reserve, and the male M1.176-JAlyri2022) captured in the Roccaraso village just outside the Maiella
NP.

F1.129 was first captured by MNP staff in the Monte Genzana Alto Gizio Nature Reserve before the starting
of the LIFE ARCPROM. In October 2022 she was captured again by the staff of the Abruzzo, Lazio e Molise
NP in that same Reserve but the radillar lroke in May 2023. The male M1.176 is one of the four cubs of

a problematic female. With his mother and the other three littermates, he roamed in a portion of the

Special Protected Zone (ZPE) of the Abruzzo, Lazio e Molise National Park (PNALM). Aftelytheefik

up, when he was 1.5 years old, M1.176 started to show problematic behaviours in the same areas but then
moved closer to the MNP monitoring area. In September and October 2021 he did two sporadic visits but
then, in OctoberDecember 2021, he aldrequented the village of Rivisondoli. In 2022 a major BET
intervention was required to manage the situation (see Report C5.2 and C5.3) and, after the translocation,
M1.176 established his home range outside and inside MNP in the SW portion of th&iadallar broke

in July 2022 while M1.176 unfortunately died in January 2023 for a collision with a vehicle along the
National road SS17 close to the Special Protected Zone of the PNALM.
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How many individuals are present and who atieey?

Basing on the genetic analysis of bear biological material, the minimum number of bears present/year in
the MNP monitoring area can be assessed. In the frame of Action D7 a total of 29 genetic samples have
been collected and sent to the ISPRA laboratorttte relevant analysis (Table 2).

Table2. List of samples of bear biological material sent to\I‘SiéRA laboratory for the implementation of the genetic analyses

FAYSR G FaaSaaiay3ad GKS aSE yR GKS 3Sy2(e LISk antthéyks of deith N C2 N
are reported.

* Genotypes belonging to cubs

** Collected in 2025 after the end of Action D7 and still to be analysed when this report was written.

TYPE O TYPE Ol SE

YEAR SAMPLE CODE SEX GENOTYPE| YEAR SAMPLE CODE X GENOTYPE
2022  Hair PNM_CG_ 249 M 1710 1 H 2022 Saliva PNM_CG_265 Bear

2022 Hair PNM _CG 250 M 17164 H | 2023 Hair PNM_CG_266 Analysis failed
2022 Hair PNM CG 251 M 17164 H | 2023 Hair PNM_CG_267 Analysis failed
2022  Hair PNM_CG_252 M 1710 1 H 2023  Hair PNM_CG_268 Analysis failed
2022 Hair PNM_CG_253 Bear 2023 Hair PNM_CG 269 M 1716 1 H
2022  Hair PNM_CG_254 Mixed genetic materigg 2024  Hair PNM_CG_270 F 143
2022  Hair PNM_CG_255 M 1710 M H 2024  Hair PNM_CG_271 F 143
2022  Hair PNM_CG_256 M 202 2024  Hair PNM_CG_272 F 143
2022  Hair PNM_CG_257 F 129 2024  Hair PNM_CG_273 F 143
2022 Hair PNM_CG 258 F 129 2024 Hair PNM_CG 274 M 234*0 W H
2022  Hair PNM_CG_259 Mixed genetic materiag 2024  Hair PNM_CG_275 F 233*

2022 Hair PNM_CG 260 M 1716 % H | 2024 Scat PNM_CG_276 Analysis failed

2022  Hair PNM_CG_261 Mixed genetic materig 2024 Scat PNM_CG_277 F 233*
2022  Hair PNM_CG_262 Bear
2022  Hair PNM_CG_263 F 172 *

2022  Hair PNM_CG_264 M 1716 v H

Out of 29 samples analyzed in 262225, 19 (66%) have a complete successful analysis, for 3 samples
(10%) only the species could be confirmed, for 3 samples (10%) mixed genetic material was found (i.e. risk
of false genotypes occurring) and, finally, dosamples (14%) the genetic analysis completely failed. Seven
different genotypes resulted from the analysis (4 females and 3 males) but to assess the minimum number
of bear present, results of the genetic analysis were combined with results coming fin@mnoonitoring

activities and GPS collars. In 2022 none of the genetic samples collected belongs to M1.176, whose

84



presence was detected through the raeiollar making 5 the minimum number of adult bears (Figure 7); in
2023 the presence of the females F1.143 and F1.129 was detected through the observation of F1.143
recognizable family group (she was the only femath Wwicub marked with eatags) and the observation

of F1.129 also marked with etags, making 3 the minimum number of adult bears (Figure 7); finally, in
2024 the females F1.172 and F1.129 were spotted with, respectively, two yearlings and two cubs3making
the minimum number of adult bears (Figure 7). Even though the presence of F1.129 in 2024 was only
detected through the observations, the genotypes of her cubs resulted from the analysis of 3 samples
(PNM_CG_27275277 that belong to F1.233 and M1.23BL.172 was detected with her 2 yearlings in

2024 and was also stably detected from 2020 to 2022. It is thus highly possible that in 2023 she was
actually present in MNP with her two cubs but, since no genetic samples resulted in her genotype (or the
onesof her cubs) and since no reliable observation was reported for her family group, in this report she has
been conservatively considered absent in 2023.

Even though Action D7 finished at the end of June 2025, no genetic samples have been collected and
analyzed before 30/06/2025 so that only partial data are available regarding bear presence in 2025. When
this report has been written, 3 genetic sampleseciéd by MNP have been delivered to the laboratory

and several genetic samples collected in the frame of a project coordinate by the Environmental Ministry
(MASE, see 8Discussion and implications in term of ecosystem functions) have also been delitiered to
designated lab. However, an important datum acquired through observations and damag®ring, is

the presence of F1.129 with 3 cubs, the same female that in 2023 was present with 1 cub.

Combining the genotypes resulted from genetic analysis with data collected through the observation of
marked individuals and radicollared individuals, from 2022 to 2024 a total of 11 bears were detected. Six
out of 11 were adult bears (3 males and 3 féesd, 3 were cubs of the year and 2 were yearlings.
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Figure7. Minimum number o&dult bears detected in th®INP monitoring area from 2012 (i.e. form when standardized and
comparable analysis of genetic samples are available) to 2024. Dotted lines represent the linear trend of the minimurmfnumber
bears (blue) and the minimum number of females (purple). The greestion mark refers to the female F1.172 detected in 2024
with 2 yearlings that, with high probability, was also present in 2023 with the 2 cubs (see text for details). The gfeysctd r
M1.234 that disappeared in fall 2024 leaving F1.129 with @rdyb.

Data collected on the minimum number of bears detected give an essential contribution for the

comprehension of the situation in MNP. In fact, they provide information that not only complete the

framework but also give a key to understand and contextud@izeS G LISI 1€ FyR aK2ff2ga;
for the bear bissigns (Figure 4).

The minimum number of detected individual (MN) follows a different pattern with ups and downs way less
clear than the ones observed for bear tsigns. So far the MN experienced one hollow in 2018 and one

peak in 2021an expectedpattern in the expansion areas wheagecolonization process is ongoing.

fact, ups and downs in the number of individuals dve both to the fluctuations in the birth rate normally
happening in the source population atmthe dispersion behaviour that, especially for malegjot linear

but can imply individuals going back and forth from the source to the expansion areas as well as individuals
exploring different expansion areas before choosing where to dtajact, a better indicator than MN of

the ongoing situation is the minimum number of females (MNF). Females are less prone to leave the birth
areas (a behaviour called philopatry) so that when females are detected in new areas it means that a strong
motivation is pushing them to disperse (e.g. intif@ecific competitin) and this, in turn, implies that an

actual range expansion (i.e. a range expansion of a vital population) is happening. IViBlMbdbserved in

MNP clearly show that the bear bgigns peak observed in 202821 roughly overlaps with a peak in both

MN ard MNF; however, the hollow in bigigns detected in the period 202025 is not really confirmed by
MN-MNF data. On one hand a decrease in MN can actually be observed from 2021 {0232Rut, on

the other hand, the MNF did not suffer such a decrease antlially, the number of reproducing females
during 20222024 was the highest ever detected. This information bolsters the concept that, despite the
apparent similarity, the 2022024(2025) situation is way different from the 202@10 situation. The

number of detected biesigns decreased for some reason but the bear population living in MNP is more
than ever a vital population with 3 reproductive females that gave birth to 8 cubs (including the 3 cubs born
in 2025) in 3 years. This last reporting is ofithe most meaningful data collected for the Apennine brown
bear in the expansion areas and really shapes the essential feature of the situation with not only females
roaming in the territory but also reproducing.

Data collected during Action D7 are thus essential not only to assess the current situation but also to
understand and interpret data collected in the past (and data that will be collected in the future). They
strengthen the concept that the presence ofifales and females with cubs is the most important variable,
bio-signs alone as well as MN alone instead do not provide a satisfying framework to understand the
conservation status of the Apennine brown bear.

Peaks and hollows in bear bsigns and in MN could be due, among other things, to the behavior of males
that can go back and forth and move from one expansion area to the other. In order to better understand if
this variable played a role in the patterfiloio-signs and MN observed in MNP, the fate of the adult bears
detected in the period 2012024 was analyzed (Figure 8).
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YEAR YEAR
BEAR 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 BEAR 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
M1.66
M1.72
M1.93
M1.95
M1.105
M1.106
M1.110
M1.120
M1.171
M1.150
M1.197
M1.199
M1.176
M1.202

- Detected in MNP
- Detected in other portions of the bear range
- Year of dedected death

Figure8. Fate of the bears detected from 2012 to 2024 in MNP: left are males, right are females. All the males detected as dead (red
cells) died in the PNALM or in other expansion areas except for M1.110 that died in 2016 along the road that shapesatye bound
of the MNP monitoring area.

A total of 18 bears were detected in MNP from 2012 to 2024, 14 males and 4 females.

Seven males out of 14 (50%) certainly died, 4 died in the central range, 2 died in expansion areas different
from MNP while 1 died just outside MNP. The majority of males went back and forth from MNP to the
source population and/or other expansion areas/(rb0%), 4 (29%) were detected in MNP every year (or

just one year) until they disappeared, 2 (14%) were detected every year in MNP until they died and 1 (7%)
was detected for the first time in MNP and died that very year. Females, instead, once arriédPiwere

stably detected every year. The absence of detection of F1.143 in 2022 and F1.172 in 2023 are with high
probability due to a failure in the monitoring strategy rather than to an actual absence as they were both
detected in the adjacent expansi@mea of the Monte Genzana Alto Gizio Nature Reserve.

This analysis clearly shows the difference in the dispersal behaviour of males and females. While the
majority of males roamed in the whole bear range, females once arrived stayed and reproduced. This also
means that peaks and hollows in B@ns can betwngly influenced by years of higitesence of males
followed by years during which males just went to other areas and the same applies to the MN. The arrival
of females, their stable presence and their reproduction are, instead, the most important keariadook

at.

The analysis of fate implemented also provided important information on the levels of mortality for the
whole ABB populatiorin the MNP monitoring area, during the LIFE ARCPROM-222B) no dead bears

were found so that the bear mortality reported (implying also the humansed bear mortality) is zero.

From 2012 to 2024 only 1 bear died on the road that shapes the boundéng MNP monitoring area

(M1.110 in 2016) but looking at mortality events happened in other portions of the bear range (i.e. the
PNALM and other expansion areas) that interested bears also sampled in MNP, we can observe that 50% of
the detected males certainly died and 5 of them disappeared and were never sampled again in any portion
of the bear range. Among the 7 bears certainlydgig have been hit by cars/trucks in the areas of

connection between the source population and the expansion areas (M1.66, M1.110 and M1.176) stressing
out the importance of reducing road mortality and humeaused mortality in general for the future ofeh

ABB population.

In response of the Issue 23 raised by CINEA with the letter referring to the monitoring visit held on April
10M-11" 2025, we can state that the reported humaaused bear mortality for the ABB in MNP during the
LIFE ARCPROM was 0%, thus way less than the 10% threshold set in the frame of the LIFE ARCPROM.
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Presence of females with cubs

In the period 2022025, 3 females with 8 cubs were detected in MNP:

- F1.143: she was present in MNP since 2020. In 2023 she was first spotted with 3 cubs near to Roccaraso in
an area between the source population and MNP. Few days later only 1 cub was left while the first two

died for unknown reasons (one of the hypothes infanticide). She was detected in MNP when just 1 cub

was left; she was also detected in 2024 with the yearling and in 2025 was detected again in the south

portion of MNP with her 3 cubs.

