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Abstract

The Balkan chamois (Rupicapra rupicapra balcanica) is an emblematic mountain ungulate and one
of the seven subspecies of the Northern chamois (R. rupicapra). Greece marks the southernmost
edge of its European distribution. Although national legislation protects the species and prohibits
hunting since 1969, the subspecies maintains an Inadequate-Bad conservation status. Poaching,
road development, and hunting of other game species drive the main threats, while livestock
competition, tourism, mining projects, genetic isolation, and climate change add further pressure.
Greece has approved an action plan for the species, but itis not yetimplemented.

To contribute to this plan and strengthen conservation efforts, this thesis examines key ecological
aspects of the Balkan chamois in Greece. It assessed seasonal range use and habitat selection in
two mountains that differ in climatic conditions (dry/wet), analyzed diel and seasonal activity
patterns, produced a national habitat suitability map, and quantified potential habitat loss and
fragmentation driven by climate change and renewable energy development. It also synthesized
current knowledge on home range and habitat selection for both Northern and Southern chamois.
On Mt. Olympus, we collected 1,182 chamois observations during four seasonal surveys in 2022
and 2023 and estimated population size. The annual range reached 103 km? The smallest range
occurred in autumn during the rut, followed by summer, and the largest in winter. The species
showed a Mediterranean range use pattern, which indicates that summer drought acts as the main
ecological stressor. The population numbered roughly 430 individuals and showed an increasing
trend, although fecundity remained low in 2022. Ecological Niche Factor Analysis (ENFA) revealed
that chamois selected areas close to hiking trails throughout the year, likely due to habituation to
hikers, and avoided mountain roads, which aligns with strategies that minimize poachingrisk. It also
selected rocky habitats and escape terrain, especially in spring and winter. These findings refine
approaches for identifying escape terrain and mapping suitable habitat and support management
measures that include road control, water provision in dry mountains, visitor regulation, anti-
poaching actions, and expansion of hunting-free areas.

On Mt. Oiti, we recorded 652 chamois occurrences in 2023 across a study area of 156 km?.
Seasonal ranges and core areas showed limited variation and strong spatial overlap, which
indicates minimal seasonal movement. Species Distribution Models identified 12.2 km? of suitable
habitat, and 28% of this area lay outside the Natura 2000 network. Chamois used forests in all
seasons and expanded their use of grasslands in summer and autumn. Human disturbance
variables exerted the strongest influence on habitat suitability. The species consistently avoided
areas near livestock pens, roads, and hunting grounds. Planned wind power stations would lead to
17% loss of the suitable habitat and would likely reduce the population’s range, while the impact of
proposed small hydroelectric units remains uncertain. These results highlight the need to restrict
infrastructure and road construction in suitable habitat, expand protected areas and wildlife
refuges, and regulate livestock pressure, all in line with the national action plan.

Although chamois are widely distributed across Europe and parts of Asia (ten subspecies), studies
on their distribution and habitat selection account for less than 10% of the literature on the genus,
and existing research disproportionately focuses on the Alpine chamois (R. r. rupicapra). We
explored the chamois home range patterns and habitat selection drivers, trends in methodological
data collection and analysis tools, and research gaps. We conducted a systematic search (PRISMA
guideline) and a meta-analysis of the peer-reviewed, English-language articles that reported
quantitative data on home range size or habitat selection, comprising 22 studies spanning 16 study
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areas. Knowledge stemmed mainly (68% of studies) from the Alpine subspecies. Seven subspecies
remain understudied (0-1 study each). Telemetry and field observations were the primary field
methods in home range and habitat selection studies, respectively. Annual individual home ranges
were small butvaried greatly (0.04-4.94 kmz), depending on sex (larger in males), dispersalbehavior
(Larger in migrating males), and season. Habitat selection analysis (24 factors tested; 452 cases)
revealed that topography (elevation, slope, escape terrain) and human disturbance (hunting,
infrastructure, hiking trails, livestock) influenced chamois habitat selection. Rocky, grassland and
forest habitat use were season-dependent, and snow-covered areas were generally avoided. We
highlight the need for further research on underrepresented and threatened subspecies, as well as
on the chamois' responses to human disturbance and climatic variables, to better inform
conservation management under global change.

We also performed the first assessment of the activity patterns of the Balkan chamois in Greece
using camera traps, with a focus on potential differences between forested and open habitats. We
deployed 49 camera traps across Pindos mountain range (2015-2020), targeting areas with high
chamois presence. Thirty-nine cameras yielded usable data (6,152 camera days). We quantified
Relative Abundance Index (RAl) and analyzed seasonal and diel activity patterns based on
independent photographic events. Chamois showed a high RAI (43), with daily activity ranging from
9:00 to 21:00 and a peak at 11:00. Chamois used both forested and open areas, but we found no
substantial differences in their activity patterns between the two. Nocturnal activity was generally
low but increased during autumn, coinciding with the rutting season. We recommend a systematic
camera trap deployment in future studies to evaluate activity overlap with sympatric species and
the effects of human disturbance on chamois behavior.
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Extevng MepiAnyn ota EAAnvikd/Extensive Greek Summary

Fevikn eloaywyn

To BaAkaviko ayploydo (Rupicapra rupicapra balcanica), elval uttoeidog tou Bopelou ayployidou
(R. rupicapra), kau aroteAel eid0¢ cUHBOAO Twv EMNVIKWY Bouvwy. To BaAkavikd ayployido Exel
Katavopr] oe 9 dladpopeTIKEG XWPEC TNG BaAkavikng xepoovrioou (EAAda, Kpoatia, Boovia kau
EpdeyoBivn, ZepBia, MaupoBouvio, Bopela Makedovia, KoocoBo, ANBavia, kat BouAyapia) kat
apBpel mepirou 9,000 dtopa cuvoAkd (Corlatti et al., 2022a). 2Ztnv EAMAda to TTANBUCULAKO

pEyeBog Kupaivetal petalyu 1,330-1,765 atdopwy og 30 dladopeTikoug AnBuopoLc (Papaioannou,
2021).

To Bopelo ayploydo epmepexetal otnv katnyopia Least Concern (LC) tng IUCN, evw to BoAKaviko
aypLoydo ephapBdvetal etutAcov ota Mapaptrpata ll kau IV g odnyiag 92/43 EOK kat oto
Mapaptnua Il Tng ZupBaong tg Bépvne. 2tnv EAGda katatdooetal oto Kokkwvo BiBAio twv
ATIEOUHEVWIV ZWWV WG 2Xed0V Arteloupevo (NT). Eival £i30¢ TIpooTaTtEUOHEVO KAl TO KUVIYL TOU
arntayopevetal (NA 86/69) oe 0An tn xwpd. H Kataoctaon Awatipnong otnv EMdada to 2019
a&loAoynbnke we Mn euvoikn (Unfavorable —Bad, U2) (Papaioannou, 2021).

H Baoikn arez yia 1o €idog otnv EAAda ival n AaBpobnpia. AMEeC onUAVTIKEG ATENEG elval N
dlavolgn Kat n xprjon odou JIKTUoU, N Ktnvotpodia o axéon He Tov TPOTIO Kal TNV €vtach
£EA0KNONC TNG UTIO CUYKEKPLUEVEG TIPOUTIODECELG, O KATAKEPUATIOUOC TNG EEATTAWONG KAl N
VEVETIKI AIOOVWIOH, N EVOXANGCHN aTto TO KUVAYL AAAWY E10WYV, OL TOUPLOTIKEG OPACTNPLOTNTEC KAl
TA OPEWVA OTIOP, N EEOPLEN OPUKTWV, KAl N KAWATIKY aAdrayry. Ot thnBucpol Tou ayploydou Tou
Bpiokovtal oTIC CUVOPLAKEC UWVEC HIE TIC YEITOVIKEG XWPEC TwV BaAkaviwv entnpeadovtal apvnTika
0E ONUAVTIKO BaBuo kal amod TapeUBACELG TIOU TIPOEPXOVTAL ATTO TG AMEC XWPEC Kal arod Thv
EMeWPn dlaKPATIKHG cuvEpPYaaiag yla t dlatrpnon tou eidoug (Papaioannou, 2021).

To £BVIKO OX£010 dPACNCYLATO £100C, TO OTIOI0 TIEPAALBAVEL HETPA DLATHPNCNC KALTIPOCTAGIAG TOU
£idoug, exel eykpOel xwpic Opweva gxel uhottolnBel akopn (Papaioannou, 2021).

H rtapoloa ddaktopikn dlatpPr eEETALEL TA TIPOTUTIA ETTOXIKIG OLACTIOPAC TOU aypLoyldou otnv
EMAda, Ta rpotutta dpactnploTTAC, TG TIPOTIUNOELG EVOLATNHATWY, TIC TUOAVEC ETITTWOELC TNC
KAUATIKAG aA\ayNC KAl TWV EYKATACTACEWY QVAVEWOIHWY TINYWV EVEPYELAG OTA KATAMNAQ
evolaTipata tou idoug, Kabwcg Kal pia clvodin g UTIAPXOUCAC ETILOTNHOVIKAG YWWOoNG yla tn
3LaCTIOPA KAL TIC TIPOTIHN CELG EVOLALTAHATOG TWV AyPLOYIBWV.

Emopévwc, n dlatpBn mepAapBavet:

To KedpaAaro 1, To OTI0i0 TIAPEXEL L GUVOTTTIKH YEVIKN TIEPLyPAd TOU £I50UC KAl TNC KATACTAONG
Tou otV EAMada.

To KedpaAawo 2, to otoio EETACEL TA EMOXIKA TIPOTUTIA SLACTIOPAC KAL TIPOTIHNONG EVOLALTHIATOC
oto'Opocg'OAupttoc.

To Keddawo 3, 10 otoio e€etddel Ta TOXIKA TIRATUTIA SLAOTIOPAC KAL TIPOTIHNONG EVOLALTAKATOC
oto Opog Oitn, kabwe Kal TG TOAVEG ETIUTTIWOELG TNC EYKATAOTAONCG AVAVEWOIHWY TINyWV
EVEPYELAC OTO KATAMNAO evdlaitnua tou idouc.

To KedaAaro 4, tapouctadel pia yevikr) clvoyn Tng UTIAPXOoUCAC YWWONG YLa TN SLaoTiopd KAl TG
TIPOTIUACELG EVOLALTHATOC TOU £i00UC, OE TIAYKOCHLO ETITEDO.

To KeddAawo 5, e€stdlel ta poTiBa cuptepidhopdc Twv ayployidwy otn BopesloduTtikr) EMAda pe
XPron Kapepwv-Ttayidwy, kabwg kat tnv Tudavn dladopd otn dpactnelotnta HETAl SACWHEVWY
KOl AVOLXTWV TIEPLOXUIV.
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TENoG, TTaPOUCIAZETAL Pla YEVIKT) cUvolin TwV eupnUATwWY TN dLATPIRHC KAl TIPOTEivovTal PHETPA
dlatrPNong oAAA KAL TIPOTACELG YA EKTETAMEVN HEAOVTIKI £PELVA TOU EIBOUG OTN XWPC.

Me6BodoAoyia

Meploxég peAétng

H meploxn peAétng tou Kegpahaiouv 2 adopd to ‘Opoc OAupttog (40°5'8"N, 22°21'31"E), pe €ktaon
248 km?. MepapBdavel To 86% tou EBvikol Mapkou OAUUTIOU, TOU TIPUWTOU £BVIKOV TIAPKOU GTNY
EMaAda, kalelvatieploxr) Natura 2000. Eivat pa opevi ieploxn pe uopetpo 297-2,918 . kat 84%
Gvw twv 1,000 p. To yewAoyIko LTIOoTPpWHA armoteAsital Kupiwe ard acBectoMBo (99%). H etrioa
Bpoxortwon sivat 841 xwoaotd, n Beppokpacia kupaivetal amo -13.5 °C €wg 33.8°C.

Hmeploxn peAéngtou Keparaiou 3adopdto'OpocgOitn (38°49'43"N 22°17'19"E). Exel éktaon 248
km? pe uopeTpo 92-2,152 p. (81% avw twv 1,000 L.). To yewWAOYIKO UTTOoTPWA aroteAsital
Kupiwg aro aoBeotoABo (60%) kat pAVoXN (32%). H eTrola Bpoxortwon eivat 854 XIMOGoTA, Kat
Beppokpacia KupaiveTal etaéy -16.4°C kat 33.7°C.

H ieploxr) peAetncyiato Kepdhawo 5 repirapBavet pepoc tne Bopelac Mivdou, pe ektaon 946 km?.
JTnvTtepLoxn uttdpxouv Ttevie eploxeg Natura 2000 kat t€ooepa Kataduyla Ayplag Zwnc (KAZ).

M£00odoLdetypatoAnyiag

>1ta Opn ‘OAuptog (Kedpararo 2) kat Oitn (KedpdAaro 3), tpaypatorolifnke Epeuva eSOV KAl TIC
TEOCOEPIC ETOXEC TOU E€Toug (Avolln: 27/4-3/5; kahokaipu 27/6-3/7; dBwonwpo: 22/9-28/9;
XeWwvag: 7/12-13/12), yia Tov eVIOTUOMO Auecwyv (aypoyda) kat EUuecwy (kompava, ixvn)
TIAPOUCLWY TOU €i80UG. Na TNV Epeuva XPNOOTIOW|CAHE TNAEOKOTILO KAL KIAALA VIO TOV EVIOTIOHO,
KaBwc Kal cuokeur GPS yia tnv kataypadn Twv mapouciwy. 2to ‘Opoc ‘OAuptog (2022-2023)
Tipaypatororjoape £EL dladOPETIKEC DLAdPOHEG GUVOAIKOU LRkoug 70 XWMOPETpWY KABE eTtoxr),
evw oto ‘Opoc Oitn (2023) Evte dLAdPOEC GUVOAKOU HUAKOUG 24 XIALOLETPWIV.

MNnato Kepahawo 5 xpnoomotoape dedopeva tou Epyaotnpiov Alatripnongtng Blomowndtntag,
OTO OTIoio Ttpaypatorol|Bnke N tapovod dIBAKTOPIKA datplPr. Xpnowororjoape dedopeva
(dwroypadiec) amod kauepec-Ttayidec.

AvAaAuon dedopEVWIV

Ertoxikn) dtaortopa

l'a tov uTtoAoyIopO TN EKTaonc (oe km?) TN ETAOLAC KAL ETIOXIKAC SLAOTIOPAC TOU TANBUOHOU TWV
BaAkavikwy ayploydwy ota Opn‘OAuptog (Kedaiawo 2) kaw Ottn (KedbdAato 3) xpnoiomorioape n
uEBodoc Kernel Density Estimates (KDE) 95%, pe to makéto “adehabitatHR” (Calenge, 2006;
Worton, 1989) oto mpoypappa R (R Core Team, 2023). 'a TOv UTTOAOYIOHO XPNOOTIOINCAUE OAEC
TLG TIAPOUCIEG aTto KABs Bouvo yid TNV £THOLA dLACTIOPd, KAl TG TIAPOUGIEC KABE £TTOXNG yid TNV
ETIOXKN) dlaoTtopd.

lMpotiunon evdwartrjparog

MNna to Kedparawo 2 (Opoc ‘OAuUTIOC) AELOAOYNOAUE TIC ETIOXIKECG TIPOTILACELG EVOLAUTHLIATOC TOU
€idoug, xpnowormowvtag v HEBodo Ecological Niche Factor Analysis (ENFA).