- F1.129: she was present in MNP since 2021. She was detected in 2024 with her 2 cubs (F1.233 and
M1.234). However, in autumn 2024, she was spotted and filmed with just 1 cub meaning that one of the
cubs died. The genetic monitoring implemented in MNP iarttie adjacent area of the Monte Genzana
Alto Gizio Nature Reserve allowed to understand that the surviving cub is the F1.233.

-F1.172: she was present in MNP since 2020. She was detected with her 2 yearlings (M1.225 and M1.226)
in 2024. With high probability she was also present in 2023 with her 2 cubs but the monitoring activity
failed to detect her.

The period 2022025 represents the period with the highest number of reproducing females and the
highest number of detected cubs/yearlings. During the LIFE ARCPROM(2%) 9 reproductive events
happened with a mean of 0.66 (mimax: 02) reproductiveevents/year.

In response of the Issue 23 raised by CINEA with the letter referring to the monitoring visit held on April
10M-11" 2025, we can state that the reported reproductive events exceed the expected value of 1 event/2
3 years. Especially for the period 262325 when at least 1 reproductive event/year was detected.

Discussiorand implications in term of ecosystem functions

Data collected in the frame of Action A% provide information that bolster the hypothesis that the ABB
population is growing and expanding from the area of the source population (roughly overlapping with the
PNALM and its ZPE) to the expansion areagifgaly, the presence of reproductive females, the most
important indicator of population expansion, clearly suggests that a more and more stable presence is
interesting the Maiella National Park. In the same time, the distribution of beasibits suggsts that

more and more portions of the Park can be classified as areas with stable bear presence. In fact, despite the
expected peaks and hollows in the number of-bigns detected, the number of females detected

augmented from 2012 until 2025 and, dugithe LIFE ARCPROM reached its highest value both in term of
MNF (4 detected in 2021) and in term of reproductive events (4 events from 2023 to 2025).

This situation is of course a consequence of a growth in the source population: when population increases
intra-specific competition pushes bears to disperse thus also increasing the bear range. However, if source



population growth is @ondicio sine qua ndier the range expansion, it is not sufficient to make an actual
expansion happening. It is, in fact, crucial that specific conservation actions are implemented in the
expansion areas to favour bear arrival, survival and reproduction.

Data collected during AR7 alone as well as compared to the ones collected during-2018, suggest

that in MNP optimal conditions are available not only for roaming males but also for adult females that
established their range there and also reproduc&de number of reproductive events reported from 2023
to 2025, with F1.143 that reproduced 2 times in 3 years, represents one of the most meaningful data to
assess the current ABB population situation and bolster the hypothesis of a population growth/range
expansion.

In order to verify this hypothesis and estimate a new population size for the ABB, a specific project is being
implemented in 2025. MNP and PNALM promoted the use of funds received with NRRP programs to repeat
the study to estimate ABB population implemedtin 2014 in the frame of the LIFE09 NAT/IT/160 ARCTOS
including also the main expansion areas. Basing on a protocol drafted by the Sapienza University of Rome
and promoted by the Lazio Region, the Ministry of Environment (MASE) is thus coordinatifecathed
foresees a systematic positioning of hairagging traps from June to September 2025 in the central area of
distribution (50 5x5Km cells) as well as in the 3 main expansion areasNMI¢e Region; Monti Ernici
Simbruini; Sirente/elino Nature Brk; 45 7x7Km cells). Results of this project will be available in late 2025
spring 2026 but a first important result is that, thanks to the data on bear presence collected in expansion
areas,) the central area of distribution reported in the protocokiseady bigger than 2014 (meaning that

a degree of expansion of the central range has already been aknowledgéilthecexpansion areas have

been included in the protocol.

The assessment of the bear population dynamics requires several decades of monitoring (different
population size estimation should be implemented every 11.4 years, Gervasi & Ciucci 2018), however in the
meanwhile indicators of the ongoing situation mustésaluated in order to drive conservation actions. In

this framework, indicators collected so far suggest that MNP passed from being an area where bears

roamed sporadically to an area that hosts reproducing females. The last 5 years are the ones that mostl
provided the data to make this assertion, meaning that the increasing stable presence of females is the

most updated information available for MNP and also meaning that the LIFE ARCPROM years have been the
most important in term of data, information aridsights collected.

Beyond the importance of the LIFE ARCPROM for all the issuesdibowgsed connected to the

assessment of the status of the ABB range expansion process, results of actDrsa?e meaningful
implications also in light of the changes that a stable pasence can induce in the MNP ecosysté&ime
Apennine brown bear plays an important ecological e@atributingto several key ecosystem functions
essential to the healtlof the environment. The most important roles played by bears in term of ecosystem
functions are: seed dispersersal (e.g. Saral., 20D, Garéa-Rodiiguez et al. 2021, Téanoglu et al. 2021

YR aS8S$S It aT&chrickl Sepo &nl-BtdirSBear @Ursus arctos) contribution in ecosystem functions
through zoochory in Prespa, N. Pindos and Rodopi Mountain Range National Batks & O @Giyed A y 3
& Boitani, 2008Hetherington et al. 202)1 predation (e.g. Ciucci et al. 2014, Ordiz et al. 2@h8)nutrient

cycling (e.g. Butler&Harestad 1992, Hildebrand et al. 1999, Gende et 4|. PA@ella et al.2018). An

additional role that can be found in literature but is poorly investigated for the brown bear in Central Italy is
the favouring of insects nesting and, ultimately, of woodpeckers through the braking of trees for foraging

O %R NDOT e Z2&8015) SG |t

The seed dispersal role consists in the dispersion of seeds through scats deposited after feeding on fruits.
The movement of seeds from one area to another one facilitates dispersion itself as bears potentially carry
seeds for long distances. However, seéspersal also positively affects plant germination through the
removal of the pulp and the provision of the nutrient contained in the scats @ah, 20D; Garéa-



Rodiiguez et al. 2021). Additionally, the deposition of large amounts of seeds concentrated in the scat spots
also favors granivores (Shakeri et al. 2018).

Brown bears can have a role as predators, however for the Apennine brown bears mainly scavenging was
reported and predation on red/roe deers fawns and piglets was hypothesized (Ciucci et al. 2014). Through
scavenging bears play the role of ecosystem cleatiais removing decomposing carcasses that are
reservoir of pathogens for bears themselves and several other animals. Through predation bears can
contribute in regulating prey population and in providing carcasses for other animals that feed on dead
animds but cannot kill them (like vultures for example).

Nutrient cycling for brown bears has been reported in two main fields: transport of nutrients from aquatic
ecosystems to the lands (Hildebrand et al. 1999, Gende et al. 2004) and movements of soil layers (Butler &
Harestad 1992, Tardella et al. 2018). Wliie first one only applies to areas where bears feed on salmons,
the second one also applies in the Apennines with bears digging to feed on root, ants and insects in general
(Ciucci et al. 2014).

In order to evaluate each of the 4 abomeentioned ecosystem functions (seed dispersal, scavenging,
predation and nutrient cycler) played by the Apennine brown bear in the Maiella National Paskejas3
analysis was performed (Table 3).

1. the number of taxon playing that specific role in MNP was listed.

2. For each taxon, the potential impact of that role in the ecosystem was estimated in a scale from 0 to 5.
This was made taking into account both the importance of each specific role in the taxon ecology and the
amount of territory covered by each taxon.

3.The degree of importance of having the bear playing that role in MNP. This was assessed by assigning a
d02NB FNRBY n (2 p G2 GKS ljdSadAarzy al 2¢ YdzOK Aa (K
Ff NBIFI Reé LJX @SR o0& 20KSNJ aLISOASaKe

Results show that the number of taxon playing a similar ecosystem function as bears varies from 2 (prey
regulation/carcass provision) to 8 (medium/big fruits seed disperser); the potential impact of bear presence

in the MNP (Apennine) ecosystem varies frorfprey regulation/carcass provision) to 5 (seed dispersal).

Basing on the abundance and ecology of each taxon involved, results show that in MNP the bear presence
plays a significant role (scoringbd in term of seed dispersal of buckthorn and medihig fleshy fruits,

while a medium score () is related to seed dispersal of other berries and scavenging and, finally, a low
score@M0 A& NBfFGSR (2 LINB& NBIdA A2y k OF NOFaa LINR G
dispersal is very effiehtly done by bears given the high amount of fruits in the diet and the long distances
covered, the scavenging role is also played by the more abundant wolves and wild boars. In the same way

the low predation rates reported for the Apennine brown bear m#iewolf the most important taxon

covering this role while the distribution and abundance of wild boars, as well as the frequency of the
RAIAAYA O0SKFEGPA2NI AY GKSANI F2NIX3Ay3a FOGAGAGEET NBR:

Finally, it is important to report that the role played by bears in seed dispersal is particularly high for the
buckthornRhamnus alpinal’his bush lives in specific alpine habitats where béreging by other species

is quite difficult. Additionally, since buckthorn is a key food source in the Apennine brown bear diet (Ciucci
et al. 2014), it is consumed in large amounts and its seedspsead for long distances thus favoriits)
dispersion and germination.



Table3. Threesteps analysis performed to assess the importance of\fenine brown bear in playing the key ecosystem functions in the Maiella National Park.

Degree of importance

Key role Taxon that play a similar role Potentialimpact Taxon that can benefit in MNP
Bear Ursusarctos marsicanus) 5
Bedger Kleles meles 3 5 for buckthorn
Rhamnus alpina);
Fox Yulpes vul 2 ( '
Small fruits like berries s Vulp peis. 1
tone martenartes foing 3 for other berries
Pine marten artes marte$ 1 species
Turdidae 3 Frugivorous animals;
i Bear Ursus arctos marsicanus 5 Plants producing fruits
Seed disperser q | I eaten by bears;
Bedger Weles melek 3 Granivorous small
Fox (/ulpes VU|peS 1 mammals;
Medium/big fruits like Stone marten artes foing 1 4
cherries and apples Pinemarten Martes marte$ 1
Wild boar Sus scrofp 4
Red deerCervus elaphys 3
Porcupine Fytstrix crestata) 2
Bear {Ursus arctos marsicanus 3
Wolf (Canis lupus italicus) 4
Wild boar Susscrofg 3
Fox Yulpes vul 1
Scavanger Vulp pes Humans and other )
. animals
Golden eagleAquila crysaetus) 2
Vultures 5
Ravens 4
) . Bear Ursus arctos marsicanus 1 Preys, humans, all other
Prey regulation/carcass provision : — 0
Wolf (Canis lupus italicus) 5 scavengers
Bear Ursus arctos marsicanus 2 )
Wild b 5 Plants, insects,
Nutrient cycler (soil layers movement) lld boar Bus scrofp herbivores and 1
Bedger Kleles meles 2 insectivorous animals
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The analysis performed shows that the establishment of a stable bear population in the MNP, favoured by
the LIFE ARCPROM actions, already contributed to the MNP ecosystem health theosigimificant
presence of:

- an important species for seed dispersal in general and for buckthorn seed dispersal in particular.

- aLISO0ASa GKFG KSftLa aOfSIyay3aég GKS SOzaeaidSy
pathogens.

- a species that contributes in nutrient cycling through the movement of soil layers.

To conclude the assessment of ecosystem functions played by ib&arecessary to report that, beyond

the specificabovereported roles, bears are an umbrella speci@sien the diverse habitats required for

their living and the sizes of their home ranges, by protecting bears several habitats are protected as well in
significant surfaces. All the species that live in MNP have thus benefitted of the bear protectiontindire

and this makes the bear protection one of the most important actions that can be implemented to protect
the whole MNP environment.

Scores reported in Table 3 have been drafting taking into consideration the actual bear presence in MNP. In
the future, when hopefully a bigger bear population will be present, the positive impact of bear presence in
the MNP ecosystem will be even highereaning that the work done in the frame of the LIFE ARCPROM

not only provided improved ecosystem functions in the short term but also favoured their improvement in
the future.
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Abstract

Thisreport was preparedwithin the framework of the LIFENature and Biodiversityproject
LIFE1IS8NAT/GR/000768x L Y LINBughanysear coexistencein 4 National Parksof Southern
9 dzN.2 (LIBBARCPROM)mplemented by the EnvironmentalOrganizationfor Wildlife and
Nature & / I f f(cbardingtifgbeneficiary),in collaboration with the ManagementBody of
PrespaNational Park, the Ente Parco Nazionaledella Maiella, the ManagementAgencyof
Northern PindosNational Parkthe ManagemenBodyof RodopiMountain-RangeNational Park,
the University of Western Macedonia, the University of Thessaly,and WWEF ltalia Onlus
(associatedbeneficiaries).The project is co-funded by the LIFEfinancial instrument of the
EuropeanCommunity. Thénstitution responsiblefor the research, implementation, and diting
of this report wasthe Laboratoryof ForestEconomic®f the Aristotle Universityof Thessaloniki,
underthe scientificsupervisiorof Associate Profess#tonstantinoss.Papaspyropoulos.
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1. INTRODUCTIOANDPURPOSE

1.1. Purposeandgoalsof the LIFEFARCPROMroject

TheLIFEARCPROMroject aimsto improvethe conservationstatusof the brown bear (Ursus
arctos)in Greeceandthe endemicsubspeciesdJrsusarctosmarsicanusn Italy by addressinghe
increasinghumar;bearconflictsand promotingtheir coexistenceln Greecethe presenceof the
brown bearis concentratedin two main populationcores,which are geographicallysolatedand
together accountfor approximately50% of the national population of the species.Although
positive trends in population recoveryhave been recorded,the species'expansioninto lower-
altitude areaswith agriculturalland useincreaseshe likelihoodof conflict with humans,mainly
dueto accesdo anthropogenidood sourcesandthe lackof rationalmanagementin areaswhere
bear presenceis relatively recent but steadilyincreasingimmediate measuresare required to
ensurethe conservation othe existing individualandsupportpopulationgrowth.