Matnv avdAuon xpnoorolcape WA TIEPIBAMOVTIKEG HETABANTEC OE KAIaKa 25x25 m. ApXIKd,
To uPopETPO, Tov Aciktn Tpaxutntag Edadoug (Terrain Ruggedness Index, TRI), kat tov Asiktn
Tomoypadwkng Yypaoiag (Topographic Wetness Index, TWI) xpnowyorowvtag to Eupwraiko
Wnoako Movteho Edadouc (Copernicus Land Monitoring Service, Version 3, 2021) kal TO TIAKETO
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“terra” (Hijmans et al., 2022). 2In ouvéxela xaptoypadproaue TPELG Pacikoug TUTIOUG

EVOLAITNUATWY OTNnV TIEPLoXH HEAETNG: ABAdLa, BAon Kal BPaxwdELg EKTACELG. XpNnoyJoTolrioape
dopudoplkeg elkoveg uPnAng avahuong (Copernicus Open Access Hub, Sentinel-2, 2022) kat
Tavounoape Ta EVOLATAKATA OTLG TPELG KATNYOPIEC EKTIAOEVOVTAC TOV AAYOPLBHO TOU epyaAeiou
taivopnong oto lewypadko 2uotnua MAnpodopwwv (GIS) pe 50 moAUywva avd TUTo
evolartiuatoc. TéAog, uttoAoyioape TPEIC HETABANTEG AOOTACNC, Ol OTIOEC AVTIOTOXOUV OTIG
HIKPOTEPEC AMOCTACELC TWV Kataypadwy ayploydwyv amno: (a) kataduylo daduyng, (B) dpopouc
(aodartooTpwpéEvoug Kal XwHdtvoug) Kat (y) povortdta miedomopiac. Oploape wg katapuylo
daduyrg Ta ToAUywva TIou Ttapoucialav KAion peyoAutepn amo 45° kat sppfadov v Twv
TE00APWY KEAWV (>2.500 m?). AdBapie UTIOYIN To 031KS BIKTUO TNC TEEPLOXAC (138 km 3popwv)
(dedopeva amd to Epyactriplo Alatrpnong BlottolkNOTnTag TTou XpnooTiowrtnkay yia Tov eBviko
Xaptn “roadless”) (Kati et al., 2023b), kaBwg kat To diktuo povoratiwy Tiedotopiag (305 km)

(Hellaspath, 2022). Ta 6Aoug TOUC UTIOAOYIOHOUCG QITOCTACNC XPNOWOTIONCAUE TO TICAKETO
“distanceto” (Miller et al., 2019).

H owoAoyikr) Bon (niche) Tou eidoug aroteAsital arod U0 CUVICTUWOEC OTOV OLKOAOYIKO XWPO: TN
dladopikotnta (marginality) kairtnv e€eldikevon (specialization). H dladopkotnta petpdtov Babud
dladoporoinong MHETa&y Twv MPECWV TEPPRAMOVTIKWY ouvENkwyv oto evdlaitnua Tou
XPNOWOTIOLELTAL KA TWV JLABECIHWY CUVBNKWYV OTNV TIEPLOoXN HEAETNG. H e€1dikeuon amoTuTIWVEL
TO €UPOC TNC OKOAOYIKNCG B£0NC KAl QVTIKATOTITPI(EL TNV AvoXH) TOU £i00UC OTIC HETABOAEG TWV
TIEPRAMOVTIKWIY CLUVONKWV.

JupmepAaBapie OAsC TIC HETABANTEG oTOo POVTEAO (Spearman |r] < 0.75) kal XpnoyoTrooape OAeg
TIC AUECEC KAl EPUECEC KataypadeC avd €TOXN WC onuesia mapouoiac (svdlaripata Tou
Xpnoyototnkav), kabwg kat Eva clvoio 1,182 Tuxaiwv onueiwv og OAN TNV TEEPLOXN HEAETNG
(dlaBEaiuo evdlaitnua). 2tn CUVEXELD TIPoodlopioaps Tov BaBuod otov omoio KABs peTaBAnT
ouvEBaAe otn dladopKOTNTA Kal TNV £EEIDIKELON PECW TNC AVTIOTOIKNG TWWNG CUKBOANG OToUG
A&€ovec ¢ avdAuonc H otatiotikn onuaviikotnta eAEyxonke pe tn dladkaacia Tuxalormoinong
Monte Carlo (1,000 etavaAnielg). MNa thv avaAuon xpnoloTtol|oape To TtakeTo “adehabitatHS”
(Calenge, 2011a).

MNa to Keparawo 3 (Opocg Ofitn), xpnoororcaps pia TiepBAMoVTIKn Bacn dedopévwy dEka
HETABANTWY, og KApaka 25 x 25 m, Ttou oxeTidovtal pe To avAyAudo, Toug KUPLOUC TUTIOUC
BAAOCTNONG KAl TOUCG TIAPAYOVIEG AvOpWTIOYEVOUC OXAnonc. YTtoAoyioaue TPELC TOTIOYPAPIKEC
HeTaBANTEC (UPOPETPO, KAion Kal Tpaxutnta £dddoug) xpnotporowvtag Wnolakd Movtédo
Edadoug (DEM) avéluong 25 m (Copernicus Land Monitoring Service, Version 3, 2021). lNa tov
UTTOAOYLOHO TNG KAONG KAl TNG TPaxUTNTAC XPNOWWOTIOW|capE T cuvaptnon “terrain” Tou TIAKEToU
“terra” (Hijmans et al., 2022). AdBape utton TPELG KUPLOUC TUTIoUC BAACTNONG cLUdWVA PE TNV
turtodoyia EUNIS (Davies et al., 2004): daon (G1-G5), ABadwa (E1, E2, E4, F2) kat 8apvoug (F5).
Yriodoyioape emionc Ttéooeplc PETABANTEC TIoU oOxetiovtal pPe avBpwroyevry OxAnon.

Xpnowotojoape 1o 0dKO diktuo (263 km) (OSM, 2025) yia va LTIOACYICOUE TNV artdoTacn aro
TOV TANCLECTEPO JPOHO (ACPAATOCTPWHEVO 1 XWHATWO). MNapdMnAa, XpnoyloTior|cape tn
dlabeotun Bacn dedouEVWV TWV Tolviootaciwy (50 eykatacotdoelc) (lliopoulos et al., 2015) Ttou

Tiapeixe n tomkr Movada Awaxeipiong tou ODPYIMEKA, kabuwg Kat ta TIoAUYWVA TwV TIEPLOXWV
arayopeucncbnipac(geodata.gov.gr), yiava UTIOAOYICOUIE TIC AVTIOTOLXEC AMMOCTACELG ATTO AUTA TA
otolxeia.

ErmAéov, xaptoypadroape to kataduylo dlapuync we arotoped (>45°) kal eKTeTapevec (22.500
m?) KAioeic (Papakostas et al., 2025b) kat UTIOAOYICALE TNV AMIOCTAGH TWV KATAYPADLIV OO AUTEC.
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O1 uttoAoylopol ardotaonc paypatoror|onkav oto ArcGIS Pro (ékdoon 3.1.0) pe to epyaieio
“Distance Accumulation”.

Ma T TPOTYWACELG EVOLALTHIATOG TOU £I50UG UTIOAOYICAE TN HECN TW TWV TEEPBAANOVIIKWY
HETABANTWY oTa oNpEia TTapouaiag Tou ayploydou yia KABE Ttoxr KAl yia OA0 To £10¢ (evilaitnua
TIOU XPNOoWIoTIoBNKE). 2t cuvexela dnuoupynoape 652 tuxaia onueia (avadoyia 1:1 petagy
TIAPOUCLWY KAl TUXAiwy onpeiwv) oto ArcGIS Pro Kat EKTIIACALE TG HECEC TEC TWV HETABANTWY
O€ QUTA TA ONMEia eVtog TG TEEPLOXNC HEAETNC (DLaBECIO eVILATNHA). XPNOWOTIOWVTAG TOV KN
Tapapetplkd EAeyxo Kruskal-Wallis H, e€etdoape av ol TiepBaAoVTIKEG HETABANTEG DlEdepav
ONUAVTIKA HETAEY TWV TECOAPWY ETOXWV. ETurmAéov, cuykpivape Ti¢ £troleq TEPBAAOVTIKEG
HETABANTEG PETAlL Twv onpeiwv Tapouciag kal Ttwv tuxaiwv onueiwv (evdaitnua Tou
XPNOWOTIOWBNKE Evavtl SLABECIOU EVOLALTAATOC) HECW ToU EAEYXoL Mann-Whitney U (p <0.05).

KataMnAdtnta evdiartriuarog

MNa 1o Keparawo 3, xpnoworotcape to TIakeETo “sdm” oto mpodypappa R (Naimi & Araujo, 2016)
VIO TN HOVTEAOTIOINON TOU KATAMNAOU EVILALTIATOC TOU I30UC KAL TNV TIAPAY WY TOU QVTIOTOLoU
XAPTN KATAANAGTNTAG EVOLAUTAHATOG. APXIKA, AELOAOYHOAE TN TIOAUCUYYPAMIKOTNTA HETAED TWV
HETaBANTWY XpnotJotowwvtag Tov 2uvteAeotr] Alvykwong Alaottopdg (Variance Inflation Factor,
VIF) pgow tng ouvdptnong “vifstep” (6plo < 3) (Dormann et al., 2013; Zuur et al., 2010). O VIF
BaociZetal oTo TETPAYWVO ToU GUVTEAEOTH) TIOMATARC cUCXETIONG (R%) TTOU TIPOKUTTTEL AMd TV
TAAWVOPOUNON MG METABANTAC TPOYWWONG €vavtl OAWV TwV UTIOAOITIWY, ATtOTEAWVTAG
akpBectepn HEBODO OE OXEON e TN cuoxetion Pearson (Naimi & Araujo, 2016).

Aedopévou OTL dev elxape TiPAYHATIKA SEDOUEVA ATTOUGIAC, TIPOCAPUOCALE TN BACn OEO0UEVWIV
TIAPOUCWY C€ TAQICLo HovTEAWY Ttapouciac-evdoartouaiag dnuoupywvtag Peudoamouasied.
Ma tov okoTo autd xpnolotowjoape t PHEBodo Random Forest (RF) kat avaAoyia 1:1 petady
TIAPOUCLWY Kal Peudoarouciuwy, OTwg Tpoteivetal yia epappoyeg RF otnv owooyia (Barbet-
Massin et al., 2012). Xpnowomowjoape dUo deikteg afloAdynong tng midoong Tou PoVTEAOU: TNV
AUC katto TSS. H AUC aélohoyel TnV IKavOTnTa TOU HOVIEAOU VA SLaKpivel HETAED TIAPOUCLWY KAl
ATIOUCIWY, HE TIHEC amo 0-0.5 (tuxaia TtPoRAsPn) £we 1 (TEAsIa TIPORAEN), Kal ArtoTEASL EUPEWC
XPNOWOTIOOUHEVO JEIKTN OE OIKOAOYIKEG HeAETeC (Fielding & Bell, 1997). To TSS AauBdvel uttogn
TO00 TNV evalcdnaia (true positive rate) 6co kaL tnv eWIKOTNTA (true negative rate), e TWEG aro —1
€wg 1, 6rou 1o 1 UTIOBNAWVEL TEAELA CUHPWIVIA KA TYWECS 0 artddooh N KAAUTEPN TNGTUXAUOTNTAG
(Allouche et al., 2006).

2Tn OUVEXEWM, CLUVOUAOAUE TA ATMOTEAEOHATA OAWV TWV HOVTEAWV RF dnuoupywvtag pia
ensemble TipoPAsn, N ool EVOWHATWVEL TIOAMATIAA LOVTEAQ, AuEAvoVTAG TV AOTILoTIA TWVY
TEMKWY EKTIUNCEWY KataMnAotntac (Aradjo & New, 2007). AElOAOYNCAUE TIC TILO ONUAVTIKEG
peTaBAnTeEC xpnoyorowvtag duo delkteg tn cuoxetion Pearson kat thv AUC. H cuoxetion
Pearson avadelkvUel T YPAUHIKT GUUBOAA KABe petaBAnTnig oto povieAo (Franklin, 2010), evuo n

AUC kataypadel Tn CUVOAIKA eTtidpacn Twv petaBAntwy (Lobo et al., 2008), Tep\apBavovtag Un
VYPAUHIKEG eTUdPACELC KAl AAMNAETUOPACELS. YIoBeToape autrh T JUTAr T(POCEYYLION WOoTe va
ETUTUXOUKE TUO OAOKANPWUEVN afloAdynon TNG onuaciag Twv TPORASTITIKWY HETABANTWY,

ouVdLAZOVTAC CUUTIANPWHATIKEG TTTUXEC TNC ETUOPACTG TOUG.
TENoG, opioape WE KATAMNAEG TIG TIEPLOXEG HE TIPOPAETIOPEVEC TYEG KATAMNAOTNTAG LPNAOTEPEC
arnod Tov HECO OPO TWV TIHWV KATAAMNASTNTAG TwVY dedopévwy ekmaideuonc (Liu et al., 2013).
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lMpoturna dpactnptdtnTac

Na 1o Kedpdhawo 5, tautomorioape Xelpokivnta OAsg TG EKOVEC artd TIC KAPEPEC TTayideg (camera
traps) XpNOOTIOWIVTAG TO AOYIOHIKO avolktig TipoopBaocng Wild.ID (Rovero & Zimmermann, 2016).
2Tn cuvexela eEayayape oAOKANPN TN BAcn dESOUEVWIY, CUUTIEPAALBAVOLEVWY TG NHEPOMNVIAC,
TN WpPAGKaL Tou €idouc, yia tnv avaiuon.

lNa tnv moootkomoinon tng dpactnPEOTNTAC TwWV &WBWY, UTIoAoyicaue Tov apBud Twv
ave&dptntwy kataypadwyv ava eidog, ebappoloviagkatwdAt 15 AsTrtwy wote va arnodUyou s TV
KAtapETpnon enavaAapBavopevwy EKOVWY Tou idlou atdpou (Rovero & Zimmermann, 2016).
YroAoyioape TicnuEpeCAetoupyiag kabe dwtoypadkAgTIayidAC WG TO CUVOAO TWV TIEPLOSWV TWV
24 wpwv PETALY TNC eYKATACTACNG KAL TNG CUAOYNG, 1N €wg T TeAeutaia kataypadr otnv
TIEPITTTWON TIOU N KAPTA PVAKNG EIXE YEUIOELTIPLY TN CUMOYN. 2T CUVEXELQ UTTOAOY{oaLIE TOV DEiKTN
RAI (Relative Abundance Index) dlapuuvtag Tov aplBpo TwV YEYOVOTWY HIE TOV ApLBO TWVY NUEPUIV
delydatoAnyiog kal toMarAactadovtag to arnoteAecpa i 100.