In Italy, the project focuseson the endangered Apennine subspeciespopulation, which
numbersonly around50 individualsandwhosesurvivaldependson expandingts distributionand
reducing humaninduced mortality. Actionsare implementedin Maiella National Park (MNP),
whereastablebearpresence andonfirmedreproductioneventshavebeendocumented.

In Greecejnterventionsare carriedout in areasunderthe responsibilityof the Management
Unit of PrespaNational Park(MBPNP)the ManagementUnit of Northern PindosNational Park
(PINDNP)Rndthe ManagementJnit of RodopiMountain Rangé&ationalPark(RMNP)all part of
the Natural Environmentand ClimateChangeAgency(NECCA) he Universityof ThessalyUTH)
andWWHFltaly alsoparticipatein the project, contributingscientificandorganizationakxpertise.

The mairpbjectives othe projectinclude:

w Maintaininghumarrinducedmortality at sustainabldevels(e.g, below 4%of
the minimumestimated population in Greece).

w Ensuringthat the proportion of reproducingfemalesremainsat levelsthat support
populationviability.

w Increasingthe tolerance of local communitiesthrough stakeholderconsultations,the
operationof LocalPlatforms,andawarenesgaisingactions.

w Strengtheningcrossborder cooperation facilitatingknowledgeexchangeand providing
trainingfor personnelof the involvedagencies.

w Implementing preventive protection measures,such as emergencyresponseteams,
poisondetectiondogs,andlivestock guardinglogs.

w Highlightingthe added valueof bear presencethrough certificationof localproductsand
the promotion ofecotourism.

w Raisingpublic awarenessand promoting effective coexistencepracticesto safeguard
population viabilityand preserve ecologicddalance.



1.2. ProjectAreasof the LIFFARCPRONProgram

1.2.1. MaiellaNational Park

MaiellaNationalPark(MNP),locatedin the AbruzzoRegionof Centralltaly, is an areaof high
ecologicalvalueandservesasakeyrefugefor the Apenninebrown bear(Ursusarctosmarsicanus),
an endemicand criticallyendangeredsubspeciesTheParkis characterizedoy extensiveforested
areas, alpine meadows, and low human population density, making it highly suitable for
biodiversityconservation.

It encompassesprotected areas within the Natura 2000 network, nature reserves,and
culturallysignificantsites,andimplementsa zonedprotectionsystem MNPis one of the few areas
outside the Abruzzalazi@Molise National Park where a stable presence of reproducing
individualsof the subspeciesas been recorded, makingit critical for the conservationof the
brown bearpopulation.

Bearmonitoring in the Parkis carriedout through systematicmethodssuchas cameratraps,
geneticanalysisand GPSracking.Its southernzonehasbeen designatedasa core areain the
National Action Planfor bear conservation Strengtheningand stabilizingthe & LIS (papalatien
in MNPis a nationatevelconservatiorpriority.

1.2.2. Prespa NationaPark

Prespa NationdParkis one of the mostimportant protected areasin Greecewith exceptional
ecologicalgeographicaland cultural significanceat both nationalandtransboundarylevels.lIt is
characterizedy awide variety of natural habitats,includingforests,grasslandsagricultural land,
andthe presenceof the Smalland GreatPrespa.akesMost of the land withinthe Parkis publicly
owned,while agricultural areas arprimarily municipalor privatelyowned.

The region hostsrich flora and fauna, including a large number of endemicand protected
speciesThecombinationof mountainous Jacustrine,and forest ecosystemsnakesthe Parkone
of the mostimportant biodiversityhotspotsin the broaderBalkan region.

Thepresenceof the brown bear (Ursusarctos)is of particularimportance,asthe wider Prespa
arearepresentsa significantpopulation core for the species.The local population is vital for
maintainingthe geneticandspatialconnectivityof the speciespoth nationallyandacrosshorders.
Thegeographicalocationof the areaenhancests role asa cruciallink between bearmpopulations
in Greece,Albania,and North Macedonia,where the speciesfacesincreasingpressurefrom
humanactivities.

The Parkintegrateselementsof natural heritage, ecologicalsensitivity,and socioeconomic
relevanceandplaysacriticalrole in the conservatiorof largecarnivoresn the wider mountainous
zoneof WesternMacedonia.

1.2.3. RodopiMountain RangeNational Park)

The RodopiMountain RangeNational Parkis one of the most important biodiversityareasin
the BalkanPeninsulawith richfaunaandfloraandnotableecologicakignificanceat both national
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and transboundarylevels.Its ecologicaldiversity stemsfrom its geographicalocation, complex
topography,microclimaticvariations,andgeologicahistory.

The mainland usesincludeforestry, livestockfarming,and agriculture,with mostforestareas
beingpubliclyowned. TheParkis dividedinto protection zoneswith varyingdegreesof permitted
activitiesand hostsa range of conservationdesignationssuchas Wildlife Refugesand Natural
Monuments.

Rodopiis hometo naturalhabitat typesof high ecologicalalueand servesasa refugefor key
wildlife speciesjncludingthe brown bear (Ursusarctos),the wolf, the otter, the Balkanchamois,
and the red deer. The bear maintains a geographicallyisolated population here, which is
connectedto other coresin the broaderregionof the EasternBalkansThet | Nidhf@ancelies
in its role asa critical link for the spatialconnectivityof bear populations,supportingthe & LIS OA S & Q
longterm conservation.

Despiteits ecologicalvalue, the area faces challengesrelated to humargwildlife conflict,
making targeted managementinterventions essential to maintaining the balance between
conservation and humaadivity.

1.2.4. Northern PindosNational Park

Northern PindodNationalParkis one of the largestand most ecologicallyimportant protected
ecosystemsn the country, with particular significancefor the conservationof the brown bear
(Ursusarctos),a strictly protected and emblematicspeciesThe areahostsone of the strongest
bear populationsin Greeceand servesas a key source population for the reinforcement of
neighboringregions,contributing decisivelyto the geneticand geographicatonnectivityof the
speciesat both nationalandtransboundary levels.

The geographicallocation of the intervention area is of strategicimportance, as it links
subpopulationswithin the Pindosrange,thereby enhancingthe cohesionand longterm viability
of the species At the sametime, the existenceof previousmanagementactionsthrough LIFE
programshasestablisheda strong foundation of experienceand best practices,facilitating the
implementationand expansiorof newinterventions.

TheParkincludesareasunder strict protection status,former national parks,wildlife refuges,
and zonesof high ecologicalvaluesuchasValiaKalda.Themain land usesare forestry, livestock
farming,andagriculture with the majority of forestedareasownedby publicor communabodies.

Theregionis particularlyrich in flora and fauna, hostinga large number of endemicspecies
and speciesof communityinterest, aswell asa variety of priority natural habitats. Thepresence
of the bearisanindicatorof the ecologicaintegrity of the forest ecosystemandits conservation
inthe Pindosregionconstitutesa keypillar of the overallprotectionstrategyfor the speciesacross

the BalkansaandEurope.

1.3. TheNeedfor the LIFEARCPRONRroject

TheLIFEARCPROMIrojectis necessarpecausdt directly and strategicallyaddresses series
of seriousand persistentthreats that undermine the conservationof the brown bear (Ursus
arctos)populationin Greeceand Centralltaly. Despitepreviousefforts andimplementedprojects,



thesethreatsnot only persistbut havere-emergedmore intenselyin someareaswhile in others
they are appearingfor the first time dueto the recentrecolonizatiorof bears.LIFEARCPROIslims
to offer a coherent and scalable response to this phenomenon by strengtheningottis,
infrastructure,and capacities dbcalauthoritiesandcommunities.

First and foremost, direct humaninduced mortality remains the most pressing threat.
Accordingto availabledata, at least57 incidentsof humancausedbear mortality were recorded
between1996and 2018in the three Greeksub-areasof the project representing 29.1%of all
documentedhumancausedmortality. Estimatessuggestthat the actualnumber of deathsmay
reachashighas171incidents,implyingthe existenceof significantunderreportingor undetected
killingst potentially affecting up to 34%of the national population. Causesnclude deliberate
killingsin responseto damageyoad collisionsjllegalhunting,andpoisoningor trapping. Despite
actions under previous LIFEprojects and some progressin prevention and deterrence,the
problemremainssevereanddisruptiveto the & LIS Ganéval.Q

Secondthe projectfills a gapleft by the lack of unified planningacrossareaswith varying
degreef previousengagementn bearconservéion. RodopiandPrespahavenot benefitedfrom
LIFEprojects for the brown bear since 1999 and 2002, respedively, leaving management
authoritieswith limited resourcesgquipment,and expertise.ln Pindos,the early termination of
the LIFEARCPIIproject left severalactionsincomplete,preventing them fronprogressingo the
After-LIFEphase.|n Italy, despitethe growingbearpresencen recentyears MaiellaNationalPark
hasneverbeen adirect partnerin a LIFEproject specificallytargetingbearconservation Assuch,
the continuation, reinforcement,and geographiexpansiorof conservatiorefforts are essential.

Third, LIFEARCPRONgspondgo the needfor institutional capacitybuildingamongProtected
AreaManagementBodies.Theproject doesnot limit itselfto isolatedinterventionsbut investsin
systemaically strengtheninglocal authorities so they can sustainthese efforts after the project
ends.Thedevelopmentof specializedunits T suchasBearEmergencyResponséeams,Poison
DetectionDog Units, and LivestockGuardingDog Networkst exemplifiesthis empowerment.
Thetransferof know-how from previousprojects,the utilization of existinginfrastructure,andthe
creation ofnewfacilitieshelpensurethe longterm viability of these interventions.

Fourth, awarenesgaising remains a critical need. In all participating regions, a lack of
informationamongcertainsocialgroups(e.g.,livestockfarmers,hunters,localcommunities)eads
to fear, misunderstandingand at times violent reactionsto the presenceof bears. Despite
previous programs, a significant percentage of hunters still lack a basic understandinigeaf
biology and behavior.In the Maiella area, the recent recolonizationof bearsis perceivedasa
threat, with local communitiesreactingas if confronted with a & y* Sdéngerousl Yy A YLFRE ® ¢
ARCPROMintegrates awareness, education, and outreach activities aimed at changing
perceptionsand supportingthe peacefulcoexistenceof humansandwildlife.

Ffth, the project aims to establish metapopulation connectivity between isolated bear
population coresin Greeceand the wider Balkans.The three Greekproject areast Pindos,
RodopiandPrespar playa criticalrole assourcepopulations,providingdispersingndividualsto
recolonizedregions thereby maintaininggeneticflow andreducingisolation.Strengtheninghese
connectionsthrough appropriate managementpracticesand mortality reductionis vital for the
longterm viability ofthe speciesat amacroregionalscale.

Finally,the current timing is ideal for activatingthe project. Beyondthe escalationof threats



and the reappearanceof bear mortality incidents,the managementauthorities now possess
greater experience statistical data, and animprovedunderstandingof localsocialdynamicst  all
of which increasetheir capacity to acceptand implementthe proposedinterventions. LIFE
ARCPROMuilds on this maturity, linking the pastwith the future of speciesconservationand
establishinga unified, coherent,and Europewide actionframework.

In summary,LIFEARCPRON& not merely a continuationproject. It is a targetedresponseto
an everevolving landscapeof threats and challengesfacing the brown bear, to transform
satteredefforts into stable,manageableandlongterm conservatiorsolutions.

1.4. Actionsof the LIFEARCPROMroject

Theprojectcomprisesa wide rangeof actions,coveringdatacollectionon bearpopulationand
distribution, prevention and mitigation of humargbear conflicts, capacitybuilding for
managementauthorities, training and awarenesgaising for targeted groups, monitoring of
intervention effediveness,promotion of humargbear coexistencethrough local products and
servicesaswell asdissemination andeplication ofresultsat nationaland Europearievels.

ActionD7¢ a ! & a S ZoBEcEystancC dzy O (chriitti@sta critical tool for documenting
the environmentaland sociceconomicvalue of the LIFEARCPROMroject. Thisaction aimsto
identify and evaluatethe ecosystemservicesrelated to the presenceand conservationof the
brown bear(Ursusarctos),a keystoneandumbrellaspeciesvhoseprotection reflectsthe broader
ecologicahealthof forest ecosystemsT heevaluationfocuseson both quantitativeand qualitative
data, inorder to highlightthose ecosystenfunctionsthat positivelyimpactthe environment,the
localeconomy,andsustainabledevelopment.

Thistaskentailsthe collection,processingandinterpretation of datarelatedto the ecosystem
servicesdeliveredthroughout the implementationof the project. Datacollectionwill be carried
out using tailored questionnairesdistributed to the LINR 2 Sodéneéfigiariesand partners,
particularly those whavere activelyinvolvedin ActionsD1 (monitoringof ActionsC4, C5C7,C9,
and C10),D3 (monitoring of Action C8and the BearFriendlylabelingschemefor productsand
services), D4 (monitoring of anti-poisoning and volunteer engagement actions), and D5
(monitoring of changesdn the attitudes of involvedsocialgroups).Action D7 will useinput from
the participatingco-beneficiariesnvolvedin ActionsD1,D3,D4,and D5to deliveran integrated
assessmendf the project'soverallimpacts.

1.5.Purposeof the PresentReport
This report is preparedwithin the framework of Acton D2 G ! aaSaavYSyid 2F 9024
Cdzy Ol A2yaé¢ 27F piogdanfictnGetnsthe dotumentationof ecosystenservices
resultingfrom the LINR 2 iGténieflidnsand outcomesthroughout its implementationperiod.
Specificallyit focuseson the secondpart of the final report, which evaluateshe positive effects
of conservinghe brown bearasboth anindicatorspeciesandan umbrellaspeciedor the stability
and functionality of mountainousforest ecosystemsAt the sametime, it recordsthe impactsat
the level of the local economy,suchas the promation of sustainableagriculturaland tourism
practicesandthe improvementof coexistenceconditionswith local communities.Action D7 will
usedatafrom the LIN2 2cs-benefidariesjncluding participantsnvolvedin ActionsD1, D3, D4,



and D5,to drawintegratedconclusion®nthe LIN2 2eéh@an@entaland sociceconomicvalue.



2. LIFESOCIGECONOMIMPACT®FLIFEPROJECTS

The Natura 2000 Network providesa wide range of ecosystemservices.Accordingto the
Millennium Ecosystenfssessmen{2005),ecosystenservicesare classifiednto:
9 Provisioningervices
1 Regulating services
9 Culturalservices
1 Supportingservices

Researcthasshownthat the economicvalue of these servicess estimatedat € H /i€ 0 1 n
billiont anamountthat far exceedghe costof managingheseareas (Pellegrinet al.,2017).

The sociceconomicbenefits of Natura 2000 sites, as reported in the literature (European
Commission2013),include:

9 Carbonstorageand climate changmitigation
Recreatiorandtourism
Employment
Biological control
Foodsecurity
Disasteriskmanagement
Educatiorand science
Waterpurificationand conservation
Firemitigation
Ecotourism

I Flood and erosion protection

LIFEprojects, in their variousforms, aim to enhancethese benefits in areassuchasthose
includedin the Natura 2000 Network. Among LIFEprojects, there are also those focusedon
environmentalgovernancer projectsthat involveinformation disseminationawarenesgaising,
and communication of environmental issues. These projectspromote knowledge about
sustainabledevelopmentand new modelsof sustainableconsumption.

They facilitate the exchangeof knowledge about successfulenvironmental solutions and
practices, including througtine developmentof collaborativeplatformsamongstakeholdersaand
training activities. The outcomesmay include improvementsin the skillsof staff in competent
authorities (socialimpact) as well as the enhancementand expansionof ecosystemservice
provision(economiampact).

= =4 4 4 -4 -8 - —a -9
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3. METHODOLOGY

Thisreport concernsthe assessmentf ActionsD1,D3, D4,and D5. It was conductedusinga
gualitative approach,employingfocusgroup discussiongnd in-depth interviewsasthe primary
methods.

3.1. ResearclApproach

In the present study, qualitative methods were applied to assessthe ecosystemservices
affectedby the actionsof the LIFEARCPROIroject. Qualitativeresearchisa type of inquiry that
aimsat anin-depth understandingof realworld issues(Moser & Korstjens2017).In contrastto
approachedasedon numericaldata, qualitative researchfocuseson hypothesisgenerationand
providesvaluableinterpretationsandextensionsof findingsderivedfrom quantitative data.

At its core lie the experiencesperceptions,and behaviorsof participants,and it primarily
addresseshe questionsof & K 2 @néd ¢ Krather than & K 2YpgdzO & é K 2Yd vy Eénnyet
al., 2017).While a qualitative study canstandalone,combiningit with quantitative dataleadsto
amore holisticand comprehensivainderstandingof the subjectunderinvestigdion. Quantitative
research, in turn, provides a wide range of statigical methods (Creswell,1994), allowing
researchergo developinterpretive andexplanatorymodels(Libarkin& Kurdziel 2018).

TheNB & S I Nph&r§ NEYést is to understandthe meaningindividualsassignto their
perceptionsof reality and aims through appropriate tools and techniques to examineand
describethe world of their individual and social experienceas it is lived by the participants
themselves, noasit is perceivedby theresearchei(Patton, 1987).

Choosinga qualitative approach is considered particularly suitable in caseswhere the
researchereither knowsvery little about the issueunder investigationor seeksto gaina new
perspective oranalreadyfamiliar subject(Silverman;1998).

3.2. Qualitative ResearciMethods

3.2.1. FocusGroups

Thefocusgroupis a researchmethod that bringstogether a smallgroup of participantswith
shared characteristicsand experiencesto respond to questionsin a coordinated setting.
Participantsare selected basedn predefined criteriaandthe questionsare designedo address
specificscientificissuesFocugroupsare commonlyusedin marketresearcho better understand
LJS 2 LX¥e& s to products or servicesor to explore their perceptions around shared
experiencesDiscussionsanbe either guidedor more open-ended,allowingfor free interaction
amongparticipants.

The core methodological aim of the processis for the researcherto understand the
LJ- NJi A OA LI yASapgradevalDatidn 20gacdsgroupscanyield valuablelessonsand
recommendationdor performanceimprovement.lIt is thus a qualitative researchor evaluation
method that relies on interadive and guided discussion®rganizedby the researcher(Morgan,
1996).



The focuggroupmethod is appliedacrossnearlyall scientificdisciplineslt is carriedout using
gualitativetechniquesandinvolvesgatheringa groupof individualswho are askedio expresgheir
perceptions, attitudes, opinions, and beliefs on a rangeof issues(Calder,1977). Participant
selectionmust be done carefullyto ensurethat the data generatedare useful (Kitzinger,1995).
Participantsare encouragedo speakfreely andinteractwith one another,ratherthanresponding
to isolatedquestionsfrom the researcherThroughthis groupinteraction, it becomespossibleto
exploreand clarify their viewsand beliefs. Thefacilitator recordsthe discussiorand takesnotes
for subsequentnalysis.

This process enables the collection of qualitative data from multiple participants
simultaneouslymakingthe focusgroup a practical,efficient, and effedive method for capturing
experiencesattitudes, and percegions (Kitzinger,1995). In the context of this report, a single
online focus group was conductedwith approximatelyten participantswho were involved in
implementingthe LIFEARCPROIdroject actionsin Greece.

The group was convenedvia the online platform ZOOM,which is freely availableto faculty
membersof the Aristotle Universityof ThessalonikiThe choiceof an online format wasdeemed
appropriate both for logistical convenienceand due to the geographicaldispersionof the
participants. The structure followed the classicsinglefocus group format (Morgan, 1996), with
one moderatorguidingthe discussion and afiarticipantsinteractingin realtime within the same
digital environment.

The group included professionalsfrom various organizationsinvolved in the LIN2 2S O Q&
implementation, bringing significant experienceand expertisein the fields of environmental
management,biodiversity conservation,and the executionof actionsin protected areas.Data
collectionwas basedon a semistructured questionguide, with emphasisplacedon interadive
exchangeof viewsand highlightingthe diverseexperiencef implementingactionsin different
regions.

3.2.2. In-Depthinterviews

In-depth interviews are a type of qualitative researchthat allows researcherso document
multiple perspectiveson reality. Essentially they are one-on-one conversationsthat may be
conductedin person, by phone, or online. Thisis a flexible and dynamicmethod that enables
researchergo understandthe socialworld through the spokennarrativesof participants(Taylor
& Bogdan,2015). Typically these are individual interviews lasting between 45 minutes and 2
hours.

In-depth interviews help reveal LIS 2 Ldnd@\@tions and contribute to identifying their
perceptions,attitudes, emotions, and experiencesHowever, it is important to note that each
interview reflects only the experiencesand views of a single individual. Therefore, in-depth
interviewsdo not aim at generalizatiort nor arethey suitablefor it (Kuback®& Thiele,2017).

Thismethod was employedto assesghe ecosystenservicesthat evolvedthrough the LIFE
project actionsimplementedin Maiella NationalPark,basedon interviewswith representatives
of the Italianpartnerswho participatedin the program.



3.2.2.1. Typesof interviews

Tocollectqualitativedatafrom the Italianside,two different approachesvereemployed.First,
asemistructuredinterviewwasconductedwith a staff memberof MaiellaNationalParkwho had
beenactivelyinvolvedin implementingthe relevantLIFEARCPROMroject actions.Theinterview
wasbased ora predefinedquestionguide,developedin line with the objectivesof ActionD7and
sentin advanceto the intervieweeto allow for adequatepreparation.Duringthe interview, the
main questionsfrom the guide were reiterated, with emphasisplacedboth on deepeningthe
thematic axes and encouraging open discussion. The interview was conducted via
videoconferencaisingthe ZOOMplatform andlastedapproximately50 minutes.

This approach allowed for systematiccoverageof the & G dzRkéy @h@matic areas while
preservingthe flexibility to exploreadditionalissuesthat emergedduring the conversation.The
use of openended guestions facilitated the collection of meaningful and enriched content,
groundedinthe A y (i S NIekpeneSc8v@rathe LINE 2 idideimendationin Maiella National
Park.

In parallel,a structured written interview was also usedfor the purposesof this report. This
wassent and completedvia email by the representativeof WWFlItaly. Theinterview wasbased
onthe samequestionguidebut followedafully structuredformat, strictlyadheringto the wording
andsequenceof the questions. Thehoiceof awritten format allowedthe respondentto provide
detailed answers supportedby documentationand referencesto specificdata and experiences
fromthe LINR 2i@pein€ntationin the Italiantargetareas.

3.2.3. Informed consent

Duringthe conductof anyresearchijt is essentiato considerimportant ethical issuesn order
to ensureboth the protection of participantsandresearcherandthe integrity of the study.lssues
suchas privacyprotection, confidentiality,and informed consentmust be addressecdbefore the
start of the researchprocess.

Forthis reason,all participantst bothin the in-depth interviewsandthe focusgroupt were
askedto providetheir consentto participatein the research.Consentformswere signedprior to
the interviews,after participantshad beenfully informedabout the nature of the studyandtheir
role in it. Similarly aninformed consentform wassentto the representativeof WWFItaly before
the written interviewwasconducted,in order to ensurecompliance withthe ethical protocolsof
the study.



4. RESULTGDISCUSSION

4.1. Descriptionof the ActionsRelatedto the

Assessmenbf EcosystemServicegAction D7)

Beloware detailed descriptionsof ActionsD1, D3, D4, and D5, as well as of the associated
Actions, which constitutéhe core subjectof the presentanalysis.