NOyw Tou oxedlaopol NG delypatoAnyiog pac, Tou ETIKEVIPWVOTAY Ot dPactnelOTNTa Tou
aypLoydou, arokAsiodpe TI¢ avaAloelg sTiKAALPNG dpaotneloTnTag He AaMa €idn, kabwg ta
AMoTEAEOUATA ATAV OTATIOTIKA LN onUavTikad. MNa va eEeTacoupe Tig dladopec HETAEL dACWHEVWYV
KQUL AVOLKTWV EVOLAUTNHATWY, TAEIVOPRoaE WE OAOIKEG TIC Katnyopieg G tng turtoAoyiag EUNIS kat
WC QVOLKTEG TIG Katnyopieg E kat F. MNa pa .ooppottnuévn cUYKPLon HETA&L TUTTWY EVOLALTHUATOC,
dlatnpnoape OAEG TIC KAPEPEG TIOU AstToupyoloaV OE AVOLKTEG TIEPLOXEC KAL ETTAEEALIE (00 AplBo
OACIKWV KAUEPWIV PE ToV UPNAGTEPO ApLOUIO aveEEAPTNTWYV YEYOVOTWY aypLoyLOOoU.

Ma w dlepevvnon twv dladopwy ot OPACTNPEOTNTA HETAEY EVOLAITNUATWY KAl ETIOXWV,
Xpnoyotojcape To TIakETo “overlap” yla tnv apaywyr KaumuAwy ektipnong Kernel (kernel
density estimation) (Meredith & Ridout, 2014), kat uttoAoyioape tov cuvteAeotr eTuKAALPING Ag yLaL
KaBe Cevyog (Ridout & Linkie, 2009). O ouvteAeotr¢ A KupaiveTal artd PNJEV, TIOU UTIOSNAWVEL
arnouocia eTkaAuPNG, £WCEva, TIoU UTIOSNHAWVELTIANPN ETUKAAUYN, Kal Bewpeitat uPnAog otav A >
0.75, pétplogotav 0.50 < A< 0.75 kat xapnAog otav A< 0.50 (Monterroso et al., 2014). Yitohoyioape
Ta 95% OdloTApATa euTioToolvVnG TOU OUVIEAEOoT erukaAuying pe 10,000 ETTAVOANTITIKEG
delydatoAnyiec bootstrap (Rovero & Zimmermann, 2016).

20voyin Epeuvac kat meta-analysis

MNnato Kedpdiawo 4, tpaypatororjoape avalntnon BiBAoypagdiac otn faocn Scopus Ewgkattnv 1n
Maptiou 2025, XpNCOTIOWIVTAG GUYKEKPLLEVOUC OPOUC avad|Tnong OToV TiTAo, TNV TIEPANYIN Kat
TIg As€elc-kAedld: «chamois», «isard», «habitat selection», «habitat use», «habitat preferences»,
«ecological niche», <home range», «distribution» kat «core area». H avadrtnon meplopiotnke oe
ApBpa dnuoacieupéva oe ayyAlikr YAwood Kal SNHOCIEUUEVA OE ETIOTNHOVIKA TIEPLODIKA, Kal
anedwaoe ouvoAka 193 dpbpa.

Metd Tov €AeyX0 TWwV TTAWV Kal Twv TiEpPewv, amokAsioape 161 apBpa Tou dev ntav
oxetllOpeva Pe To £(00¢ 1 TO aVIIKEPEVO TNG HEAETNC. ETtmA&ov amokAeioape TEGOEPIC UEASTEC TIOU
dev tapeixav SeSOEVA VLA TO HECO I ATOMKO pEyeBog home range, £€L TIEPLYPADIKEC IEAETEC TTIOU
dev mepA\duBavav oTatioTkn eneepyacia SESOUEVWV Kal Pia PEASTN yia TV oTtola dev UTIAPXE
TIPOoPacn oto TANPEC KElpeVo. AUTh N apxIkr dlaAoyr anedwaoe 21 apbpa.

AdoU eTtAEEape TIC MEAETEG QUTEG, e€etAoape ettiong TG BPAOYPAPIKEG TOUC avadopeg Kal
eviottioaue pia eTUTAEoV OXETIKN HEAETN TIoU dev epdaviotnke otnv avaditnon otn Scopus. To
TEAKO GUVOAO DEDOUEVIIY ATTOTEAEITO aTTo 22 PEASTEC: OKTW adopouicay Tnv teploxr home range,
EVIEKA TNV ETUAOYN I XProN EVOLALTHATOG, KL TPELG eEETaav KaL Ta dUOo avTikeipeva.
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Xpnoworowjoaue TEPPAPIK OTATIOTIKY yid va OEPEUVACOULE TA KEVA YWWONG KAl TIG
EPEUVNTIKEC TACELC DLAXPOVIKA, AELOTIOWUVTAG TO CUVOAO TWV peAstwy. Eotidioape ota dladopetika
€idn kat uttoEeidn aypLOYLOOUL TTOU EX0LV LEAETNBEL, KABWC KAL OTIC TEXVIKEG GUAOYIC KAl avaAuong
BeJoLEVWY. XapToypadroape TIC TIEEPLOXEG HEAETNC TToL Tiep\apBavovtal otn Bacn dedopEvWY
dnuoupywvtag xaptn oto ArcGIS Pro (€kdoon 3.2.2).

Xpnoworowvtag To olvolo dedopévwy home range, cuvolicape ta peyebn home range
EEXWPLOTA YO APCEVIKA KAl BNAUKA, BACEL TWV THWY TIou avadepovtal oe KABe peAETn. Ma kdbe
$UAO uTtoAOYioapE TIEPLYPADIKA OTATIOTIKA, OTILWG T HECN TWI KAL TNV TUTIKIA AtOKALoN, KaBwg Kat
TIG EAAXIOTEG KAL HIEYIOTEG TWEG, WOTE VA ATTOTUTIWGOOUKE TN HETABANTOTNTA OTo PEYEBOG TG
Tieploxnc home range. Emum\éov, avapEpape Ta AMOTEAECIATA ATO TPELG HEAETEC TIOU dlaxwpLoav
Ta APOEVIKA OF «HOVILIOUC KaToikoug» (resident: apoEeVIKA TIOU KATOIKOUV OE HIKPEC KAl OTADEPES
home range) kal «etakvoUpeva» (migrant: QPOEVIKA TIOU HETAKIVOUVTOL HETAED ETOXIKWY
Teploxwv) (Lovari et al., 2006; Nesti et al., 2010; Unterthiner et al., 2012).

Xpnowomowuvtag To cUVOAO JESOUEVWV ETUAOYHG EVOLAITAHATOC, avaAUoape Ta armoteAéopata
TWV peAstwyv tUmou GLM péow peta-availuong Tuxaiwy eTidPAcEwV yla KABs Ttapayovid,
XPNOWOTIOWIVTAC TO TIakETo “metafor” oto mpdypappa R (Viechtbauer, 2010). Zuvdudoape ta
HEeYEDN eTtidpaonc (B) pHeTall Twy PEAETWY, otabulopéva he Baon tnv avtiotpodn dlaKUKavor
T0UC (1/SE?). MOCOTIKOTIOIOAKE TNV ETEPOYEVEL HETAED TWV PEAETUV PEOW TWV SEKTWV T
(BLaKUPAVON TIPAYHATIKWY eTSPAcEWY) Kat I (BaBpdc eTikAALYPNC SLOoTNHATWY EPTHOTOCUVNG).
Ma va afloAoyrooupe TN GUHBOAY TwV HEGOAABNTUIV, UToAoyioape to R® we ektipnon tou
TIOO0GOTOU ETEPOYEVELAC TIOU e€nyeital (Borenstein et al., 2021; Nakagawa et al., 2023; Schwarzer,
2022).

lNa ™ dlepeuvnon g cupdpPaldopevnC HETABANTOTNTAC OTNV ETIAOYN EVOLALTALATOC, EKTEAECALE
HekTEG peta-Ttadwvdpopnoelg (mixed-effects meta-regressions) yia 6Aoug Toug TTAPAYOVIES HE
ONUAVTIKY) CUVOUACEVN ETTIOPACT, EVOWUATWVYOVICAC WE HECOAABNTEC TNV ETOXN (ETAOLA, AvOoLEn,
KaAokaipl, GOWOTWEO, XeWwvag) kKat tn PéEBodo avaiuong (ry. GLM). ZuumepiaBape
HecoAABNTEC HOVO OTaV UTINPXAV ETIAPKN Oedopéva oe KABE Katnyopla yia TovV avTioToXo
Tapayovta. Q¢ katnyopia avadopdc opicaus v «ETnoLlax» TOXH Kal T HEBodo «GLM». Etal, ot
otabepol Opol (intercepts) avIPOCWTTEVOLV TIC EKTIHWHEVECG ETUOPACELC UTIO AUTEG TIC BACIKEG
ouvBnkec. Xpnoworotoape to Study ID wg tuxaia emidpaon ya va AndOei utoyn n uTapén
TIOMATIAWY EKTIUNCEWVY ATIO TNV Ola PEAETH. Anploupynoapie dlayPAUATA XPNOOTIOLWVTAC TO
TtakeTo “ggplot2” (Wickham, 2016).

Matnv afloAdynon TNCETIAOYC EVOLALTHUATOC OTIC HEAETEGTIOU Xpnotpottoinoav ENFA, e€ayayape
TG e Sladopkotntag (marginality) yia OAG TG TIEPIBAMOVTIKEG HETABANTEG TTOU EEETACTNKAV OE
KABe peAETN. O déovag dladopIKOTNTAGTIOCOTIKOTIOLE TOV BaBO GTOV OTIol0 TO XPNOYIOTIOLOUEVO
gvolaitnua dladeEpeL amo TG HECEG OOBECIEG CUVONKEG, HE DETIKEG KAl APVNTIKEG TIIEC va
uTtodnAwvouv eTtioyn katartoduyr avtiotoa (Hirzel et al., 2002). Katatd&ape kABe Ttapayovta e

Bdon tnv katevBuvon e dtadopkotnTag (M): BTk (sTTAoyH), apvnTIKA (artoduyn) 1 CLDETEPN.
Oewproape oLOETEPECTICTHECM <0.2.
Ma ™ ovvoyn Twv anoteAeopdtwy epappdoaue TIPOoEYYLoN vote-counting (Borenstein et al.,

2021). Na kdBe Tapdyovta uToAoyioape Tov apBPO BETKWY, OPVNTIKWY KAl OUSETEPWV
aroteAeopdtwy oe OAeg TG pereteg ENFA, kat otn cuvexela uroAoyicape vav amio deiktn
ETINOYNC (BETIKA— apVNTIKA) WOTE VA Ao TuUTtwBOo UV OLYEVIKOL TACELG. H pEB0d0C auTh ETITPETIEL TN
oUYKPLON TWV TIPOTIUACEWY EVOLAITAKATOC OE ETIMEDO TIAPAYOVIWY HETAEY HEAETWY, XWwpig va
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QATIATOUVTAL TA AKATEPYAOTA ATTOTEAE OLATA TWV HOVTEAWY, Taottoia dev eivat tvia dlabEoIa otiq
ENFA avoAucelc.

Oideikteg selection ratios eKTHOUV TNV LOXU ETIAOYHC OE OXEON HE T SLABECIOTNTA EVOLALTAHATOC,
OMA cuxvd oTePOLVTAL EKTIACEWY OLAKUHAVONG ) CUVETTIOUE KAIAKAG IETAEL peAsTwY (Manly et
al., 2002). Na kabe mapdyovta katatdéape TNV KatevBuvon eTAoYNG WG Otk (ETAEyeTAY),
Apvntikn (artodevyetat) [ OudETepn (Kapia onpavikr dapopd HeTagl xpriongkatdlabecyotntag
N T deiktn = 1). 2t cuvexela edappocape Ty IBLa TIPOCEYYLON Vote-counting kataypddovtagta
BeTKd, apvnTIKA Kal oudETepa amoteAéopata o OAeG TIG PeAEteg selection ratios. TEAOG,
uttoAoyioape gvav deiktn ETINOYNAC (BETIKA— apvnTIKA) yia KABE TTapAyovTa WOTE VA ATIOTIUGOUKE
TN OULVETIEWD KAl TNV oYXV TG ETOPAOCKC TOU PETAED PEAETWY. Mia PEAETN TIou agloAdynce tnv
£TI\OYN EVOLALTHHATOC HE BACIKN TIEPLYPADIKT OTATIOTIKA ATOKAEIOTNKE aTto TNV avAAuon.

AnoteAéopara-Zuditnon

Kedpaiaio 2

H etiola ektaon dlaottopdctou TnBucopol oto OpocOAupTogKAAUTTTEL pta ektaon 103 km?2. Auth
N €Ktaon eival ueyoAUTEPN OE oxeon e AMaEMNVIKA Bouvd, oTtwcTo OpogTupdn (Katiet al., 2020)
kat to ‘Opog MNkwva (Papaioannou et al., 2015), urtodekviovtag PeyAAn €ktaon KAtdAnAwv
EVOLAITNUATWY O CUVOUAGCHO HE XapunAr 0xAnon oto OpocgOAupTtoc.

‘Eva Baoko elpnua yia thy olkoAoyia twy aypoydwy oto ‘Opog OAuuTog eival To eToXIKO HotiBo
3laoTtopAC ToU TIANBUGHIOV, KABWIG BPNKAKE TIWG N ETIOXH HE TN MIKPOTEPN £KTach dlaoTtopdc Atav
TO $OWOTIWPO, AKOAOUBOUPEVD A0 TO KAAOKAIPL, TNV AVOLEN KAl TEAOC TO XEWWVA. 2TO TUTIKO
«Hmepwtikd» poTiRo yia ta aypoyda otnv Eupwrn sivat ywwaoto OTL 0 XEWwWVag eival n EToxA U
N HIKPOTEPN €KTacn JlacTtopdc, Adyw OUCKOAWY KAPIKWY CUVONKWYV TIou Teplopidouv v
petakivnon kattaamobepara tpodnc (Corlattiet al., 2023; Crampe et al., 2007; Garcia-Gonzalez et
al., 1992; Nesti et al., 2010). AvtiBeta, otov OAUUTIO N BEPUN) ETIOXI TOU £TOUC PEPETAL VA Eival N
KUpLa TeEPiodOC OTPEC Yy Ta ayployda, akoAoubwvtag éva «Mecoyelako» HOTIRO ETTOXIKAC
KATAVoNG, To ottoilo €xel TiapatnpnBet emtiong oto Opog Mkwva (Papaioannou et al., 2015). To
«Meooyelakd» ETTOXIKO HOTIBO UTIOSNAWVEL OTL TO KaAoKaipL aroteAel Ty Tiepiodo otped: ta Jwa
HETaKvouvTal o€ PUXPOTEPA HIKPOEVIIALTHHATA O HEYOAUTEPA UPOLIETPA, KOVTA OE UTIOAE (AT
XlovioU 1| og PBOpeleg TAQYIEG, avalnTtwvtag GPECKOUC, £UYEUCTOUC Kal UPNANG Tolotntag
TPOPIKOUC TIOPOUC, LIE AMOTEAECA VA TIAPOUCIAZOLV TIEPLOPLOUEVN BgpIvr] Katavopr). Miotevoupue
OTL Kat Aol TIAnBucol ayployldou eVOEXETAL va HETABAAOLY TO ETOXIKO TOUG €UPOC ATtd
«Hrelpwtiko» o «MEeToyELaKO», e TOUC TTANBUCKHOUC TTIou {OUV NON O HECOYELOKA TIEPIBAMOVTA
va eivat ol B avotepol va UI0BETACOLY AUTO TO TIPOTUTIO AOYW TNE KAUATIKNAC AAMaynC.