Action D1 ActionD1servesasthe mainmonitoringumbrellafor the LIFARCPROMTrojectin
Greece,focusingon the assessmenbf the impact of four specific actions aimed directly at
reducinghumargbear conflicts: C4,C5,C7,and C9.The objective of D1is to collectand analyze
both guantitative and qualitative data regarding the effectivenessof these interventionsin
improvingthe conservationstatusof the brown bear (Ursusarctos),aswell asin mitigatingthe
& LJS Otal8tdafion to human presence. The action is coordinated by Callisto, with the
participationof all ManagementUnitsfor ProtectedAreasunder NECCAformerly Management
Bodies), whilehe Universityof Thessalys responsibl€for developinga geospatiadatabase(GIS)
and analyzinghe collecteddata. Action C4involvesthe training and deploymentof KarelianBear
Dogsto deter bearsfrom approachingareaswith humanpresence C5concernshe operationof
the Mixed BearEmergencyleam(BET)which intervenesin conflict situationsand implements
both C4and C9.C7focuseson deterrent methods(suchaselectricfencingand bear-proof bins)
andismonitoredviainfrared cameraswhile C9introducesnewdeterrenttools,includingacoustic
andvisualdevicesspecificallydesignedor bears.Theseactionsare implementedin highriskareas
where repeated bear intrusionsinto settlements, crops, or beekeepinginstallationshave been
recorded.ActionD1monitorsa seriesf indicators:the numberand nature of BETinterventions,
the types and effectivenessof deterrent methods used, bear responseqtrackedvia collarsor
cameras),and changesin local NB & A RaSitfdiesif@lowing the interventions. Part of the
evaluationalsoincludesinterviewswith localpopulationsto assesshe socialacceptanceof these
measuresThisactionis considerectriticalfor optimizingmanagemeninterventionsandtailoring
themto the actualneedsof ecosystemandlocalcommunities.

Action D3 Action D3 conditutes the main evaluation mechanismfor Actions C8 and C10,
which are implementedin Greecewith the aim of mitigating humarncbear conflictsthroughthe
promotion of alternative, norrinvasivepractices.Theactionis led by the Universityof Thessaly
(UTH),with the supportof WWFItaly for the assessmenbf Action C10in MaiellaNational Park
(MNP). Action D3 focuseson the collection, observation,and analysisof data concerningthe
performanceof LivestockGuardingDogs(LGDsHlistributedto livestockfarmersunder Action C8,
aswell asthe evaluationof the receptionof the innovatived 6 SH- N S pfdRdicad service
certification systemintroduced by Action C10.Action C8involvesthe creation of a network of
livestockfarmerswho are providedwith trained guardingdogs(of the Greekshepherdbreed or
similar)to deter attacksby carnivoresmainlybearsandwolves.Underthe monitoringframework
of D3, annualdata are collectedon damagesbefore and after the dog donation, the quality of
puppyrearing,their health and behavior,andthe degreeof complianceby livestockfarmerswith



key handling guidelines(training, flock bonding, and limiting human interadion). Field visits
include observation,questionnairecompletion, and evaluationby specializedJTHstaff. Action

Cl0aimsto developa systemfor labelingproducts(mainlyof animalorigin) and tourism services
asG 0 ST-NW S jhrdugRaxiédicatedcertification mark. Thegoalis to enhanceenvironmental
awareness,promote the local economy,and position Ursusarctos as a speciesof not only

ecologicabut alsoeconomicvalue.5 o @@nitoringincludesquestionnairego producersshops,
and consumersanalysisof responsesmappingof economicindicators,and evaluationof the

market context, which presents particular challengesdue to the economic crisis and the

mountainousnature of the project areas.Actingasa critical meta-analysisof C8and C10,Action

D3enablesa targeted evaluationof their effectivenessoth in terms of reducingbear mortality

causedby humanactivity and in terms of broader sociceconomicacceptanceand adoption by

localcommunities.

Action D4 Action D4 focuseson the systemaic monitoring ofthe effectivenesof two critical
interventions: the operation of Anti-Poison Dog Units (ADUs)(C3) and the engagementof
volunteersin detecting and reducingthe use of poisonedbaits (C6 ¢ Volunteering).The main
objective of Action D4 is to record and evaluate measurableperformanceindicatorsfor each
action, in order to draw evidencebasedconclusiongregardingtheir succesor weaknesses
conclusionsthat directly inform Action D7, which assesse&cosystemfunctions and services.
Action C3is divided into two sub-actions.Subaction C3.1concernsthe operation of two Anti-
PoisonDog Units active acrossthe broader project implementationarea. Their performanceis
monitored through specificindicators such as the number of patrols, the number of reports
receivedfrom citizens the numberof baits andcarcassesletectedperyear,and change# these
figures acrossthe years of implementation. Subaction C3.2 involves the production and
distribution of First Aid Kits for poisonedanimalsto livestockfarmers and hunters, with data
collected on their use and effectiveness(e.g., number of animalssaved).Action C6relatesto
volunteer participation indetecting poisonedaits, with performancemonitored through similar
indicators:number of patrols, findings,and yearto-year variations.The evaluationalsoincludes
gualitativeaspectssuchascommunity involvementand improvementin public attitudes toward
bears. The implementation of Action D4 was entrusted to the University of Thessaly,with
contributions from Callisto and WWF. Data analysisincludesthe creation of databases,GIS
processing,and the production of thematic maps. Action D4 provides critical data for
understandinghe ecological impacbdf ActionsC3and C6andis directlylinkedto the assessment
of regulatingand culturalecosystenservicesunder ActionD7.

Action D5 Action D5 focuseson documentingand analyzingchangesin perceptionsand
behaviors among key social groups involved in humargbear coexistence,through annual
guantitative surveysonductedin eachNationalPark.Dataare collectedwithin the frameworkof
the workshopsorganizedunder Action C1(local dialogueplatforms),enablingthe monitoring of
The scenariosinclude the current situation 6 & 6 dzaasdfESdl-atmobderate changescenario
6 & a ¥ Niaddarkoptimisticscenariod & 6 Gla &ikvéhingthe adoptionof goodpractices



in bear management.Thus,Action D5 providesa critical mechanisnfor monitoring and shaping
the socialacceptancef the LINR 2ifteébvérflanst acomponentdirectlyrelevantto ActionD7,
which evaluatesthe project's socialand cultural ecosystenserviceg(e.g.,socialcohesion,sense
of safety,environmentalawareness).

Data collection (over 1,200 questionnairesin total for the years2021¢2023) allows for the
identification of trends, regional differences,and the detection of barriers or successesn
implementing best practices t particularly in relation to public and stakeholder trust in
managemenstrategies.Thequestionnairewasdesignedasedon the SWOTanalysifrom Action
Cl.1andwasvalidatedfor reliability andaccuracyusingmultivariate statisticalanalysis.

Implementedby Callistowith the participationof the ManagementUnits for ProtectedAreas
(MUPAs)Action D5 not only contributesto improvingthe socialprofile of bear conservationbut
alsoprovidesquantitative data that canbe integratedinto the MAESmethodologyfor assessing
culturalecosystenservicesTheavailabilityof reliablequantitative dataenhanceghe capacityfor
evidencebasedpolicymakingat the locallevel and supportthe adaptivemanagemenbf project
interventions.

4.2. Resultsfrom the Implementation Areasin Greece

This section presentsthe results of the focus group conductedwith the participation of
partnerswho were directly involvedin the implementationof LIFEARCPROMroject actionsin
GreeceThediscussiorfocusedon evaluatinghe impactsof theseactionson ecosystenservices,
basedon the unified EuropearMAESrameworkandthe classificatiorof servicesiccordingo the
CICE&xonomy(European CommissioBirectorateGeneral fothe Environment2013).

Tablel providesa summaryof the participantsand their rolesin the contextof the LINE 2 SOl Q&
implementation.

Tablel. FocusGroupParticipants

Name Position
Spyros Psaroudas Project Manager in the LIFE ARCPROM project - Callisto
Elpida Grigoriadou Biologist at Rodopi Mountain Range NP Management Unit

(NECCA), Project Coordinator since 2022

Lito Papadopoulou Head of Prespa National Park & Western Macedonia Protected
Areas Management Unit (NECCA)

Thanasis Korakis Deputy Head of N. Pindos Management Unit (NECCA)
Dimitris Bormpoudakis Works at Callisto since 2023
Giota Argyraki Representative of University of Thessaly, Economic Advisor in

LIFE ARCPROM

Giorgos Chatzinakos Works at Callisto

Tzoulia Tsalazidou Collaborates with the University of Thessaly

Al e xGiaanskopoulos Special Teaching Staff at the University of Thessaly




4.2.1. Actionswith Ecologicalmpact

The evaluationof the project's contribution to ecosystemservicesmust begin with a clear
accountof the ecologicalfootprint of individual actions. Before proceedingto a systematic
correlation with ecosystemservicesas defined by the MAESframework, it was considered
necessaryto analyzewhich interventionshad the most tangible, direct, and measurableimpact
on the ecologicafunctioningof the three implementationareas.Thediscussiorfocusedboth on
effectson natural ecosystemsand wildlife T with emphasison the brown bear 1 and on the
consequencefor how humancommunitiesinteract with the naturalenvironment.

Accordingo the participantsin the focusgroup,four actionsstood out ashavingleft the most
substantial ecologicalfootprint: Actions C3 (combating poisoned baits through ADUs), C8
(distribution and monitoring of livestockguardingdogs),C5 (BearEmergencyleams)and C10
(promotion ofBearFriendly products).

Action C3 was describedas pivotal in addressingone of the greatestthreats to wildlife:
poisonedbaits. The operation of specializedAnti-PoisonDog Units enabledthe rapid detection
and removalof poisonbaits, preventingmassdeathsamongtop predatorsand scavengingird
species.The action was consideredparticularly effedive due to its institutional integration and
continuedoperationalsupportby NECCA.

Action C8 enhanced humargwildlife coexistenceby strengthening traditional guarding
practices Livestockguardingdogsservedasan effedive deterrent againstbear attackson herds,
reducing the need for violent repulsion or elimination of the animal. Moreover, continuous
monitoring, farmertraining,and advisorysupportmadethe measureparticularlysustainableand
sociallyaccepted.

Action C5 played a decisiverole in reducing humarcbear conflicts by establishingBear
EmergencyTeamsto managebear appearancesn populatedareas.These(i S | Wt@rgentions
reduced local NB & A RuScgrtaiat@and fear, increased public acceptanceof the 4 LJISOA S & Q
presence, andoweredthe likelihoodof harmful outcomesfor the animal. Theactionalso served
asa critical prerequisitefor the effediveimplementationof deterrentmeasures.

Finally,althoughAction C10waslessa U S O Kig datdre, it succeededn creatingecological
added value in an indirect way. The integration of environmental criteria into agricultural
production throughthe BearFriendlylabelprovidedincentivesfor damageprevention measures
andpromoteda more positivepublicattitude toward wildlife. Linkingspeciesonservatiorto local
productionwasseenasa majorinnovation withlong-term potential for institutional uptake.

In conclusionthe actionsthat left the most meaningfulecologicafootprint were those that
either directly reducedthreats to the survivalof the brown bear or improvedthe way human
activities interact with the natural environment, thereby strengtheningthe cohesion and
resilienceof localecosystems.



4.2.2. EcosystenterviceEnhancedy the LIFE
ARCPROMctions

4.2.2.1. ProvisioningEcosystenfervices

Accordingto the CICESIassification provisioningecosystemservicesrefer to the tangible
material benefits that humansderive from ecosystemssuchasthe production of food, water,
biomass,and genetic resources.While the main focus of the LIFEARCPRONjroject was on
improving humargbear coexistenceand reducing conflicts, several actions were directly or
indirectly linkedto the enhancemenbf provisioningservicest primarily throughthe supportof
local agricultural production, its connectionto environmental values, and the promotion of
entrepreneurshign mountainousareas.

Action C10

The most significantand directly connectedaction to provisioningecosystemserviceswas
Action C10,which involvedawardingthe & . SG NW S lbiRItodogal productsand services As
highlightedby manypatrticipantsin the focusgroup, this actionservedasa catalystfor showcasing
local productsthat originate directly from the natural environmentof the three implementation
areasof the LIFEARCPROMroject in Greecet namely,Prespa,Northern Pindos,and Rodopi
NationalParkst and areproducedin waysthat are compatiblewith brown bearconservation.

Accordingo the majority of participants ActionC10,centeredon awardingthed . SANW Sy Rf & ¢
label, representedhe LINE 2rBo6t tarQetedeffort to enhanceprovisioningecosysternservices.
Althoughits initial purposewasnot primarily agriculturalor commercialits practicalapplication
revealedsignificantpotential for reactivatinglocalproduction and strengtheningural economies
in areaswith rich naturalcharacterbut decliningproductiveadivity. Thesymbolicandcommercial
useof the brown bearimageasamarkof environmentaresponsibilityactedasa catalystfor more
systemicrecognitionof the valueof productsthat comefrom healthy, functioningecosystemg
ecosystemsvhoseintegrity is affirmed by the 6 S I pxidSeice.

Thisrelationship between agriculturalproduction and ecologicalintegrity is fundamentalto
the conceptof provisioningecosystemservices.In the three project areast PrespaNorthern
Pindos,and RodopiMountainranget local productionincludesitems closelytied to the natural
landscapeandits resources:traditional cheesesand dairy products from smallscalelivestock
farms, honey from mountainapiaries high-quality pulsesandbeans(especiallyin Prespa)fruits,
walnuts,chestnuts, and aromatic and medicinal plants. All these are products derived from
ecologicallyaluable landscapesyhichcant andshouldt be utilizedin waysthat supportboth
ongoingproduction andbiodiversityconservation.

In this context, the Bear Friendlylabel functioned not only as a certification but alsoas a
broadersealof quality,boostingthe confidenceof both consumersandproducersinthe LIN2 R dzO (i Q &
value.As notedduringthe focusgroup,the f I 0 iBtfoddétion sparkedincreased publiinterest,
especiallyat trade fairs,where consumerspecificallysoughtout labeledproducts. Thisselectivity
improvedproductvisibility and generateddemand,creaing incentivesfor continuedor expanded
production.



In the samespirit, severalparticipantsemphasizedhat the labelgaveproducersa newwayto
communicatethe identity of their productt not only in commercialterms but alsoin terms of
environmentalethicsand local pride. In Prespawhere there had beenno previousbearrelated
program,the label introduced a new thematic axis connectingproducer,place,and ecosystem.
Some producers even adopted the bear as a symbol on their products, indicating that
environmentalvalueswere internalizednot just as brandingtools but as part of the identity of
their production.

Beyonddemand,the label also strengthenedsupply:for a productto bear the BearFriendly
label,it mustmeet specificcriteriaensuringcompatibilitywith speciesconservationThisincludes
adopting practiceswith low disturbanceto the natural environment, avoiding substancesor
methodsharmful to wildlife, and usingtechniquesthat promote coexistencewith wild fauna.As
a result, the label acts asa driver for improvingthe environmentalperformanceof production
units, gradually steering them toward more sustainableuse of natural resourcest without
depletingor degradinghem.

Indirectly, Action C10 also functioned as a tool to counter rural abandonment.As some
participantsnoted, in areaslike Pindos localcommunities tendo be cautiousor evendistrustful
of new organizationaproposalssuchascooperativesHowever the BearFriendlylabeloffereda
more & Y S dzardJekikle model of collaborationthat did not trigger resistance Ratherthan
relying on institutional or administrative reform, it was based on individual adoption of
environmentally compatible practicesand collective promotion of local identity. This model
appearedmore feasiblein areaswith weak institutional frameworksand limited trust among
producers. Thus, the action indirectly supported rural entrepreneurship without requiring
structural changeso the agriculturalsector.

In addition, the symbolicvalue of the label had the potential to transform an old conflict
between agriculture and wildlife T into a commercialadvantage Frombeinga & LINR 6férS Y ¢
production, the 6 S I pi&éncebecamea & NB & 2 ttizBu8edl value to local goods. This
reversalperfectly encapsulateshe logicof provisioningecosystenservicesan ecosystemwhen
protectedandwell-managed canprovidenot only biomassor food but goodsembeddedin social
andcultural meaning.

At the sametime, severalparticipantsemphasizedhe needto adapt suchinitiativesto the
specificfeaturesof eacharea.ln Prespafor exampleJocalinterestwasnotedin utilizingfruit trees
planted aspart of the project. Althoughthis interestis not directly linkedto the label, it reveals
the potential for productive use o&cologicainterventionsthat, if properly organizedcouldlend
new functionalityto actionsthat originallyhada purely environmentalfocus.

Finally,althoughmost speakersoted that it is still too earlyto clearlyevaluatethe economic
impactof the label, the widespreadagreementthat @ & 2 Y S i$ KA @ Awaddlling. TheBear
Friendlylabel servedasa tool of communication,identity, and strategicdifferentiation for local
products,andpavedthe wayfor the reactivationof provisioningecosystenserviceghat hadbeen
in decline. If leveragedwith continuity and supported by complementarymeasures(such as
marketlinkagesandtechnicalassistancdor producers);t couldbecomea durablemechanisnfor
strengthening sustainable productiongensitive mountainouszgions.



ActionsC7and C8

Within the CICESIassification,provisioningservicesinclude the production of food, raw
materials,and geneticresourcest that is, anyform of natural goodthat canbe extractedfrom
an ecosystenfor humanuse. Strengtheninghese servicesequiresnot only the preservationof
S 02 a & Ppriddhifive Gapacitybut also the protection of agricultural activity from external
pressures suchasdamagecausedby largecarnivores.

It ispreciselyin thisdomainthat ActionsC7(Electrid=encingand C8(LivestoclGuardingdogs)
are situated, functioningasmechanismgor safeguardingagriculturalproductionin areasof high
ecological’alue,wherethe presenceof the brownbearissignificant.Theimplementationof these
actionshad a positiveimpactnot only in termsof preverting damagesut alsoin reinforcingthe
resilienceof food production systems,increasingLIN2 R dzOrSideRce,and revitalizinglocal
productive activityt all of whichare directlylinkedto provisioningecosystenservices.

Action C7¢ Electic Fenchg: Preveriing Damagesand Safegiard in g Prodwctive Cgacity

The installation of electric fencesservedas a direct and targeted measurefor protecting
agricultural production, particularly for crops frequently targeted by bears, such as beehives,
vegetableplots, andfruit trees. Asthe representativeof Northern PindosNationalParkpointed
out during the focus group, the absenceof suchmeasurespracticallyresultsin the complete
collapseof honeyproductionin areaswith frequent brown bearpresenceln regionslike Pindos,
wherebearsoften appearat lower altitudesand comeinto direct contactwith cultivatedland,the
use ofelectricfences isa prerequisitefor maintainingproductiveadivity.

In other words, electric fencingR 2 S JugtQpiiotect the product T it protects the very
existenceof productionitself. If abeekeepeior growerlosestheir entire productionin oneseason,
it ishighlylikelytheywill abandonthe activityaltogetherthe next.Inthis light, ActionC7indirectly
but critically reinforcesthe ecosystenserviceof continuousand sustainableproduction derived
from the localecosystem.

Although,as discussedglectric fencingwasnot a new measurein all areas(there wasprior
experience,e.g., in Pindosand Rodopi),the expansionand standardizationof its application
through the project contributed to broader acceptanceand recognition of the method as an
effedive preventiontool. It wasnoted that if the actionhad beenimplementedmore extensively
in PrespaNationalParkt whereclimaticchallengesinderedthe implementationof ActionC7t
it would likely havehada muchgreaterimpactthere aswell. Thishighlightsthe needfor ongoing
monitoring to fully understandthe adiz y Qaddtribution to the maintenanceof provisioning
services.

Action CB ¢ Livestock Guading Dogs Redicing Losses Srengthening Trust and Locd
Dynamics

The provisiorof speciallytrained livestockguarding dog¢$LGDs)hrough Action C8wasone of

the LINR 2 B8dstéaRiallyintegratedand longterm interventions.

This practice not only contributed to the immediate reduction of livestock lossesdue to
predator attacksbut also enhancedboth the psychologicahnd operationalsecurityof livestock



farmers. Asnoted in the focusgroup,the actionenjoyedd @ Stkobgk O O S Li{eveyheydrid ¢
the original LIFEARCPRONMplementation zones,as & R 2 flb@ well-managed¥ f 2 @éra é
transferredto newareaswhere bearrelated problemsemerged(e.g.,Chalkidiki).

The contributionto provisioningecosystenserviceshereistwofold: on the one hand,the loss
of animalst andthereforefood 1 isavoided;on the other, livestockfarmerscontinueoperating
in mountainousareasthey might otherwise abandon.Especiallyn Greece where mountainous
and semimountainous livestock farming is a critical source of local dairy production, the
continuation of this activity in high ecologicalvalue ecosystemss of strategicimportance.The
observation that & f A @ Sfarmie2sCale continuingon their 2 ¢ y A< reported by the
representative of the University of Thessaly,indicates the development of endogenous
momentumt a selfsustainingorocesshat may continue beyondhe life of the program.Thisis
crucial for the longterm preservationof ecosystemservices,which require constant human
presence and active management.

4.2.2.2. Regulatingand SupportingEcosystenServices

Accordingto the CICES8lassificationRegulatingand Supportingecosystenservicesnclude all
those ecosystemfunctionsthat contribute to maintainingecologicalbalance,regulatingnatural
processes,and supportingbiotic systemsthrough the preservation of habitat structure and
function. This category encompassesessential functions such as biodiversity conservation,
population regulation, disturbanceprevention, and the stabilizationof natural and seminatural
processeshat ensurethe longterm viabilityof natural systems.

The protection of the brown bear (Ursus arctos), an emblematic megafaunaspeciesof
Europeanwildlife, representsa core regulatingand supportingservice,as the speciesis closely
associatedwith healthy, undisturbed ecosystemsof high ecological value. The successful
coexistenceof humansandbearsrequires functional habitats;onflict prevention, suppressioof
illegalactivities(suchasthe useof poisonedbaits),and managementpracticesthat preservethe
biologicalstability of the area.In this context, ActionsC3,C4,C5,C7,and C8of the LIFEARCPROM
project playeda significantrole as mechanismdor enhancingthe ecologicakegulatorycapacity
of the three NationalParksnvolvedin the project.

Althoughallfocusgroupparticipantsemphasizedhat the directand quantitativelymeasurable
impact of these actionson ecosystermfunctionscannotyet be assessedt this stage,there was
broad consensushat the foundationslaid are critical forstrengtheningregulatory servicef the
future.

One of the most crucial interventions wasAction C3,which included the operation of the
PoisonBait DetectionTeamsand the distribution of anti-poisonkits to targetedgroups.Theuse
of poisonedbaitsis among themost severethreatsto the brown bearandto manyother species
within the food chain.Earlydetection of suchincidentsthrough speciallytrained dogs(ADUs)s a
critical measure for regulating humartinduced mortality in the ecosystem.This action was
describedasd i mé&tS a & S Wyliohdstardingstaff involvedin the managemenbof N. Pindos
NationalPark.It wasobservedthat ADUshaveshownhigh effectivenessn preventingpoisoning
incidentsand havenow beenfully integratedinto the monitoring and managemenimechanisms
of the NECCA agenayontributing significantlyo bearconservation angmprovingthe ecological
integrity of their habitats. Despitestaff shortagesand challengesn continuoussurveillancethe



prevention of poisoningsis a prerequisitefor ecologicalstability, asit reducesmortality of apex
predatorsand maintainsintact food webs.

ActionC4,concerningKarelianBearDogswasalso consideredhighlysuccessfuin termsof its
regulatoryrole in the ecosystemDespiteimplementation challengesmany participantsnoted
that this pilot initiative exceededexpectationsn terms of effectivenessunderdifficult conditions.
KarelianBearDogsare specializedn chasingbearsawayfrom humansettlementsand canplay a
crucial role in controlling humargwildlife interactions, which are amongthe main causesof
negativeattitudes andretaliatory actionsagainstbears.Indirectly,this action supportgegulatory
servicesby reducingconflicts, prevertingd LINR 6 f $ear hieadot, and maintainingthe
ecologicapresenceof the speciesvhile minimizinghumaninteraction.

Closellinkedto the above,Action C5supportedthe establishmentof BearEmergencyleams
(BETs)taskedwith managingcrisesand conflictsin casesof bearpresencenearresidentialareas
or hightriskzones Theswift and effedive responseof suchteamsreduceshe riskof harmto both
humansand bearsand actsas a regulatoryfilter betweenthe ecosystemand human activities.
Technicamanagemenf bearencountersallowsfor defusingthe issuewithout lethal outcomes,
thus preservingboth ecologicalstability and social acceptanceof the 6 S | pd3eéncein the
landscape.

While electricfences(ActionC7)are directlyrelatedto produdion (andtherefore provisioning
services) they also have a strong ecologicalregulatory function. By reducing bear accessto
agriculturalareas they preventthe developmentof negativelearnedbehaviorsamongbears(e.g.,
dumpsterforagingor habituationto human presence) which often lead to fatal interventions.
Moreover, the reduced need for human retaliation or illegal activities is an indirect but vital
regulatory mechanismthat ensuresthe ecosystemis not weakenedby aggressiveexternal
pressuresin regionslike Prespajocal communitiesseemedto appreciatethe measure,despite
its delayedimplementationdue to seasonakonstraints.Thishighlightsthat suchinterventions,
evenwhen facingdifficulties, help build trust and enhancethe resilienceof the socicecological
system.