To povtélo pag €0elEe EekaBapa OTL Ta ayployda TPOoTIHoUcaV TIEPLOXEC KOVTA OTa POVOTIATIaL
Tiedomopiag kaB’ OAn tn dLApKeLa Tou £Touc. AfloonpEeiwTo ival 0Tl auTr eival N Ttpwtn Gopd TIou
Kataypadetal 1000 LloXUPH TIPOTINGCN TWV ayployidwy yid pJovortdtia Ttedottopiag, dedoUEVoU OTL
n Tedottopia cUVABWC EXEL APVNTIKEC ETIITTWOELG otV aypla ttavida (Peters et al., 2023). Qotooo,
OE OPLOMPEVEG TIEPUTTWOELG £XEL avadepbel OTL ta aypoyda auéavouv Tnv avoxr Toug oE
avBpwrtiveg OpACTNPLOTNTEC, HEWIVOVTAC TN SUUTIEPIDOPA ETIAYPUTIVNONG OE TIEPLOXEC HE LINAA

emninedatouplopoL puong (Schuttler etal., 2017).

2tnv mepimtwon tou OAUPTIou, N Brpa arayopeVETAl, WOTOCO EXOLV KAtaypadel TEPLOTATIKA
AaBpobnpiac. Amodidoups TV TPOTIUNON yla Ty eyyUtnTa ota povordta medomnopiag otov
QATIOTPETTTIKO POAO TN Ttapouaciag twy medontdopwy otn Aabpobnpia. Ta povordtia daivetal va
TIPOOPEPOLV E|IEDN TpooTacia armod tn Aabpobnpia-Ttou Bewpeital N oNUAVTIIKOTEPN ATTEW yid
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10 €idog (Papaioannou, 2021)-evi EVOEXETAL VA ELWVOUV KAL TO EVEPYELTKO KOOTOC HETAKIVNONG
oe duoBata edadn.
Awruotwoape emiong, 0Tt Ta aypoywda anepeuvyav otabepd Toug dpopoug otov OAUUTo, EKTOC

ano N xeepvr) iepiodo. To Blo poTuTio Exel avadepBel kat oto 0pog TN, oTtou 1o £idog
OUYKEVIPWVETAL OTA TTLO ATOLIAKPUCHEVA GNEia Tou Bouvou, HakpLd arod SpOHoUG KAl XwpLd, yia
va anoduyel T AaBpobnpia kat tnv avBpwrivn 6xAnon (Kati et al., 2020). Ztov OAupTO, KATA TN
XeWWepwr Tepiodo, Ta aypoyda de xpeddetal va anopelyoulv T0 0dKO diKTuo, KaBwg oL
TIEPLOOOTEPEC DACIKEG 0001 oTa avwTEPA LPOLETPA Eival ATPOCTIEAQCTEG AOYW XLOVOKAAUYNG.

Kedpaiawo 3

MNa to KepaAawo 3, Bprikape OTL Ta aypLloyida TPOTIOTIOLOUY EAGXIOTA TO ETTOXIKO EUPOC KATAVOUNG,
KaBWG KL OL TECCEPIC ETIOXEC ElXaV OXETIKA 0TaBePO HEYEBOG EkTaonc. To eidog otnv Oitn dpaivetal
va PNV akoAoUBel kaveva aro ta dU0 EMOXIKA TIROTUTIA KATAVOUNC TIou €Xouv avadepbel otnv
Eupwrn kat tnv EAMGSa, oUte va avTETWTTIdEL GNUAVTIKO KAATIKO otped. MBav attia autol
arnoteAel To 0Tl Ta dWa KATOKOUV O BACWHEVEC TIEPIOXEC KAB’™ OAN Tn OLAPKELN TOU £TOUC,
emwdeAOVUUEVA ATIO TNV EKTETAUEVN DACIKY KAAUWN, N ottoia SlEUKOAUVEL TN BeppopLBULoN Kal
TIPOOPEPEL KATAGUYIO ATO TIC AKPAIEC BEPUOKPATIEG, VW TIAPAMNAA TIAPEXEL Kal TPOPIKOUC
Topoug (Anderwald et al., 2024). ErurmA&ov, wdeAolvTal armo TG ATIEG XEWEPWVEG CUVONKEG KAl TN
HovIUN dlabeodTnTa veEPOU OE pEPATA KAt UOATIVA GHATa KB’ OAn T SLAPKELL TOU £TOUC,.
‘Onwc kat oto Keparawo 2, Bprikape 6Tl ta aypoyda otnv Oitn armopelyouv TNV avopwrivn
OXANoN, TPOTILWVTAC TIEPLOXEC HAKPLA artd OPOPOUE, KTNVOTPODIKEG OTAVEG KAl TIEPLOXEG TIOU
ETUTPETIETAL TO KUVAVL.

H avdAuon pag£del€e OTLTATIPOTEIVOUEVA OXEDLA EYKATACTACNC ALOAKUIY CTABHWV TIAPOUCIAouV
ONUAVTIKH ETUKAAUYN PE Ta TAEOV KaTAMNAQ evdlalthpata Tou ayployldou otnv Oftn. H anwAsia
evdlaTiuatog armoteAst peidova armel] yia To BoAKavikd ayployido oe OAn v eEAMAWON Tou
(Corlatti et al., 2022c). TortoBetnueva os ABAdIa uPnioL vopEtpou (1,600-2,128 m), Ta epya
avapévetal va eTudEPOLY CoRAPEC TIETELC OTOV TOTIKO TIANBUOHO, KUPIWCE HECW TNG HElWoNG TWVY
BOOKNOWYV EKTACEWV KO TNG GUVOAIKNC ATIWAELAC KAL KATAKEPHATIOHOU Tou evdlattipatoc. To
£i00¢ eVOEXETAL VA PETATOTOEL TNV KATAVOU TOU HOKPLA ATt TIC AVEHOYEWNTPLIEC, TIOAVWIG
Bpiokovtac kataduylo otig TIASov duoTtpootteg dACIKEG JWveg, dedopevne tng uPnAng tou
gualodnoiac otnv avopwrivn OXANCN KAl TWV ApVATIKWY ETITTWOEWY TWV AVELOYEWNTPLWV TIOU
£xouv Kataypadei yla dMa dacopla pnpukacTikd (Scholl & Nopp-Mayr, 2021).

O avtiKTuTog TWV UTIOBOMWV ALOAIKNG EVEPYELAC UTIEPRaivEL TNV ATTWAELA EVOLAITAKATOC HECA oTa
EMEVOUTIKA TIOAUYwva (2,1 km?), OTIOU Ol QVEHIOYEWNTPIEC BA £YKATACTAOOUV OE TOUIEVIEVIES
Bdoelc. To Tipayuatiko armotUTIWHA TS XPHOoNG YNE sivat HeyaAUTEPO, KaBwWC cupTepAapBavoval
Ol ATTAITOUEVEC OCUVODEUTIKEG UTTIODOMEC (YPAUHEC HETAdOPAC KAl TIUAWVEG NAEKTPLOUIOU, KTipla
Asttoupyiag, kabwg Kat veol iy dlarmAatuopievol dpopoL Ttpocpacnc). H artodidwon tng BAacTtnong
KATA UAKOG TWV SpOpwV Ttpdcofacnc Ba emnpedoel AUESA TA SACIKA EVOLALTHATA TOU aypLoyldou.
Kapia amod Tic ewed PIKPEG UOPONAEKTPIKEG EYKATAOTACELC TIoU oxXedladovtal Oev EUTITIEL O
KataMnAa evdlartipata tou aypoydou. H enidpaocr| toug daivetal Hikpr, WoTtOoo TIAPAHEVEL
apeBaun. Aesv eival ywwaoto eav ol eykataotdoelc Ba emnpedoouy ) SlABECIOTNTA VEPOU yla TNV
dypla avida ota opelva PEPATA KAl LDATIVA CWHATA, OUTE TO EVPOC TNE KATAANWNG yNg TTou Ba
eTupEPEL N avarttugn 0d1KoU SIKTUOU KAl TWV CUVOSEUTIKWY UTIOOOHUIV.
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Kedparawo 4

H oUvBeon OAWVY Twv peAeTwv yia to KedpaAawo 4 £5e1Ee 0TLN SLABESIIN YWWION TIPOEPXOTAV KUPIWG
(68% TWV PEAETWV) ATTO TO OATIKO UTTOEIBOG aypLoydou (R. r. rupicapra). Erttd uttoeidn mapapévouv
ehaxota peletnuéva (01 peAétn 1o kabeéva). H tnAspetpia kat ol apatnpnioelg mediou
anoteEAecay TIG BAoKEC HeBABoUC CUMOYNC OEBOHEVWV VLA TIC PEAETEG home range Kal ETIAOYNC
evolartnuatog, avtiotoa. Ol etioleg atopkeg home range ntav HIKPEG AMA PE HEYAAN
dakvpavon (0.04-4.94 km?), emnpealdpevet amd 10 GUAO (HEYOAUTEPEC OTO POEVIKA), TN
HETAVACTEUTIK) CUMTIEPLPOPA (LEYOAUTEPEC OTA PETAKIVOULEVA CPCEVIKA) KAL TNV ETIOX).

H avdAuon enoyng evdlatnpatog (24 rapdyovieg, 452 Teputtwoelg) €JEIEE OTL TO avayAudo
(udpEeTPO, KAIoN, Kataduyto dladuyng) Kat N avBpwTioyevn OxAnon (Bripa, UTIOBOEC, ovoTtaTia
Tiedomopiag, ktnvotpodia) smnpealav TNV €mAOYR EVOLALTAHATOC TwWy aypoywdwy. H xpron
Bpaxwdwy, APBAdIKWY Kal dACKWY eVOLATNUATWY ATaV £EOPTWHEVN A0 TNV ETIOXN, EVW OL
XIOVOOKETIEIG TIEPLOXEC ATTODEVYOVTAV YEVIKAL.

Kedparawo 5

2UVOAKKA 39 Kdapepeg (16 O QVOIKTEG TIEPIOXEG Kal 23 oe ddon) kateypaav 6,152 nuépeg
Asttoupyiac (u€oog opoc ava B€on 158+139), KAatavenUEVEC OE OAOUC TOUC UNVEG TOU £TOUC (UECOC
opoc ava prva 513+121). Kataypayaue 6,173 avefdptnta yeyovotq, €K Twv oroiwv 3,259
adopovoav aypa BnAactikd. Evtorticape 12 €idn dypwv BnAactikwy, Pe To aypdyldo va
OUYKEVIPWVEL TA TIEPLOCOTEPA YEYOVOTA (2,645), akoAoUBOoUIEVO ATt TOV EUPWTIAIKO Aayo Lepus
europaeus (175) kaLtov ayploxolpo Sus scrofa (117).

NapBdvovtag uttoin oAOKANPO TO GUVOAO SESOHEVWV KALTOUG OU0 TUTTOUC EVOLALTHIATOC, N AvolEn
Kal TOo KaAokaipl epdavioav tTn HEYOAUTEPN TIKAALYN dpactnpotntacg (A=0.93, Cl: 0.89-0.95),
EVW N PIKPOTEPN TIAPATNPRONKE HETAEL KaAoKaplou kat pBwvottwpou (A=0.74, Cl: 0.71-0.78). To
ayploydo TIapouaciacs awun nUepnoag dpactnpotntac yupw ot 11:00, Pe yeviko €UpPOG
dpactnplotntag aro Ti¢ 9:00 £wg tig 21:00 kad’ 6An TN dLAPKELA TOU £TOUC. TOOO oTa dAor 000 Kal
OTIC QVOIKTEC TIEPLOXEC, N dPACTNELOTNTA KopuPWVOTAY YUPW oTig 11:00, vl TO GUVOAKO HoTiRo
ntav oxetika tapopoto (A,=0.88, Cl: 0.85-0.90).

Aev Ttapatnproape éva oadeg dPHoPPIKO NUEPNOLO LOTIRO, OTIWC EXEL avadePOEL yia To aypLoyido
(Darmon et al., 2014; Mason et al., 2014b) kat GMa opevd UnPUKacTka (Li et al., 2020), oUte
HOVOKOPUPIKS poTiBo (Sprem et al., 2015). AvTIBETWC, Ta poTifa Spactnpldtntac apousiacay
ETOXIKN dladopoTtoinon katouxva epdavidovtav TTIOAUTPOTIKA, OTIWC EXEL avadpepOel kal oe AMNoUC
TAnBuopoU¢ (Brivio et al., 2016; Kaveic et al., 2021b).

To ¢Bwonwpo, 10 aypwyldo sudavide emiong vPnAg erukaAun dpactnPEOTNTAC HETALY
OUCWHEVWV KAl QVOIKTWV Teploxwyv (A=0.92, CI=0.89-0.95). To potifo auto ntav &viova
TIOAUTPOTIKO, HE TIC OUCWHEVEC TIEPLOXEC VA DEiXVOUV KopUDWOELG YUpW otig 9:00 kat 15:00, evw
OLAVOIKTEG TIEPLOXECG YUPW oTig 9:00.

To $OWOTIWPO TO TIOAUTPOTIKO LOTIRO dPACTNPLOTNTAG KAL N CNUAVIKA AUENHEVN VUXTEPIVN
dpaCTNPLOTNTA O CXECN HE TO UTIOAOUTO £T0C EVOEXETAL VA OXeTidovtal Pe Tnv TePiodo Tou
deuyapwpartoc. Av Kal n vuxteptvr dpactnplotnta €xel avadepBei kad’ 6An tn SIAPKELA TOU £TOUG
(Carnevali et al., 2016), cuxvd evteiveTalKOTA TN SIAPKELA TNG AVATIAPAYWYIKAG TIEPLOSoU (Grignolio
etal., 2018), E&va poTiBo TTou eVOEXETAL VA AVTAVAKAOUV Kal Ta SIKA pac aroteAéopata. H vuxtepvn

dpactnplotnta hropsl emioncva avénbei wg amokplon otn Beppodtnta (Thel et al., 2024), av katdev

TIAPATNPNOoALE TETOLA CUMTIEPLPOPA KATA TOUC BEPUOTEPOUC UNVEC.
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Mpotewopeva HETpa dlatnpnong

H rtapovoa SI3aKTopIKr SATPRr EUTIAOUTIOE TNV ETILOTNHIOVIKH] YVWON YL To BaAkaviko ayployido

otnv EMAda, otnpidovtag epmeplotatwpéva Ta TIPOTEWVOPEVA HETPA dlatnpnong Tou ndn

uttdpxouv oto EBVIKO 2xEd10 Apdongyla to idog (Papaioannou, 2021).

Emopévug, yia thv armoteAEOUATIKE TIPOCTAGIA KAl dLaTr PN o Tou i00UC TIPOTEVOULE:
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» Awtipnon kat BeAtiwon evdlartnuatwy

=[lapaywylkeg dpaotnEotntes i) 2uvtagn 2xediou Apdaong g aMnAemidpaong
TIANBUGHWY aypLOYLOoU Kal KTNVOTPOPIKWY WV OTIOU AuTd CUVUTIAPXOUVY, i) Z0vtadn

00NyWV KaBopLoHoU avWTEPOU ETIMEDOU GEPOUCAC IKAVOTNTAG YL TA KTNVOTPOod KA wa
OTa EVOLALTHICTA TOU aypLoydou 0 CUCXETION KE TNV e€aodAaMon TNG BLICOTNTAG TWV
TOTIKWYV TANBUG WY TOU aypLoyLdou.