Lastly Action C8, which involved LivestockGuardingDogs (LGDs)may have had the most
immediate effect on maintaining the natural coexistencebetween produdive activities and
wildlife. Theability of a herdto remainon the fringesof bearhabitat without facingdaily threats
is a key regulatoryelementfor sustainingsystembalance.LGDsservenot only asdeterrentsbut
alsoasintermediariesbetween humansand wildlife, makinginteractionsmore sustainableand
lessviolent. As noted, the action enjoyed strong acceptanceand its continuation beyondthe
project frameworksuggestsystemidntegration.

Overall, the LINR 2 &ctibiasvithin this categorydid not produce measurableecological
outcomesduringthe LINE 2 I8ethie @ 2a fact acknowledgedy the participants.However,it is
clear that foundationswere laid for the regulation and maintenanceof ecologicalprocesses,
whether through reducing species mortality, preserving habitat fundionality, or stabilizing
humargnature relations. Theseservicesdue to their longterm and cumulativenature, require
time andconsistencyo bearfruit, but theirimportancefor maintainingthe brownbearecosystem
andbroaderbiodiversityremainsfundamental.



4.2.2.3. CulturalEcosystenServices

Accordingto the CICESlassification,cultural ecosystemservicesrefer to the non-material
benefits that people derive from ecosystems,such as the symbolic, spiritual, aesthetic,
educational,and socialvaluesassociatedwvith nature. Within the LIFEARCPRONMroject, these
servicesvere mainly highlightedthroughactionsthat promoted participation,education,andthe
symbolicreintegrationof the bearinto the culturallandscapeof local communitiesHumargbear
coexistenceacquirednew forms of meaning,becomingnot only a managementgoal but alsoa
vehicle forsocialidentity, pride, andenvironmentalawareness.

Oneof the most significantcultural ecosystenserviceghat emergedthrough LIFEARCPROM
was the enhancementof participation, consultation,and education,not only for the involved
stakeholdersbut also for the local communities. Thisenhancementwas not limited to the
provision of information or the simple transfer of knowledge,but created new channelsof
interactionwith the naturalenvironmentandintroduceda new culturalframeworkof coexistence
with wildlife. ActionsC1,C2,and E1 servedas springboardsfor redefining societycbiodiversity
relations and contributed to fosteringa model that is more complex,participatory, and rich in
symbolicandsocialvalue.

ActionC1 whichfocusedon consultationswith localactors,laid the foundationfor the creation
of new frameworksof trust anddialogue.Theestablishmenbf LocalCoexistencélaformsin the
LINE 2 <Silfddgionavas perceivedby participants notasa typical bureaucratigprocedure butas
a meaningfultool for socialempowerment.As a representativeof Callistoemphasizedg kaw
alliest new alliesof Callistotheret not just our old 2 y* S Bighlightingthat human presencein
the field is a prerequisite for any managementstrategy. This gradual shift from suspicionto
cooperationshowsthat the cultural serviceof dialogical interactioris not anabstractconceptbut
atangibleoutcomeof participatory methodologies.

ActionC2 throughtrainingseminarsandworkshopswasnot only a mechanisnfor knowledge
transfer but also a tool for cultural transformation. The active involvement of universities
(University of Thessaly,University of Western Macedonia)and environmental organizations
(Callisto, WWF) provided continuity guarantees,creating a shared body of knowledge that
transcendghe temporaland geographicaboundariesof the project. Indicativeof this educational
dimensionwas the element of reciprocallearning, as participants pointed out that even the
trainers & ¢ S BRI A tir8uBre daily engagementwith the local community. This type of
experientiallearningreinforcedthe cultural serviceof identification with collectivevaluesand a
communityof practice thatrespectdield needs.

Theculturalsignificancef the actionswasfurther strengthenedoy ActionE1,whichpresented
the bearnot only asa protectedspeciesut alsoasasymbol.Thed . SO NW S HRIgehearated
interest and positive recognition not only at scientificconferencesbut also at the local level.
Producerghemselvesbeganto perceivethe integration of the bearinto their productsnot asa
decorative element but as a mark of cultural added value, thus enhancingthe ¢ &8 Yo 2t A O
2 ¢y S N&f Ea dp#Eciesby the local community. Thiscultural shitt from the bear asa threat
to the bear asan ambassadoiwof ecosystemhealtht is fully alignedwith the CICE®ategoryof
& { LIA Nymbatihntl &her interactionswith biotaandS O2 4@ 4 1 Sy a ®¢



However,the LINR 2 &ctibiis@lso revealedthe prerequisitesfor making this relationship
sustainableWithout parallelmanagementf fear and conflict, especiallyregardingthe presence
of largecarnivorescoexistencaemainsprecarious.Thecreationof the first bearrepulsionunit in
KozaniActionC4) the operation ofrapid responseteams,andthe implementationof preventive
measureqActionsC5and D5) constitute cultural servicesnot only in terms of safetybut also of
socialtrustt an essentialcondition for any longterm managementapproach.As the Callisto
representativenoted, & 2 A (i EnButlirigsafetyfor the residents.coexistencébecomes extremely
difiodzt G ¢

Anotherimportant cultural dimensionthat emerged waghe connectionof citizeng whether
ordinary residents or involved professionals with knowledge and science. Even small
interactions,suchassamplecollectionor aNJ Yy vBittdXke field, servedasopportunitiesfor
questionsto arise,discussiongo begin,and for the senseto developthat & & 2 Y S iimgoktaftd
is happeningK S NJBhis &ense of participation and scientific synergy, even without formal
representation,is a cultural servicewith a strong element of & O 2tideyf ALILINE LINAthel A 2 v €
landscape.

Moreover, conservationdoes not only concern animals and plants, but also people. A
managemensystemlimited to forestersandbiologistsoverlooksthe socialdynamicsandcultural
transformationsof the implementationareas.Theneedto incorporateenvironmentalsociologists
andanthropologistgnto conservatioractionsis urgentif we want to designpoliciesthat recognize
local particularities as a positive assetrather than an obstacle,as one Callistorepresentative
emphasized.

Finally, the cultural dimensionof economicdiversificationshould not be underestimated.
Coexistenceavith wildlife is a comparativeadvantagefor areasthat cannot compete with mass
tourism practices Promotingthe bearasa carrierof addedvalue,integratingit into localproduct
standards,and graduallychangingthe collective attitude towards the speciesconstitute deep
culturalinvestments.Thisis not just a brandingtool but a shift in mindsets,narratives,and value
hierarchies.

Thecombinedeffect of ActionsC1,C2,C4,C5,C10,andEldemonstrateshat the culturalvalue
of the projectwasnot supplementanbut foundational. Throughparticipatorypractices symbolic
structures, interpersonal relationships, and collective learning, LIFEARCPROMhowed how
culturalintegrationis not only an outcomebut alsoa prerequisitefor the succes®f management
interventions. This dynamic shared understanding both embodied and symbolia constitutes
the most enduringcultural ecosystenservice:the reintegrationof nature managementnto the
culture of the peoplewho inhabitit.

4.2.3. Summaryassessmenof ecosysterrservices
At the final stageof the focusgroupdiscussionparticipantswere invited to respondto a brief
poll aimingto providea conciseoverviewof which categoryof ecosystenserviceshey believed
wasmostenhancedby the LIFEARCPROIdroject. Thequestionposed was:
& 2 K Agfo#p of ecosystemservicesdo you believe was mostfavoured by the LIN2 2 SOl Qa
I OGA2yaKé
1. Participantscouldchooseamongdfive alternativeanswers:



Provisioninde.g.production ofgoodsfrom ecosystems)
Cultural(e.g.supportfor recreation)
Supporting/Regulatin¢e.g.improvement ofhabitats)
Allof the above
6. None
Theresultsof the poll are presentedin Figurel andare further discussedelowin light of the
LJ- NI A @dntriliutiorisa Q

s

Provisioning

Cultural

Regulating

All of the above

None

0 0,1 0,2 0,3 0,4
Figurel. Whichgroupof ecosystenserviceslo youbelievewas mostfavouredby the

LINE 2d8tionsT a

The distribution of responsesdn the poll clearlyreflects the multifacetedimpact of the LIFE
ARCPROIdrojecton ecosystenservicesn the intervertion areas. Tworesponseoptionsreceived
the highestpercentage wS 3 dzf | (i A y 3 (3a%)dngdil! Sfyite\alid s |j dzl (8300p ¢
followed byd / dzf widaN22%<andd t N2 @A with 2 Y1%.y Moé participantsselected
& b 2 ywhiehkconfirmsthe generallypositive assessmenbf the project'secologicaland social
contribution.

Thevotesfor the regulating/maintenanceserviceswvere justified by severalparticipantsbased
onthe role of the bearasan umbrellaspeciesAsone participant noted,& 2 K @gfry to protect
the bear, we automatically improve other ecosystemfunciz y askheée the speciesis both
ecologicallydemanding and highly sensitive. The LINR 2 SoSitiv@cbntribution to habitat
enhancement(through actions such as electric fencing, ADUs,and conflict reduction) was
consideredcrucialfor broaderecologicabalance particularlyin areaswhere thepresence othe
bearremainsstablebut underpressure.
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The optiona ! df the aboveS |j dzi apdedrsto reflectthe LI NIi A GQwakshegstiad riany
of the project'sactionshad crosssectoralimpacts,simultaneouslystrengtheningmultiple types
of ecosystemservices.For example,Action C100n Bear Friendly products was cited as linking
provisioning services(production) with the cultural identity of the area, along with indirect
regulating benefits. The participation of local producersin the program was accompaniedby
expectationof economicbenefit,andthe reinforcementof entrepreneurshign mountainousand
disadvantagedegionswasviewedasa social counterweighto the broaderdepopulationof rural
areas.

Culturalserviceswhich received22%of responseswere associatechot only with emerging
ecotourismbut alsowith the folkloric and historicalmemory of the bear asan elementof rural
identity. As one participant stated, & (i Kear neverreallyf S #hé gark areas,and the project
contributedto preservingand highlighting thiscultural continuity throughawarenessampaigns,
signage, antbcalempowerment initiatives.

4.2.4. Continuationof Actionsand FutureSteps

Thediscussioron the sustainabilityof LIFE w/ t w haiddsafter the LINE 2 @®pletiba
highlightedseveralcritical issues poth regardingthe preservationof ecologicabenefitsand the
continuedengagement ofocalcommunities.

Certainactionsappearto havestrongcontinuity potential. All interventionsinvolvingdogst
whether Anti-poisonDetectionUnits (C3),beardeterrent dogs,or poisonedbait detectiondogs
T were deemedhighly successfulyith provenoperationalimpact and high demandfrom local
communitiesfor continuation. Similarly the electricfencingactionwas effectivelyimplemented,
despitechallengedn distribution and local adaptation,and was consideredextremely useful by
producers.Action C10also demonstratedcomparablemomentum, being directly linked to local
productionandpotentiallyexpandableasa certification scheme.

Action C7, involvingbearproof wastebins, receiveda more mixed evaluation. While its
effectivenessas a deterrent for bear@ presencein settlements was acknowledged,serious
shortcomingsn implementationwere noted. Lackof coordinationwith municipalitiesjnsufficient
information sharingwith responsibleservicesand absenceof participatoryplanningled to poor
placementandunderuseof the binsby the localpopulation.Themeasureis consideredpromising,
but its sustainabilitydependson genuinecollaborationwith localauthorities.

The longterm viability of severalactionswasfound to hinge on the operationalcapacityof
managementbodiesand the existenceof a stableintervention mechanismWithout this T as
seen in the more fragmented implementations of Actions C4 and C5 1 trust cannot be
establishedandthe acceptanceof the bearaspart of the landscapeemainsfragile.

The need to strengthenthe role of social sciencesin the designand implementation of
conservationactions was also underscored.Engaginglocal communities cannot be achieved
through surveysand formal briefingsalone, but requires meaningfuldialogue, reciprocity, and
consistentfield presence.Actionswith clear operationalimpact and tangible benefits for local
populationshave a much greater chanceof being sustained.In contrast, technicallycomplexor
low-visibility actionsrisk beingabandonedunlessthey are integratedinto robustinstitutionsand
permanentmechanisms.



4.3. Resultsfrom the ImplementationAreasin Italy

(Maiella National Park)

Thissectionpresentsthe resultsof the in-depthinterviewwith GiovannaDi Domenicowildlife
biologistandrepresentativeof MaiellaNationalPark.and AntonioPollutri,representativeof WWF
Italia, both of whom were activelyinvolvedin the implementationof the LIFEARCPROMTroject
actionsin Italy. Dueto time constraints the WWFltaliarepresentativerespondedo the interview
guestionsin writing. Theassessmenfocuseson the impactof the actionson ecosystenservices,
based orthe MAESrameworkandthe CICES classification.