= OBk BikTuO: i) Edappoyn Teploplopol TNE XPHong UGLOTAPEVWY SACIKWY KAl OPEVWYV
OPOPWV (O€ TToXIaKN 1 €TAoLa BAcn) EVIOC 1 KOVIA oTa Kpioya evolattipaTa Tou idoug,
i) 2x€dl0 dpdong ywa TNV dlaTPENoN TEEPLOXWY AvEU JPOHWIV TIOU ETIKAAUTITOVIAL HE
evilaTApaTa Tou eidoUC.

=Apactnpotnteg avauxng: 2xE310 ApAcngyLa Tig dpactnplotnTeg avauxnc (TOLPLOHOG
Ka UTTIaiBpLeg BPACTNPLOTNTEG, KLUVIYLAAWY EBWV AypLag TTavidag) ota evolattrHata Tou
eldougkal kupiwg ota kpioya evdlatipata.

=Eaocdalon pdoBacncg os vepo: Anpoupyia BEcewv TIapoxrg ULBATOC OE ETUAEYUEVA
HEPN yla Tov KABE TANBUGHO ToU €idouc.

Awatipnon kat eméktaon ¢ {wvng €§AMAWONG KAl TEPLOPLOHOC TOU
KATOKEPUATIOLOU

sAlATAPNON TNC UGLOTAPEVNC SEAMAWONG KAL EVIOXUON TNC ESTIKOWWVIAC PUETAED TWV

ETPEPOLC TIANBUOUWV, KABWIC KAL TNC EYKATAOTAONG VEWY TIANBUCUWY PIE PUCIKO TPOTTO:
i) Mapaywyr XAptn KAtaMnAOANTaC Tou evilAtApatog oc €6viki KAlpaka pe

HoVTEAOTIOINGN TWV KUPLWY TIAPAUETPWY TWVY OIKOAOYIKWY ATTALTACEWY TOU £i50U¢ oTnV
NrepwtK EMASA, i) 2xEdo Apdong yia thv €€achAMon KAVOTIONTIKAC Kal opbd
KATAVEUNHEVNG EKTAONG HE TIEPLOPLOTIKOUE OPOUC OTNY £EACKNGCN TNG OPACTNPIOTNTAC TOU
Kuvnyilou og oxéon pe tnv eEAMAWGN Tou eidoug, iii) ZxE010 Apaonc avadopikd Pe Tnv
EKTTOVNGN HEYAAWY KATAOKEUAOTIKWY EPYWV OTO EUPOC KATAVOUI G TOU EI30UC.

=Evduvapwon twv udoTAUeVWY TTANBUCHWY KAl EYKATACTAON VEWV TIANBUCUWY pE
TEXVNTO TPOTO: i) Eykatdotaon vEwv TANBUCUWY HE TEXVNTH HETAPOPA ATOHWY aTo
AdMoug elpwotoug TANBucpoUg Tou €idoug, i) Evduvapwon ToAUD HIKpwy Kat

QATIOHOVWHEVWY TIANBUCHWY HE TEXVNTA HETAdOPA TIEPLOPIOHEVOU aAPBOU ATOHWY aTd
AMougTAnBucpoUC.

MAnBuopaKA Slatpnon Kat BeAtiwon

=KaBoplopog pepouoag kavotntag: Ekmovnon peAetng kaboplopol tng $pépoucag

IKQVOTNTAG O KABe yewypadlkr) TEEPLOX OTIOU UTIAPXEL TTANBUCHOG Tou eidoug Ba
TIPOCdIOPLOTEL KATA TIOCO Ol dlaBEaiot ABadIKoi TUTTOL ETTAPKOUV YA ToV TTANBUGHO ToU
aypoyldou Kal TwV QvTaywvIoTwy Tou (ayeAddec K.ATL) AauBdvovtac umoyn
Bookoikavotnta Twv ABadIKWV TUTIWY KAl T BooKoPOPTWON TOCO Ao AyPOTIKA 000 KAl
and aypta xoptodaya {wa.

sEntomteucn-duAaén: i) EmoTmteucn Kal TapakoAouBnon g XWPLIKAG KAl XPOVIKAG
TIapouciag HEPOUC TWV TIANBUCHWY Tou £idoug Pe tn BonBeia koAdpwyv pe dopudopIKOUG
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TIOUTIOUG, ii) ANpoupyia Kat evepyoTtoinan ArmoTEASCUATIKWY JOPWY EMOTTTElac- dUAAdNg,
iii) Ektovnon peAetng kat edpappoyr Zxediou GUAAENC ya TNV TIapavopn Bnpa yia kAabe
TIANBUGO ) OUAdA TTANBUGCHWY aypLoyI3ou, iv) AlEVEPYELA TIEPUTOAWY OTIC TTIAPALEBOPLEG
TIEPLOXEC OLACLVOPLAKWY TANBUGCHIWY TOU €IB0UC, i€ OKOTIO TV ATTOTPOTI) KPOUCHATWY
AaBpoBnpiag ano AaBpobrpe TWV YELTOVIKWY XWPWV, V) MAoTKA edappoyr UNXavioHwy
TIPOANYNG KL KATAOTOAN G TIEPBAMOVTIKWY TIapavopwy (AaBpobnpia).

=AlTAPNON VEVETIKNG eupwotiac: i) Kataypadn g YeVETKNAG TAUTOTNTAC KAl TG
TIoKWopopdiag tou KABe TANBUOCHOU TOU €I00UC I ETIAEKTIKA TOUAAXIOTOV €VOG

TIANBuGOL oty KABE pia amno Tig €L (6) KUpLleg opdAdeg TTANBUCHWY, i) Tautortoinon tou
YEVETIKOU TIPOdIA Tou TANBUGHIOL otnv PoddTtn (Adoog PpakTol) Kat GUCXETLON AuToU e
€Keivo AWV TIANBUGHIWY ToU WBiou 1 dladoPETIKWY LTIOEWBWY Tou Bopelou ayployidou
(rux. R. r. rupicapra kau R. r. carpatica), iii) Tautortoinon Tou yevetkol TipodiA Kal Twv
LOLAUTEPOTHTWY TOU TANBUCHoU Tou £idouc oto 6poc OAupTIOC.

mAGBEVEIEG KAL TPAUUATIOUOL, OXE0ElC Pe BNpeuTeC i) Zuvtagn 2xediou kataypadnq
acBevewv tou €idoug, i) Evépyeleg dldyvwong kat arocadpriviong tng udlotapevng
acbBévelag pe epdavr) CUPTITWHATA OTO OEPHCA- TPIXWHA TWV ATOHWY TOU £idoug, N oroia
&xel evroruotel otnv Xapddpa tou Awou otov TTANBUCHO Tou 6poug TUHDN, iii) ZUvtaén
>xediou ApEeonC TIAPEUBAONC OE TIEPITTTWON EVIOTICHOU TPAUHATICHEVWY I APPLICTWV I
VEKPUWIV ATOPWV TOU €ldouc, iv) MeAETn dlepelvnonG OxEosWV PETASL ayployidou Kat
AUKOU.

Oeopko TAaioo (NopoOeaoia Kat TTOATIKR)

sArtocadrvion udlotduevng vouoBeoiag kal potdoslc BeAtiwong: i) Z0vtaén €kBsong
avadoplkd pe Tnv udlotdpevn vopoBeaoia yia To €idog Kat TipoTAoEeLC BeAtiwong autng, i)
J0vtaén ékBsonc avadopikd Le T Xprion supnuAatwy yeveTikoL LAKoU (DNA) oe
TIEPUTTWOELC, TIAPAVOUNG Brpeuonc, iii) ZUvtaén €kBeong yia To NAEKTPOVIKO EYKANUCL.
Aacadrivion Tou KaBEoTWTOCTIOU SLETIEL TO NAEKTPOVIKO EYKANUQ, iv) AlaTtUTiwon 0dnywv

V1AL TNV artoduyn apvNTIKWYV ETIITIWOEWY OTO aypLoydo sfattiag EIOIKWY TPOTIOTIOU CEWY
OTn £THoLa PUBULON TNE BPACAGYW TNE AVENCNG TOU aypLOXOLPOU.



Chapter 1. General Introduction

The Balkan chamois

General Information

The Balkan chamois (Rupicapra rupicapra balcanica) represents one of the seven subspecies of
the Northern chamois in Europe and occupies the southernmost part of its distribution.
Approximately 9,000 individuals live across nine Balkan countries: Greece, Croatia, Bosnia and
Herzegovina, Serbia, Montenegro, North Macedonia, Kosovo, Albania, and Bulgaria (Corlatti et al.

2022a). Across its range, the subspecies faces several major threats that include the absence of
coordinated cross-border management, competition with livestock, interbreeding with Alpine
chamois (R. r. rupicapra), habitat loss, and poaching (Corlatti et al., 2022c).

The European Union lists the Balkan chamois in Annexes Il and IV of the Habitats and Species
Directive. In Greece, its national conservation status is U2 (Anderwald et al., 2021a), and the Greek
National Red Data Book classifies it as Near Threatened (Legakis & Maragou, 2009). Greek
legislation fully protects the subspecies, and hunting has remained banned nationwide since 1969
(Law 86/69). A great part (73,5%) of the Balkan chamois range in Greece overlaps with Natura 2000
sites, either Sites of Community Importance or Special Protection Areas.

The Greek Ministry of Environment launched species monitoring in 2014 for taxa listed in Annex 17
of Directive 92/43 EU (EEA 2019), which includes the Balkan chamois. The National Action Plan for
the subspecies has been completed, but not yet implemented (Papaioannou, 2021).

Distribution and population status in Greece
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Fig. 1.1 Distribution range of the Balkan chamois in Greece accordingto IUCN (Anderwald et al., 2021a)

The Balkan chamois population in Greece includes approximately 1,300 to 1,800 individuals that
live in 30 subpopulations, with an increasing national trend (Anderwald et al., 2021a; Papaioannou,
2021). The IUCN range of the species in Greece covers 4,664.5 km? (Fig. 1.1) (Anderwald et al.,
2021a).

Main threats in Greece

The three most important threats for the Balkan chamois in Greece are poaching, road
infrastructure, and disturbance from hunting of other species (Papaioannou, 2021). Other threats
are competition with livestock/overgrazing, tourism and mountain sports, climate change, mining,
genetic isolation, and lack of cross border coordination (Papaicannou, 2021). Table 1.1
summarizes the main threats affecting the Balkan chamois in Greece and their assessment based
on the results of this PhD thesis.
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Table 1.1 Threat types of the Balkan chamois in Greece across study areas, indicating presence (+)
orabsence (-) of each threatin the study area, together with the overallimpact of each threaton the
Balkan chamois as inferred from the results of this PhD thesis

Threat Olympus Oiti Pindos Impact

Poaching + + + NA
Infrastructure + + + Negative
Hunting of other species - + + Negative
Livestock + + + Negative
Tourism + - + Positive

Climate change + - - NA

Mining - + - NA

Genetic isolation + - - NA

Lack of cross-border coordination - - + NA

NA: Not Assessed

PhD thesis outline

Chapter1

Presents a general introduction to the Balkan chamois in Greece.

Chapter 2

Investigatesthe seasonalhome range and habitat selection of the Balkan chamois on Mt. Olympus.
We attempted to: (a) delineate the seasonal and annual range and the respective core areas of the
Balkan chamois on Mt. Olympus, (b) estimate its population size and demography, (c) explore the
environmental, and (d) human-disturbance factors that drive its seasonal habitat selection
process, and finally (e) interpret our findings under a climate change and conservation perspective.

Chapter 3

Investigates the seasonalhome range and habitat selection of the Balkan chamois on Mt. Oiti, while
also evaluating the potential impact of the renewable energy infrastructure. We aimed to: (a)
explore the annualand seasonal ranges, including core areas frequently used by the population (b)
pinpoint the key factors shaping suitable habitat and deliver a habitat suitability map, (c) explore the
habitat preferences of the species, and (d) assess the impact of planned renewable energy
infrastructure on chamois habitat.

Chapter4

Aimed to provide a systematic overview and meta-analysis of the chamois' home range size and
habitat selection, with the objectives of evaluating existing knowledge, identifying critical gaps,
highlighting key environmental factors influencing the species' ecology, and offering guidance for
future research and conservation efforts. We address the following questions: (a) How well are
different chamois species and subspecies studied regarding their home range and habitat
selection? (b) What are the research trends concerning the methodological tools used for data
collection and analysis of chamois habitat use over the last four decades? (c) What are the home
range and core area patterns of the species? (d) What are the primary factors shaping the habitat
selection of the species according to different methodological analyses?
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Chapter 5

Aimed to i) provide a camera trap-based assessment of activity patterns of the Balkan chamois in

Greece and ii) testwhether chamois exhibited different activity patterns between forested and open
habitats.

29



Chapter 2. Seasonal distribution pattern and habitat selection of the
Balkan chamois on Olympus mountain: Summer heat, hikers, roads

Published in Journal for Nature Conservation

Papakostas, K.; Papaioannou, H.; Apollonio, M.; Kati, V. (2025). Seasonal distribution pattern and
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Abstract

The Balkan chamois (Rupicapra rupicapra balcanica) has a bad conservation status in Greece, and
a national action plan will be implemented by the Ministry of Environment. We explored the
seasonal distribution pattern and ecological preferences of the species on Mt. Olympus by
collecting 1,182 observations of chamois occurrences across four seasonal surveys (2022-2023),
and we estimated its population size (2022). The annual range of the species reached 103 km?
(Kernel Density Estimator). We recorded the smallest seasonal range during autumn (rutting
season), then in summer, and the largest in winter. The species followed the Mediterranean
seasonal range use pattern, implying that summer is the stress period due to drought. The
population size was c. 430 individuals, showing an increasing trend, but the fecundity rate was low
in 2022. The Ecological Niche Factor Analysis (ENFA) showed that chamois preferred areas near
hiking trails throughout the year, likely being habituated with visitors, while avoiding motorized
roads, as adopted behaviors of poaching risk minimization. It also favored rocky areas and proximity
to escape terrains during spring and winter. This work provides hew methodological insights for
habitat mapping and escape terrain definition (slope steepness and extent) and supports the
suggested measures of the national action plan for implementing a roadless and road control
policy, securing water availability in arid mountains, implementing a management plan for tourists,
abating poaching and enlarging the hunting banning zone.

Keywords

Conservation; global warming; habitat selection; Mediterranean mountains; Rupicapra rupicapra
balcanica;tourism.

Introduction

Mountain ungulates show adaptations to live on mountains, often acting as charismatic flagship
species, but they occupy only 5% of Europe, mostly inhabiting protected areas (Linnell et al., 2020).
Their role in the ecosystem is crucial: they serve as prey for large carnivores and carrion for
scavengers, and they shape vegetation composition and soil properties, affecting a cascade of
associated vertebrate and invertebrate species (Linnell et al., 2020). They are mostly threatened by
habitat loss stemming from land use change and land artificialization, but also by harvesting,
human disturbance, and climatic variations, which can affect their movement ecology,
demographics, and foraging behavior (Lovari et al., 2020; Malpeli et al., 2024).

A good knowledge base of the ecological requirements of mountain ungulates and a deep
understanding of the habitat selection process are prerequisites to predicting their distribution at a
fine scale and informing conservation management decisions (Guisan et al., 2013). Habitat

selection is a complex ecological process that involves a continuous trade-off between selecting
habitats that maximize fitness through access to foraging and breeding resources while minimizing

environmental stresses and anthropogenic risks (Northrup et al., 2022). Understanding such a
process is particularly important for protected or threatened species subject to human pressures,
as it informs conservation actions necessary for their survival and population recovery. Habitat
selection is also a critical component in addressing applied ecological issues, such as predicting
the effects of climate change and land-use changes on wildlife populations (Sohl, 2014).
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This paper concerns the Balkan chamois, the southernmost subspecies of the Northern chamois
(Rupicapra rupicapra) in Europe, protected under the European legislation (listed in Annexes Il, IV of
the Habitat Directive 92/43/EEC). It has an Unfavorable-Inadequate status (U1) at the alpine and
continental zones and an Inadequate-Bad (U2) status in the Mediterranean zone, attributed mainly
to the respective bad status of the national population in Greece (EIONET, 2019). The Balkan
chamois forms small and often isolated populations across nine countries (less than 10,000
individuals) in the Balkan Peninsula and six discrete population blocks, including 30
subpopulations in Greece (1,500 individuals) (Anderwald et al., 2021a; Rezi¢ et al., 2022). The
species endorses a rotating seasonal moving pattern. It leaves the forested zone occupied in winter
and gradually moves to higher altitudes in spring as the snow recedes. It inhabits the mountainous
grasslands above the tree line during summer and autumn, while favoring proximity with screes and
steep slopes used as escape terrains for protection (Corlatti et al., 2022b).

The conservation of the species is currently a national priority in Greece, with an approved national
action plan anticipated for implementation soon (Papaioannou, 2021). According to the action
plan, the area of suitable chamois habitats covers 7,409 km? (5.6% of Greece), but chamois
occupies only one-fourth of it (1.5% of Greece), while the habitat quality is still unknown. The
species is subject to a suite of anthropogenic pressures. According to the national action plan,
poaching, the construction of new roads, and human disturbance through hunting act
synergistically and stand at the top of the list. Other pressures include competition with livestock in
the mountainous pastures, tourism, mining, genetic isolation, and global warming (Papaioannou,
2021). Some of the pressures, such as poaching, hunting disturbance and competition with
livestock are common with the Bulgarian’s action plan, which additionally considers as threat feral
dogs and hybridization with other subspecies (Avramov & Valchev, 2010). The impact of tourism
and of global warming on the species in Greece worths investigation. The presence of hikers and
recreational activities can adversely affect wildlife in multiple ways (Wolf et al., 2019), such as
disturbing natural behaviors, increased stress and habitat displacement. As the species inhabits
high-elevation environments, it is particularly vulnerable to climatic variations that are expected to
result in substantial habitat loss in the future (Salas et al., 2018; Sony et al., 2018). Climate change
canfurtherimpact chamois populations by altering their distribution and reducing the availability of
suitable habitats , by decreasing the body mass and survival rate in young chamois (Chirichella et
al., 2021; Masoero et al., 2024), and by increasing the intraspecific conflicts due to heightened
competition for limited resources (Fattorini et al., 2023).

Our work focused on the Balkan chamois population on Mt. Olympus, the oldest National Park of
Greece (1938) that hosts the second largest population of the country (30% of the overall
population), recently found to be a genetically differentiated population from the other five main
population blocks occurring in the country (Papaioannou et al., 2019). In this paper, we attempted
to: (a) delineate the seasonal and annual range and the respective core areas of the Balkan chamois
on Mt. Olympus, (b) estimate its population size and demography, (c) explore the environmental,
and (d) human-disturbance factors that drive its seasonal habitat selection process, and finally (e)
interpret our findings under a climate change and conservation perspective. Besides increasing the
knowledge base on the species ecology, we aimed to provide further evidence guiding the
implementation of the action plan of the species at a local and national scale and hence contribute
to the improvement of the Balkan chamois status at a European scale.
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Materials and methods

Study area

The study area is located on Mount Olympus in central Greece (40°5'8"N, 22°21'31"E), covering an
area of 248 km?>. Itincludes 86% of Olympus National Park’s extent (Fig. 2.1). It was the first national
park in the country and is currently a Natura 2000 site (GR 1250001) managed by the Natural
Environment and Climate Change Agency (Management Unit of Olympus National Park). It is a
mountainous area, from 297 mto 2,918 m, with an average altitude of 1,650 m and 84% of its extent
above 1,000 m. The geological bedrock consists mainly of limestones (99%), inhibiting water
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Fig. 2.1 Study area: Survey transects (2022) in the study area on Mt. Olympus across the main vegetation types

retention and rendering the mountain arid, without permanent water sources above 1,100 m. The
climate is Mediterranean at lower altitudes and temperate to intermediate to higher ones, with
show covering areas above 2,000 m from late October to late May (Strid, 1980). The annual
precipitation is 841 mm. The temperature ranges from -13.5 °C (average of minimum values:
January) to 33.8 °C (average of maximum values: July) (Data from Agios Dimitrios Meteorological
Station, 881 m: 2020-2022). Four major vegetation zones were encountered (Strid, 1980): (a)
evergreen—sclerophyllous Mediterranean scrub (300600 m), (b) mixed beech and montane
coniferous forests (700-1,500 m), (c) cool temperate coniferous forests (1,500-2,500 m) and (d)
alpine meadows (2,500-2,918 m). Mt. Olympus hosts a rich flora and fauna, including chamois
natural predators such as the grey wolf (Canis lupus), the brown bear (Ursus arctos), the red fox
(Vulpes vulpes), and the golden eagle (Aquila chrysaetos) (Bousbouras et al., 2022). Besides the
Balkan chamois, other ungulate species that inhabit lower altitudes are the roe deer (Capreolus
capreolus) and the wild boar (Sus scrofa). Mountainous tourism, including nine mountain refugees,
is the main human activity in the area (hiking, mountaineering, climbing, trail running). Hunting and
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livestock breeding (cattle) are allowed only in a small part of the study area outside the National
Park.

Chamois surveys

We considered four seasons according to chamois biology (Pepin et al., 1992): spring (including
parturition period, 10/03-09/06), summer (warm period, 10/06-09/09), autumn (rutting period,
10/09-09/12), and winter (cold period, 10/12-09/03). We conducted six survey transects, totaling
70 km per season, in conjunction with a set of vantage points along them to represent the main
habitat types and the elevation gradient (Fig. 2.1). We used binoculars and a telescope to collect
observations, and a GPS device to georeference them, while noting the habitat type of the
observation occurrence. The dataset included direct (animals) and indirect (pellets, tracks)
observations. Considering the level of visibility (absence of trees) across the survey transects, the
estimated area scanned was 50 km? (20% of the study area) (Fig. 2A.1).

To update the chamois population size estimation, we counted animals during the rutting period for
five consecutive days in October 2022, using the “pointage flash method” (Houssin etal., 1994). We
noted the date, time, coordinates, number of animals, and sex and age composition for each group:
kids (<1 year), yearlings (between 1-2 years), adult females (>2 years), and adult males (>2 years)
(Catusse, 1996). Duplicate observations of groups with the same composition in nearby localities
as first observed were excluded from the dataset.

Environmental variables

The environmental dataset consisted of nine variables. We computed three topographic variables
at a grid scale of 30x30 m: elevation, Terrain Ruggedness Index (TRI), and Topographic Wetness
Index (TWI), using the European Digital Elevation Model (Copernicus Land Monitoring Service,
Version 3, 2021) and “terra” package (Hijmans et al., 2022). TRI measures the terrain heterogeneity
by calculating the sum change in elevation between a grid cell and its eight neighbor grid cells (Riley
et al., 1999). TWI indicates areas with accumulating water flow, and it is an important tool for
showing the geomorphic complexity of a landslide terrain, also including the pattern of topographic
highs and lows for indicating the dry and wet areas, respectively (Beven & Kirkby, 1979; Rézycka et
al., 2017). We then mapped three habitat typesin the study area: grasslands, forests, and rocks. We
used high-resolution satellite imagery (Copernicus Open Access Hub, Sentinel 2, 2022) and
classified the habitats into the three types by training the algorithm of the classification tool in the
Geographic Information System (GIS) with 50 polygons per habitat type. We finally calculated three
distance metrics, measuring the closest distances of chamois observations from (a) escape
terrain, (b) roads (paved and unpaved), and (c) hiking trails. We defined as escape terrain the
polygons satisfying a steep slope above 45° and an area above four grids (>2,500 m?). We
considered the road network in the study area (138 km of roads) (data from Biodiversity
Conservation Lab used to define the national roadless map (Kati et al., 2023b) and the network of
hiking trails (305 km of trails) (Hellaspath, 2022). We used the “distanceto” package (Miller et al.,
2019)in Rfor all distance calculations.

Data analysis

Calculations of data treatment and analysis were performed using Arc GIS Pro (version 3.2, 2023)
and R program (version 4.3.0) (R Core Team, 2023).

34



Seasonal and annual range

For the seasonal and annual ranges of the population, we performed Kernel Density Estimates
(KDE) to map the utilization distribution of the species using the “adehabitatHR” package (Calenge,
2006). We determined chamois seasonal and annual ranges using the 95% Fixed Kernel density
estimation, whichimplies a probability of species occurrence in its range greater than 95% (VWorton,
1989). We also used a precise ecological model of spatial utilization to objectively delineate core
areas, namely areas of intense use within which an animal spends a maximum amount of time
(Vander Wal & Rodgers, 2012).

Population density and demography

To estimate the chamois population density on Mt. Olympus, we divided the number of individuals
by the annual range of the species. We also estimated the ratio of males/females (sexratio) and the
ratio of kids/females (fecundity rate).

Seasonal habitat selection

We used the Ecological-Niche Factor Analysis (ENFA) (Hirzel et al., 2002), to explore the seasonal
habitat preferences of the species versus available habitat (nine environmental variables). The
ecological niche of the species consists of two components within the ecological space:
marginality and specialization. The marginality measures the differentiation of the average
conditions in the habitat used compared to available conditions in the study area. The
specialization measures the niche breadth of the habitat used and reflects the species’ tolerance
for changes in environmental conditions. We included all variables in the model (Spearman’s |r| <
0.75), and we used all direct and indirect observations per season as presence points (utilized
habitats) and a set of 1,182 random points across the study area (available habitat). We finally
identified the degree to which every variable contributed to the marginality and specialization in
terms of their respective contribution score to the corresponding axes. Statistical significances
were tested with the Monte-Carlo randomization procedure (1,000 iterations). For the analysis, we
used the “adehabitatHS” package (Calenge, 2011b).

Results

Our chamois dataset included 1,182 observations collected during the seasonal chamois surveys
(48% direct observations of animals and 52% of tracks and pellets) (Appendices, Table 2A.1).

Seasonal and annualrange

The annual range of the Balkan chamois on Mt. Olympus covered an area of 103 km?, accounting
for 42% of the study area, and the merged area of all seasonal ranges was 242 km? extending over
the study area (Table 2.1, Fig. 2.2). The annual core area was 33 km?(13% of the study area).
Chamois presented the smallest seasonal range in autumn, followed by summer and then spring,
and the largest seasonal range in winter-the same pattern applied to the respective core areas
(Table 2.1, Fig. 2.2).

Table 2.1 Seasonal and core area ranges and seasonal habitat description in terms of average
values of environmental variables and frequency (%) of observations per season, of the Balkan
chamois on Mt. Olympus. The range of values is also provided for the study area
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Variable Spring  Summer Autumn  Winter Annual Studyarea
Seasonal ranges (km?) 140.3 86.2 432 201.2 103 -
Core arearanges (km?) 51.4 43.5 35.6 51.8 33.4 -

Elevation (m) 2,050 2,448 2,459 1,823 2,141 297-2,918

Forest (%) 38.4 24 0.1 51.5 25.8 55

Grassland (%) 36 78.4 78.1 25.1 51.6 27

Rocks (%) 25.6 19.2 21.7 234 22.475 10

Terrain Ruggedness Index 8.06 7.48 6.45 10.31 8.38 0-695

Topographic Wetness Index 44.4 56.49 61.25 42.81 52.03 0-255
Distance from road (m) 1,879 1,830 2,560 1,228 1,894 -
Distance from trail (m) 31 174 134 81 107.5 -
Distance from escape terrain (m) 256 400 495 314 404.5 -

a) Spring range: 140.3 km?

b) Summer range: 86.2 km?
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c¢) Autumn range: 43.2 km? d) Winter range: 201.2 km?

Study arca Core arcd]
—/ i
[Olympus National Park ~ Range
Fa

bservations

t

Fig. 2.2 Seasonal ranges and core areas: Seasonal ranges (yellow) and the respective core areas (blue) based

on chamois observations in 2022-2023 on Mt. Olympus, concluding with the annual range (and the merged
seasonalrange)

Population size and demography

We counted 430 individuals during the autumn survey (2022). The population density was 4.2
individuals/km?. The greatest proportion of the population was adults (71%), followed by yearlings
(16%) and kids (13%). The ratio of males/females was 0.35, and the fecundity rate was 0.16.
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Seasonal habitat selection

The Balkan chamois used habitats ranging from 1,300 m to 2,722 m in the study area (Table 2.1).
The results of the ENFA analysis revealed that Balkan chamois exhibited distinct seasonal
preferences in response to the available habitat on Mount Olympus (p < 0.001) (Table 2.2). It
showed a clear preference for higher elevations across seasons, preferring higher altitudes in
summer and autumn (marginality values > 0.47) and did not tolerate changes in this pattern
(specialization values >0.51) (Table 2.1, Table 2.2, Fig. 2A.2). The species also consistently
preferred to be near hiking trails, mainly in winter and spring. On the other hand, it constantly
avoided roads, but less so in winter. The Balkan chamois preferred grassland areas and avoided
forested areas during summer and autumn, and areas with rocky terrain in proximity to escape
terrain during spring and winter. The escape terrain extended over an area of 9.3 km?in the study
area (4%) (Fig. 2A.3). At fine scale (30 m grid), the Balkan chamois showed a slight preference for
localities with milder topography (TRI marginality values), not tolerating changes to this pattern
(specialization values >0.51). The wetness of the terrain (TWI) had a limited role in the habitat
selection pattern of the chamois (Table 2.2).

Table 2.2 Habitat selection of the Balkan chamois on Mt. Olympus, according to Ecological Niche

Factor Analysis
Spring Summer Autumn Winter
Code Variable M S M S M S M S

E Elevation 0,36 025 0,51 0,50 047 -063 0,25 0,41
F Forest -0,15 0,36 -0,52 0,40 -048 -048 0,70 0,30
G Grassland 0,22 0,06 0,47 -0,12 040 -0,09 0,02 0,11
R Rocks 0,35 012 0,22 -0,01 0,799  -0,01 0,46 0,17
TRI Terrain Ruggedness Index -0,19 0,51 -0,16 0,75 -0,19 -0,61 -0,14 0,78
TWI Topographic Wetness index -0,13 0,11 0,09 -0,09 0,14 -0,07 -0,24 0,10
Dr Distance from road 0,49 0,21 0,30 -0,05 0,47 0,00 0,14 -0,21
Dt Distance from trail -0,56 0,65 -0,26 -0,02 -0,29 0,01 -0,71 -0,03
De Distance from escape terrain -0,28 0,22 -0,10 -0,03 -0,01 -0,04 -0,33 0,22

M: marginality, S: specialization.