4.3.1. EcosystenterviceslhatWere Enhanced

4.3.1.1. ProvisioningEcosystenstervices

Theimplementationof the LIFEARCPROIrojectactionsin MaiellaNationalParksignificantly
enhancedprovisioningecosystemservices primarily through the creationand consolidationof
the & . SCG N S JAHeI whiéh was developedto improve coexistencebetween humansand
bears.However this labelacquireda broaderenvironmentaland economic dimension,evolving
into amore comprehensiveframework for supporting sustainablelocal productsandpractices
relatedto ecosystem enhancementheimportanceof theseactionswas also emphasizedby a
representative of WWF ltalia, who noted that the safe presenceand establishmenifthe
bearin the areaisakeyfactorinimprovingthe overallquality of the natural environmentandthe
local agroforestrynosaic.

Initially, the label was awardedto producersand beekeeperswho actively participated in
damagepreventionactionsagainstbears,particularlythrough the installation of electricfences.
However,the label soon becamea certification of environmentalresponsibility,expandingthe
eligibility criteriato includeproducerswho, evenif not in direct contactwith bears,contributed
indirectlyto their survivalby preservingnatural habitatsandlocal biodiversity.

Themaincriteria included:

1. Useof localseedsandvarieties (especiallin fruit and cereal cultivation).

2. Adoptionof organicor nearorganicfarming,with minimalchemicalinputs.
3. Smaliscale operationgypicallyfamily-run.

4. Preservatiorof traditional productionpractices.

5. In somecasesmaintenanceof plant specieghat serveasbearfood sources.

Thecaseof beekeepingsillustrative: in order to receivethe label,a beekeeperhadto breed
the local Apismelliferaligusticanoneybee thereby protectingthe geneticpurity and adaptability
of the strainto the Maiellaarea.Additionally,they hadto limit or eliminatethe useof antibiotics
and apply organicmethodsto control parasites.The introduction of the bearfriendly label also
had direct economicbenefits: it increasedthe sellingvalue of the productsand boosted their
demandamongtouristsandlocal markets.

Inasecondphase the labelbeganattractingprofessional®utsidethe agriculturalsector,such
as bakers, restaurantowners, and small agritourism businessesThisled to the creation of a
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G 02 YYdof LINE O linAvihishéparticipants shared knowledge, adopted environmental
standards, and took part in joint promotional activities. Although the label had clear
environmental criteriajts successvasnot dueto strict enforcementbut to the sensethat it was
G 0 K $ A IElthat reflecteda sharedlocalidentity.

The combination of these practicesincreasedthe | NB $uSainableproductive capacity,
ensuringnot only high-quality products but also a stable and adaptableagroecologicamodel
capable otoexistingwith alargemammal likethe bear.

4.3.1.2. Regulatingand SupportingEcosystenServices

LIFEARCPRONN Maiella also significantlyenhancedregulatingand supporting ecosystem
servicesprimarily through the broader adoption of environmentallyfriendly farming and land
managemenpractices TheLINE 2 &tDiisl@dtto a reconsideratiorof how localproducersand
professionalselate totheir natural environment.

The gradual integration of farmerswho adoptedorganicand traditional techniques had
positive dfectson soilquality, the preservationof field structure,andthe enhancemenbf insect
populations, whictplaya crucialrole in pollination andthe 6 S | fid® éhain. Thefact that many
of these activitieswere not directly linkedto conflict preventionbut had a longterm ecological
characterdemonstratesi K S LINI@eirSl@iicéva localenvironmental culture.

Moreover,the presenceof rapid intervention teams(similarto the GreekO.A.Punits) played
a decisiverole not only in preventingincidentsbut alsoin strengtheningecosystenresilience.
Throughdirect responseto casesof damage trapping, or bear presencein inhabited areas,the
followingwere achieved:

1. Limitation ofdisturbances tdhe 6 S I ndfralcycle,

2. Avoidance oadministrativeor lethal measuresagainstthe animals,

3. Restorationof NB & A Réafidnshi@with the natural landscapeas something
manageablendsafe.

Finally the projectincludedenvironmentalmanagementctionssuchasthe useof plasticfree
materials, recyclablpaper,andgreenpublic procurementfor everycommunicationactivity. The
valueof these practiceswasnot merely symbolic;asthe biologistnoted, they alsofunctionedas
tools for environmental education and for systematizinga & 3 NJrfindset within public
administration.However,the WWFltalia representativenoted that, althoughfarming practices
improved, observableimprovementsin indicators such as soil or water quality were not yet
immediatelyevidentduringli K S LIN@plerGeOrditiona

4.3.1.3. CulturalEcosystenServices

The most tangible and immediate impact of the LIFEARCPRONproject in Maiella was on
cultural ecosystemservices.As noted by the LI NAjiogist, the project & R RaRonly reach
producersbut the entire O 2 Y'Y dzysivaingthEréngthe cultural relationshipwith the bearasa
symbolof the regionratherthan asathreat.

Thed . Sd¢ NN atliemnatic path designedand implementedin collaborationwith the local
municipality,was one of the most successfuinterventions. Thetrail, which passeghrough the



village and includesinterpretation points, educationalpanels,and resting stations, servedas a
cultural link between residents,visitors, and the natural environment. Due to its successthe
municipalitydecidedto fund the creationof two additionaltrails usingits own resourcesthereby
expandingl K S LINBt@#babdeduaational impact.

Inadditionto the BearTrail,eventswere organizedsuchas:

1. Mountain festivalenteredaroundthe bearandcoexistence,

2. Excursionsvith specialiccommodationgor peoplewith disabilities,
3. Workshopdor children andschools,

4. Creation oymbolicproducts,suchasbearthemed icecream.

These actions were not tourist-oriented in the traditional sense;instead,they aimedto
cultivate an experientialrelationshipwith the landscapeTheo S | p¥d@ecebecameanintegral
part of the collectivecultural narrative: & ! figst we had to convincepeoplethat the bearg | & y Q (i
dangeroust inthe end,we hadto explainA (i ¢ ILaSylikElhtelvieweeremarked.

Thissuccessvasalsoreflectedin the receptionof the BearFriendlylabelin the tourism sector.
Originally designedfor producers,the label began to be soughtafter by mountain guides,
ecotourismagenciesand accommodatiorowners. Touristsshowedinterest in experienceswith
and | dzil K SaySil ahdiséal professionalsealizedthat environmentalcertificationfunctions
asacompetitiveadvantage.

The integration of products, trails, and activities under the Bear Friendlylabel allowed the
creationofand S O 2 (i 2 &NE@Ergoncould buy a local product bearingthe label, walk the
BearTrail,take part in an awarenesgaisingeventin the villagesquare,and stayin bearfriendly
accommodation.

Aboveall, however,the most important contribution wasthe cultural transformationof the
residents:from fear and hostility toward the bear,to a mature, realistic,andemotionallypositive
model of coexistence.The project achievedthis not through coercion,but through synergies,
dialogue, consistent on-the-ground presence, and genuine respect for the needs of local
communities.

4.3.2. Continuationof Actionsand FutureSteps

The interviewee emphaticallystressedthat the continuation and expansionof the actions
implementedunder LIFEARCPROMre alreadya priority for the ManagementBody of Maiella
National Park. Certaiimterventionst suchasthe electricfencesfor damagepreventiont have
beenestablishedaspermanentpracticesandare applied onaregularbasis regardlesof funding
availability.As she noted, & ¢ Sow have somefencesthat are stable ¢ we go there everyyear,
we cleanandwe check them, andi K S @dwiNatofthef | Yy R& OF LIS v ¢

Regardingthe Bear Friendly label, the Park has already designedthe next phase of the
certification processaimingto strengthenits role asan institutional tool for rural development
andfor integratingenvironmentalcriteriainto sectorsbeyondproductiont suchasfood service,
tourism, and education. At the sametime, collaborationwith WWF Italia and other protected
areasin Italy isexpectedto continue,with the goalof creatinganationald dzY 6 NBR&rFriénély
network.

Hforts are also underway to continue operating the thematic trails and environmental



awarenessactivities by leveraginglocal resourcesand incorporating them into new funding
frameworks. Furthermore, the need was emphasizedor continued involvement of regional
economicactorst suchasproducersandtourismbusinesses inorderto maintainthe positive
attitude of coexistencewith the bear and to reinforce local commitment to conservation
practices.

Finally, the importance of transferring good practicesto other parksin the country was
mentioned,especiallyin areaswhere the socialconditionsand cultural context are similar, with
the ultimate goalof gradually expanding K S LINipacth&yanaiella



5. CONCLUSIOMSIDOVERALASSESSMENT

Theimplementationof the LIFEARCPROMTrojectin Greeceand Italy offered a valuablefield
laboratory for brown bear conservation, humargwildlife conflict management, and the
enhancementof ecosystemservices.Although national specificitiesshapeddifferent strategies
and targetedinterventions,the comparativeassessmenof the resultsrevealscommonpillarsof
successcommunityengagemengandthe recognitionof the bearasa componentof localidentity.
Humargbearconflictwasnot treated solelyasa problemto be solved butalsoasa starting point
for a deepettransformation inhow localcommunitiesrelateto nature and wildlife.

In Greecethe project succeededin deployinga network of actions that operatedboth
preventively andsymbolicallyto integratethe speciesnto the landscapeKeyinterventionssuch
asADUSC3),RapidResponsd eamqC5),livestockguardingdogs(C8),electricfencing(C7),and
the BearFriendlylabel (C10)had measurablémpactsacrossegulating,provisioning and cultural
ecosystenservices.

Thecaseof Maiellain Italy reflectsa more mature integrationof humarngbearcoexistencento
the localdevelopmentmodel. Thedevelopmentof the BearFriendlylabeltranscendedts original
role asan agriculturalcertification and evolvedinto a lever for cultural changeand community
mobilization. Initiatives like the & . S¢& WD théd exgansionof certification criteria, and the
involvementof professionaldbeyondthe agriculturalsector (tourism, food serviceseducation)
offer bestpracticeghat t asnotedby a participantin the Greekfocusgroupt canbetransferred
and adaptedo implementationstrategiesn Greece.

Thecommonthreadin both countrieswasa cultural shift: from the bearasa sourceof conflict
to the bear as a catalyst for reimagining relationships between people, nature, and local
development. The interventions were not merely managementtools but transformative
instruments: they forged new narratives, activated social capital, and demonstrated that
coexistence ipossiblewhenit isgroundednot onlyin speciesiologybut in human culture.

From the perspective of ecosystem services, it is evident that the most substantial
improvementsoccurredin the regulatingand cultural categories.Preventiveinterventions (C3,
C5, C7, C8) maintained habitat functionality, reduced the need for aggressiveecosystem
interventions, and enhanced longterm ecological stability. Simultaneously,the cultural
integrationof the beart throughthe label,the BearTrail,andcommunityworkshopst created
strong symbolidondsbetweenlocal populationg&ndtheir environment.

Provisioningserviceswere more prominently enhancedin Greecethrough the activation of
local production linked to the BearFriendlylabel, despite being perceivedas lower priority by
focusgroup participants.Thismay be due to the indirect andtemporally delayednature of such
benefits. However,the Maiella experienceshowsthat, with systematicsupport and broadened
eligibility criteria, suchcertificationtools canevolveinto robustinstitutions of localdevelopment.
The sustainabilityof the interventions remainsa critical point. In Italy, the institutional
integration of Bear Friendlyas & LJ-oNthe f | y R & &ntl théSséltfinanced continuation of
electricfencesconstitutegoodpracticesIn Greece someinterventionst particularlythosewith
atangibleoperationalbenefit for residents,suchasguarddogsor fencest appearmore likelyto
be sustained Others(suchas waste bin managemenbr the integration of socialsciences)yshow
more limited sustainabilityand require restructuringand strongerinstitutional support.

Ultimately,the project'smostvital messages not abouttechnicalfixesbut aboutthe strategic



transformationof relationships Humargbear conflict is not a problemto eliminate but a trigger
for redefining socialproductive,and cultural structuresThe bealiis neither a domesticpet nor a
threat to be eradicated.lIt is a wild speciesof high ecologicalvalue, whose coexistencewith
humansrequiresrealistic, scientificallygroundedmanagement.Bearsare ecosystemindicators
andt asthe Maiellaexperiencedemonstratest canbecomesymbolsof localpride.
Cooperationbetweentwo countriesthat share many ecologicaland cultural characteristics,
the exchangeof best practices,and the institutional consolidationof tools like the BearFriendly
label and Rapid ResponseTeamsrepresentimportant next steps. At the sametime, greater
involvement of social sciences, the strengtheningof dialogue institutions, and the ongoing

support T and especiallythe recognitiont of local community contributions are essential
movingforward.
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