Discussion

Methodological insights and limitations

In our study, we used high-resolution imagery and trained an algorithm to map three main habitat
types on Mt. Olympus reliably, with the help of GIS. We suggest using this approach to map habitats
locally in the case that other cartographic backgrounds, such as the maps of land uses of Corine
Land Cover (European Environment Agency, 2023) or NATURA 2000 habitat maps (EIONET, 2019),
are unreliable or too coarse for fine-scale habitat selection studies. The habitats identified during

fieldwork aligned with the habitats mapped by the algorithm. We also introduced a new concept for
escape terrain definition, adding the parameter of the extent of the terrains of steep slopes to the
single parameter of slope steepness used so far (Bhattacharya et al., 2022; Khan et al., 2016;
Sarmento & Berger, 2020). We suggest considering a threshold of minimum area of cliffs and steep
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terrains (>45°) of at least 2,500 m? to define and map the escape terrains in chamois habitats,
securing adequate protection for the species. In absence of telemetry equipment, we used the
number of observations to delineate the seasonal ranges and respective core areas of intense use
atthe population level. However, chamois movement ecology should be explored at the individual
level (GPS-tagged animals), allowing the delineation of individual home ranges and a more accurate
delineation of the areas of intense use at both individual and population levels.

Annualrange

We found that the annual range of the Balkan chamois on Mt. Olympus was extended (103 km?) as
compared to other Greek mountains (65 km?on Mt. Timfi (Kati et al., 2020) and 55 km?on Mt. Giona
(Papaioannou et al., 2015)), indicating a large extent of suitable habitats for the chamois in
combination with the low disturbance on the species.

Mediterranean seasonal range pattern and global warming

Our analysis showed that the smallest seasonal range was observed in autumn. This was expected,
as autumn is the rutting season and the chamois presents an aggregative pattern for reproduction
(Corlatti et al., 2022b). However, we found that summer was the second season with the smallest
range and core area and not winter as is widely evinced for European populations (Crampe et al.,
2007; Garcia-Gonzalezetal., 1992; Nesti et al., 2010), including one in Greece (Kati et al., 2020). The
typical “Continental” seasonal distribution pattern known so far for European chamois populations
implies that the species searches for microhabitats of milder climatic conditions and greater food
availability to cope with the harsh winter conditions, explaining the restricted seasonal range of the
species during this period. Winter is considered the stress period for the species, characterized by
low forage quality of food resources (Corlatti et al., 2023) and increased kid mortality (Gonzalez &
Crampe, 2001). On the other hand, the inverse “Mediterranean” seasonal pattern implies that
summer is the stress period; animals retreat to cooler microhabitats at higher altitudes, near ice
remnants or northern-facing slopes, searching for fresh, palatable grass resources of higher forage
quality and hence presenting a restricted summer range. This pattern has been reported for the first
time for the southernmost Greek chamois population on Mt. Giona (Papaioannou et al., 2015), and
Mt. Olympusillustrates the second case. Drought substantially affects Mt. Olympus: it has no lakes
and streams above 1,000 m and presents low annual precipitation (841 mm) due to the rain shadow
phenomenon, as compared to other mountains in the west (Mt. Timfi: 1,191 mm) or the south (Mt.
Giona: 1,560 mm).

We believe other chamois populations might change their seasonal range pattern from Continental
to Mediterranean, with the populations in the Mediterranean being most likely to follow it due to
global warming. The Mediterranean basin experiences already increased drought (Toreti et al.,
2024), and summer warming is expected to exceed the global mean by 40%, associated with high

temperatures and heat waves, while a reduction of summer precipitation by 10-15% is predicted

for an atmospheric temperature increase of 2°C (Cramer et al., 2018). Drought is known to reduce
forage nutritional value in terms of higher plant C:N ratios and lower fiber digestibility (Arroyo et al.,
2024), increasing the stress metabolites of chamois during summer (Corlatti et al., 2023). To survive
the new conditions, chamois in warmer climates might adopt a strategy of shifting their summer
range to higher altitudes, as is the case with the Southern Chamois (Rupicapra pyrenaica ornata)
(Lovari et al., 2020) and restricting it to cooler microhabitats with higher forage quality according to
the Mediterranean pattern. Other Northern chamois populations might also shift their range to
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higher altitudes and lose a substantial part of their suitable habitat by the end of the 21% century
(Hoste et al., 2024). A second strategy might be to remain in the forested zone or select
microhabitats with denser tree cover and northern-facing slopes during summer for better
thermoregulation (Anderwald et al., 2024). In Greece, chamois have been observed during summer
to drink water from the rivers at the bottom of forested river gorges (Aoos and Aracthos gorges),
indicating that some animals prefer to remain in forested zones with water availability and avoid the
usual annual altitudinal migration (Kati et al., 2020). Another strategy could be to adopt a more
nocturnal behavior to avoid extreme temperatures, shifting their activity peak earlier in the morning
andincreasingtheir activity at night (Thel et al., 2024). Inany case, the responses of animals to global
warming are unknown and might be adapted to the different conditions across the European
mountains, depending on the trade-offs between thermoregulation, foraging, water availability,
interspecific interactions, and human disturbance (Anderwald et al., 2024; Anderwald et al., 2021b;
Mason et al., 2014b; Thel et al., 2024).

Population size and demography

According to our findings, Mt. Olympus continues to host the second-largest population of Greece
(c. 430 individuals) after the population of Mt. Timfi (c. 469 individuals) (Kati et al., 2020;
Papaioannou, 2015). The population might be slightly larger, when considering potentially missing
males staying in the lowland forests during the rutting season (Nesti et al., 2010). It accounted for

about 30% of the national population size, which reaches 1,548 individuals (range 1,330-1,765ind.)
(Papaioannou, 2021). The population density on Mt. Olympus (4.2 individuals/km?) lay between the
population densities on Mt. Giona (2 individuals/km?) (Papaioannou et al., 2015), and Mt. Timfi (7.2

individuals/km?) (Kati et al., 2020). It is lower than other Balkan chamois populations (Croatia: 17-
21 individuals/km?) (Kavcic et al., 2021a) or other alpine chamois and isard populations reported
from European mountain chains (12 to 31 individuals/ km?) (Allainé et al., 1991; Boschi & Nievergelt,

2003; Corlatti et al., 2013) underlying the perspectives for local population growth. On the other
hand, our findings showed a doubling of the species’ population size compared to the year 2015,
confirming the constant increasing population trend over the last 25 years (Adamakopoulos et al.,
1997; Papaioannou, 2021).

Our results showed that the sex ratio of Balkan chamois population on Mt. Olympus was notably
skewed in favor of females (0.35), as compared to the population on Mt. Timfi (0.63-0.80) or to Mt.
Giona, where the sex ratio was balanced (1.05) (Kati et al., 2020; Papaioannou et al., 2015), in line

with other chamois populations in Europe (Bocci et al., 2010; Herrero et al., 2002). This could be

explained by the fact that some males may remain in the lower forested habitats during the rutting
season, making them less detectable during autumn surveys (Nesti et al., 2010). Another plausible

explanation could be that poachers avoid killing females and rather select males, to avoid the
population crash.

The ratio of kids/ females was notably low on Mt. Olympus (0.16), being lower than on other Greek
mountains and lying outside the typical range for the species (0.55 to 0.85) (Allaine et al., 1990;

Garcia-Gonzalez, 1989; Salzmann, 1977). It is unknown whether the low ratio was incidental for
2022 or indicates a forthcoming trend of deceleration of the population increase. It could be the
outcome of low mating success, or it could reflect a high rate of kid mortality due to higher predation
or summer aridity stress. Drought led to high kid mortality in mouflon (Garel et al., 2005) and high
spring-summer temperatures can reduce chamois yearling body size, likely due to decreased
forage quality and availability (Rughetti & Festa-Bianchet, 2012). Preliminary results on the
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demographic parameters of the species on Mt. Olympus confirm the low ratio of kids/females
(0.16) in 2022 and report 15% of summer kid mortality (Papaioannou et al., 2022).Further research
is recommended on the mating behavior and kid mortality drivers of the species on Mt. Olympus as
well as a systematic monitoring of its population trend.

Seasonal habitat selection vs environmental factors

We found that the animals selected higher elevations on Mt. Olympus throughout all seasons
(Table 2.2). They followed the typical seasonal migration pattern: moving to higher altitudes in
spring in search of better quality grass, occupying gradually the highest available habitats during
summer and autumn, and moving again to the lower altitudes in forested zones in winter (Ballo,
2010; Pepin et al., 1992; Trepet & Eskina, 2013).

We also showed thatthey tended to use rocky areas and areas close to escape terrain during spring

and winter (Table 2.2), given that rocky areas are usually related to escape terrains. The latter
remains an important factor for the habitat selection of chamois, offering the possibility of escape
from predators (Elsner-Schack, 1985). Foraging in areas near escape terrain during spring is a
common strategy for female ungulates because ofthe vulnerable offspring (Aycrigg et al., 2021; Bon
etal., 1995; Hamel & Cote, 2007). The proximity to escape terrain during winter could be attributed
to the greater expected poaching activity this season due to the easier accessibility in the lower
forested zone and the reduced number of hikers. On the other hand, the proximity to escape terrain
was less pronounced during summer and autumn (400-500 m distance) (Table 1) due to the
habituation with hikers.

Furthermore, we found that chamois preferred grassland areas above the tree line during the
summer and autumn seasons and preferred the forested zone in winter, consistent with the
species’ ecology (Corlatti et al., 2022b). However, the preference for forests during winter was less
pronounced than in other parts of Europe, where forests function as refuges from extreme weather
conditions (Anderwald et al., 2024; De Frenne et al., 2019), which might hot be thatimportantin the
mild winters of the Mediterranean mountains. The species seems to start the upward movement
above the tree line early, as soon as the snow melts, explaining the slight preference for grasslands
overforestin springtime.

Finally, we found that the Topographic Wetness index had higher values during summer and
autumn in the localities used by chamois (Table 2.1), although it was not an influential factor in the
habitat selection model. In the case of Mt. Olympus, the index does not reflect water availability in
the form of permanent water points due to the limestone bedrock of the mountain, but it might
reflect more humid microhabitats. Chamois may favor more humid localities in the search for fresh
grass, as animals rely heavily on dew-covered grass in the mornings and residual snow formations
to meettheir water requirements. Further research is recommended on the impact of forage quality
and its water content on the distribution pattern of the species.

Seasonal habitat selection vs anthropogenic disturbance

Habituation with hikers

Our modelclearly showed that chamois preferred areas near hiking trails throughout the year. There
is no bias from data collection along hiking trails because we conducted a great part of the transects
away from hiking trails, and the air distance of chamois observations across transects ranged
between 10 m and 3,000 m. The same results for hiking trail preference were obtained when running
the ENFA by excluding indirect observations collected only across hiking trails. Notably, this is the
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first time that such a strong preference is recorded for chamois, as hiking usually has adverse
effects on wildlife (Peters et al., 2023). Several herbivore species change their space use
(Lesmerises et al., 2017; Thiel et al., 2008) or shift their daily activities (Marchand et al., 2014; Peksa
& Ciach, 2018) to avoid hiking and skiing. Recreational activities can negatively affect animal

behavior (Rosner et al., 2014), as observed for mountain goats in ski areas (Richard & Céte, 2016).
However, in some cases, chamois are reported to increase their tolerance to human activities by
decreasing their vigilance behavior in areas with high levels of hature-based tourism (Schuttler et
al., 2017), butthe persistence of this behavior can also be fatal during the hunting period (Blumstein,
2016; Courbin et al., 2022) or against predators (Geffroy et al., 2015). In the case of Mt. Olympus,
hunting is prohibited, but chamois poaching incidences have been recorded. We attribute this
preference for proximity to hiking trails to the discouraging role of hikers’ presence in poaching
activity. Hiking trails seem to indirectly offer protection from poaching to the species, which is
considered the top threat (Papaioannou, 2021), while they could also offer lower mobility costs to
the species in terrains of harsh topography. We could also hypothesize that hiking trails offer
protection against other predators, such as the grey wolf on Mt. Olympus, but this does not seem
to be the case. Wolves show a preference for forest roads and gentler slopes in Greece, like those
of hiking trails and they avoid humans not spatially, but by adopting a nocturnal behavior in areas of
high human disturbance (Petridou et al., 2023).

Road avoidance pattern

We found that the chamois consistently avoided roads on Mt. Olympus, apart from wintertime
(Table 2.1, Table 2.2). This pattern was reported for Mt. Timfi, where the species concentrated in
the most remote parts of the mountain, away from roads and villages, to avoid poaching and human
disturbance (Kati et al., 2020). The species did not need to avoid roads during wintertime on Mt.
Olympus, as most upland forest roads are inaccessible due to snow cover. New road construction
can diminish habitat area and quality while increasing human disturbance, and ungulates typically
tend to avoid road infrastructure across various ecosystems worldwide (Bleich et al., 2009; Lian et
al., 2012).

Conservationimplications

The primary threats of the Balkan chamois are poaching, competition with livestock, interbreeding
with Alpine chamois (R. r. rupicapra), habitat loss, and insufficient cross-border coordinated
management (Corlatti et al., 2022c). The National Action Plan for the Balkan chamois in Greece
(Papaioannou, 2021) is aligned to a great extent with Bulgaria's national action plan (Avramov &
Valchev, 2010), and addresses these threats along with additional challenges specific to Greece. It
suggests seven main conservation measures, each of which is further divided into various
subcategories: population conservation and enhancement, habitat conservation and
improvement, conservation and expansion of the distribution range while limiting fragmentation,
legislation and policy development, monitoring and research initiatives, public awareness, and
international cooperation.

Our work provided further evidence supporting the implementation of the action plan. First, our
study corroborated the road avoidance pattern of Balkan chamois in Greece, supporting the three
suggested measures of the action plan related to the control of the existing roads that give access
to the habitats of the species, the maintenance of roadless areas and the discouragement of land
consuming projects in the distribution range of the species. Banning road and artificial land
generation in remote mountainous ecosystems has already been implemented in nine mountains
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of Greece (Kati et al., 2023b; Kati et al., 2022), already benefiting four chamois populations

occupying these mountains. Preserving the habitats of the species as roadless areas or as non-go-
to areas for development projects is of primary importance, given the recent rapid development of
wind-energy investments in protected areas and mountainous ecosystems in the absence of
sustainable spatial planning (Kati et al., 2021b), which is expected to lead to rapid land
artificialization and habitat loss for montane species (Kati et al., 2023a). We call for prioritizing this
measure when implementing the chamois action plan (Papaioannou, 2021), as a flexible, non-

expensive, and efficient measure that would greatly favor the species population nationwide.
Second, our findings on the Mediterranean range use pattern linked to the summer aridity stress
support the suggested measure of securing water availability to chamois populations through the
maintenance of natural sources and water points or the generation of artificial waterholes
exclusively for wildlife in arid mountains. Such interventions would reduce the drought stress for the
species while likely generating more humid microhabitats of greenervegetation locally. They should
be implemented as a priority in the most arid mountains occupied by the species such as Mt.
Olympus.

Third, we showed that hiking does not seem to be a problem for the chamois population on Mt.
Olympus, discouraging poaching. Nature-based tourism in protected areas, with activities such as
hiking and skiing, has greatly increased in recent years (Balmford et al., 2015), but the number of
hikers in Mt. Olympus is reported to be very high but never assessed. We underline the value of
implementing coordinated actions for managing the recreational activities in the core habitats of
the species, as suggested in the action plan. Avisitor management plan should be implemented on
Mt. Olympus, assessing, monitoring, and controlling the number of hikers, while promoting public
awareness of non-disturbance rules for chamois and its habitats.

Fourth, our results showed that Mt. Olympus holds extended adequate habitats for chamois, as the
species presents an extended annual range, but its population size is comparatively low. The
perspectives for further population growth are positive, but well-coordinated actions are needed,
targeting the reduction of poaching and the enlargement of the hunting banning zone to cover the
merged seasonalranges, in line with the suggested measures of the action plan for the preservation
of the distribution range of the species (Papaioannou, 2021).

Finally, further research is recommended for the mating behavior and kid mortality drivers of the
species on Mt. Olympus to elucidate the low fecundity rate recorded, for the impact of global
warming on forage quality and water content of feeding sources of the species, as well as a
systematic monitoring of its population trend. The implementation of conservation measures for
Mt. Olympus is of primary importance, given the Olympus population is isolated and genetically
differentiated, forming one of the six chamois population blocks in the country (Papaioannou et al.,
2019).

Conclusions

The current work contributes new ecological and methodological insights for the implementation
of the national action plan to improve the conservation status of the Balkan chamois in Greece. We
suggest the use of high-resolution imagery and algorithm training for the mapping of chamois
habitat types, and the consideration of both slope steepness and extent in the definition and
mapping of the escape terrain of the species at a national scale. The Mediterranean range use
pattern found on Mt. Olympus implies that the stress period for the Balkan chamois in arid
mountains is summer and not winter and we call for further research on the effects of global
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warming in Mediterranean chamois populations. The strong road avoidance pattern and the
preference for proximity to hiking trails are both considered tactics of the species for poaching risk
minimization. The habitat selection results were in line with the species ecology, following the
typical seasonal migration pattern, and favoring proximity to escape terrain, though its dependence
on forests seems to be less pronounced during the cold season. This piece of work fully supports
the conservation measures suggested by the national action plan.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

Acknowledgments

We thank L. Papakostas, G. Filis, A. Pappas, K. Alexopoulos, and A. Nikas for their precious help
during the fieldwork and the collection of the data. We also thank L. Sidiropoulos for his valuable
advice on the seasonal range analysis.

Funding

The Hellenic Foundation for Research and Innovation (HFRI) supported the work of K.P. under the
4" Call for HFRI Ph.D. Fellowships (Fellowship Number: 10577).

CRediT authorship contribution statement

Konstantinos Papakostas: data curation, formal analysis, funding acquisition, investigation,
methodology, software, visualization, writing-original draft, writing-review and editing.

Haritakis Papaioannou: investigation, data curation, validation, writing-review and editing.

Marco Apollonio: methodology, writing review and editing.

Vassiliki Kati: conceptualization, methodology, project administration, resources, funding
acquisition, supervision, writing-original draft, writing-review and editing.

Ethics statement

Fieldwork was conducted under the permit of the Ministry of the Environment and Energy
(YNEN/AAA/20036/756, date: 28/03/2022).

Data availability

Due to the protected status of the species, georeferenced data of chamois are sensitive and not
publicly available.

Appendices 2

Table 2A.1 Dataset of Balkan chamois’ observations on Mt. Olympus during the fieldwork

Season Animals Pellets Tracks Total
Spring 9 78 7 94
Summer 124 115 11 250
Autumn 401 252 14 667
Winter 35 110 26 171

Total 569 555 58 1,182
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Fig. 2A.1 Area scanned across transect surveys of 2022-2023 on Mt. Olympus
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Fig. 2A.2 Ecological Niche Factor Analysis (ENFA) biplots for the seasonal habitat selection of the Balkan chamois on Mt. Olympus. Light gray: available
habitat. Dark gray: used habitat. White dot: centroid of the used habitat. E: Elevation, F: Forest, G: Grassland, R: Rocks, TRI: Terrain Ruggedness Index, TWI:
Topographic Wetness Index, Dr: Distance from road, Dt: Distance from trail, De: Distance from escape terrain
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Fig. 2A.3 Escape terrain of the Balkan chamois in Mt. Olympus defined as polygons with a steep slope above 45° and an area
above 2,500 m?

47



Chapter 3. Mapping Balkan chamois habitat use and assessing human
disturbance and renewable energy impacts on Mount Oiti, Greece

Published in Discover Conservation

Papakostas, K., Astaras, C. & Kati, V. Mapping Balkan chamois habitat use and assessing human
disturbance and renewable energy impacts on Mount Qiti, Greece. Discover Conservation 2, 29
(2025). https://doi.org/10.1007/s44353-025-00050-2



https://doi.org/10.1007/s44353-025-00050-2

Abstract

The Balkan chamois (Rupicapra rupicapra balcanica) is a protected ungulate with poor
conservation status in Greece. We conducted seasonal surveys (2023) to collect 652 species’
occurrences on Mt. Oiti (study area: 156 km?). The seasonal ranges and the respective core areas
(Kernel Density Estimates) showed limited size variation and a great spatial overlap, indicating
limited seasonal movements. The suitable habitat (suitability values =0.6) as defined by Species
Distribution Models (SDMs) covered 12.2 km?, with 28% extending beyond the Natura 2000 network
of protected areas. The chamois inhabited forests throughout the year, besides grasslands in the
summer and autumn. The three variables contributing most to the SDMs were related to human
disturbance. The species strongly avoided areas near livestock pens, roads, and hunting grounds.
Three wind power stations are planned; if constructed, the species will lose 17% of its suitable
habitat and could reduce its range. The impact of nine proposed small hydroelectric stations
remains uncertain. These findings emphasize the need to avoid infrastructure and road
construction in suitable chamois habitats, expand protected areas and wildlife refuges, and
manage livestock activities, supporting the implementation of the national action plan for the
species.

Keywords

Rupicapra, Distribution range, Forest, Habitat selection, Habitat suitability, Hunting, Livestock,
Wind Power Stations

Introduction

Human disturbance profoundly impacts wildlife through multiple mechanisms, including habitat
loss and alteration due to infrastructure development, pollution, and climate change. It also directly
reduces population densities through hunting and harvesting, creates anthropogenic landscapes
of fear, and reshapes biological communities by introducing predators or pathogens (Gaynor et al.,
2024). Ungulate species have developed several human-avoidance strategies, including increased
nocturnal activity (Gaynor et al., 2018; Petridou et al., 2023), reduced movement range (Tucker et
al., 2018), and modifications in resource use patterns (Ciach & Peksa, 2019; Gaynor et al., 2024;
Richard & Céte, 2016). Furthermore, human-driven global warming is expected to shrink the range
of mountain ungulates by pushing them to higher elevations or into forests to escape rising
temperatures (Lovari et al., 2020; Reiner et al., 2021).

Gaining a deeper understanding of the ecological requirements of the species vis-a-vis the human-
induced pressures is essential for mitigating threats, and habitat suitability models serve as a key
tool in this effort. These models analyze the relationship between species occurrences and
environmental and human disturbance variables, concluding with mapping the suitable habitat for
the species and pinpointing the key factors shaping it (Guisan et al., 2013). Such predictions provide

valuable insights for conservation management and planning. For example, they can guide
decision-makers to designate protected areas, predict range shifts due to climate change, and
accomplish restoration projects (Angelieri et al., 2016; Rondinini et al., 2005; Salas et al., 2018;
Villeroetal., 2017).
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One species of conservation concern that has been nationally prioritized to benefit from such
conservation actions is the Balkan chamois (Rupicapra rupicapra balcanica). Its global population
is less than 10,000 individuals across nine countries, with 1,330-1,765 individuals in Greece across
30 populations, showing an increasing national population trend (Anderwald et al., 2021a). It is
protected under European legislation (listed in Annexes Il and IV of the Habitats Directive
92/43/EEC), but its conservation status in Greece is poor and classified as Inadequate-Bad (U2)
(EIONET, 2019), despite its hunting prohibition for over fifty years. For this reason, a national action
plan for population recovery has been compiled and approved for implementation (Papaioannou,
2021). According to the action plan, approximately 7,409 km? of Greece (5.6% of the national
territory) qualifies as a potential habitatfor chamois. Still, chamois currently occupy only about one-
quarter of this area (1.5% of Greece), and the quality of these habitats has not yet been evaluated.
Synergistic pressures from chamois poaching, new road construction and hunting of other species

predominate, while additional pressures include competition with livestock in mountainous
pastures, tourism, mining, genetic isolation, and climate change (Papaioannou, 2021).

The current study focuses on the Balkan chamois population on Mt. Oiti, a renowned mountain for
its flora diversity and endemism (Karetsos et al., 2018), hosting a rich fauna (Mertzanis et al., 2016)
and being protected as a National Park since 1966. The mountain is located near Mt. Giona, both
occupyingthe southern part of the Balkan chamois distribution range. A particular “Mediterranean”
seasonal distribution pattern has been reported for Giona, with the population aggregating around
the highest available summits during summer, to overcome the aridity stress imposed by the warm
summer period (Papaioannou et al., 2015). We explored whether this pattern would also apply to
the population of Mt. Qiti, as it is characterized by similar climate conditions of hot and arid
summers and mild winters, but on the other hand, it has more extended forests and permanent
water availability. The population on Mt. QOiti could follow either the “Mediterranean” pattern (stress
period in summer), observed in arid mountains (Mt. Giona and Mt. Olympus) (Papaioannou et al.,
2015; Papakostas et al., 2025b), either the typical “Continental” pattern (stress period in winter)
observed in cooler and more humid mountains (Mt. Timfi) (Kati et al., 2020), or not to undergo any
seasonal stress. We also asked if the population shows forest-dwelling behavior or follows the
typical chamois seasonal rotational movement pattern (Corlatti et al., 2022a). This pattern is
reported for other populations in Greece: animals inhabit lower forested habitats mainly in
wintertime, gradually ascend to open mountainous grasslands above the tree line in summer, and
remain there in autumn during the rutting season (Kati et al., 2020; Papaioannou et al., 2015;
Papakostas et al., 2025b). We aimed to assess the species' suitable habitat on Mt. Oiti, identify key
shaping factors, and pinpoint which anthropogenic pressures outlined in the action plan are
present in the area. Furthermore, we discuss the likely impact of planned new renewable energy
infrastructures (RAE, 2024) and their potential impact on chamois habitats. There is growing
evidence of the cumulative negative impacts of renewable energy infrastructures on wildlife and
natural ecosystems, including direct species mortality, habitat loss, degradation and
fragmentation, deforestation, erosion, noise and light pollution, disruption of hydrological cycles,
and carbon stock loss (Bennun etal., 2021; EC, 2020; Gasparatos etal., 2017). However, the impact

of such renewable energy projects on chamois populations has not been studied, and our
understanding of the impacts on terrestrialmammals in general remains limited (Perrow, 2017). As
the wind energy sector develops fast in Greece, with the country being among the top most
attractive renewable markets globally (EY, 2023), our study serves as a typical paradigm of

conflicting biodiversity vs renewable energy policies that require sustainable spatial planning
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solutions (Kati et al., 2021a). We set four objectives for the case study of the Balkan chamois
population on Mt. Qiti. We aimed to: (a) explore the annual and seasonal ranges, including core
areas frequently used by the population (b) pinpoint the key factors shaping suitable habitat and
deliver a habitat suitability map, (c) explore the habitat preferences of the species, and (d) assess
the impact of planned renewable energy infrastructure on chamois habitat. We finally discuss our
findings from a conservation perspective, in the frame of the national action plan suggested actions
(Papaioannou, 2021).

Methods

Study Area

The study areais located on Mt. Oiti in southern Greece (38°49'43"N 22°17'19"E). It covers 156 km?,
aligning with the species range on Mt. Qiti according to the IUCN red list of threatened species
(Anderwald et al., 2021a) (Fig. 3.1). It is a mountainous area with a mean altitude of 1,361 m,
extending from 92 to 2,152 m (Pyrgos peak) with 81% of its extent being above 1,000 m. The
geological bedrock consists mainly of limestone (60%) and flysch (32%), and the mountain is
characterized by perennial streams and water bodies (Fig. 3A.1). The annual precipitation was 854
mm, and the temperature ranged from —16.4 °C (average of minimum values) to 33.7 °C (average of
maximum values) (Data from Vrizes Meteorological Station, 1,250 m: 2020-2022). It is a forested
area (76% forest cover), dominated by coniferous forest, mainly of Greek fir forests (Abies
cephalonica), with a small northeastern area featuring black pine (Pinus nigra), according to EUNIS
typology (Davies et al., 2004). Broadleaved forests comprise mainly deciduous oak forests (Quercus
spp.). Mixed forests consist mostly of mixed oak and fir stands in the southern and western parts.
Mountainous grasslands dominate at higher altitudes (16% cover) combined with rock and scree
patches. Scrubs (5% cover) consist of thermophilous evergreen broadleaved species (Quercus ilex,
Pistacia lentiscus, Arbutus spp., Quercus coccifera).
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Fig. 3.2 Study area on Mt. Qiti and chamois survey transects and vantage points conducted in 2023. The map
shows the borders of Oiti National Park (founded in 1966) and the merged borders of the three Natura 2000 sites
within the study area (GR2440003, GR2440004, GR2440007) along with the hunting ban areas (the larger
polygon is the core area of Qiti National Park and the smaller the wildlife refuge). Further details in Fig. 3A.3

The Balkan chamois population increased from an estimated 10-30 individuals in the 1980s
(Papaioannou & Kati, 2007) to 65-80 individuals in 2016 and shows an increasing trend

(Papaioannou, 2021). Other wild ungulate species in the area are the roe deer (Capreolus
capreolus) and the wild boar (Sus scrofa). Chamois predators include the grey wolf (Canis lupus)
and the golden eagle (Aquila chrysaetos). Brown bears (Ursus arctos) have also been reported inthe
area occasionally. Human activities in the study area include mountainous tourism, forestry, and
free-ranging cattle and sheep/goat farming that usually takes place from late June to September
(9,438 animals accounting for 0.09 Livestock Units per hectare in 2015) (Iliopoulos et al., 2015)
(Table 3A.1). Livestock grazing is considered mild in terms of stocking rates, as compared with the
national average (Eurostat, 2023).

Over half of the study area (52%) falls within the borders of the Natura 2000 network of protected
areas, encompassing three overlapping sites totaling 80.5 km? out of the 156 km? of the study area
(Fig. 3A.2) (Protected Planet, 2025). One of these sites (GR2440004) is Oiti National Park, including
a strictly protected core area (34.7 km?) that corresponds to the category Il of IUCN (National Park)
(Dudley, 2008), where road construction and other developments, hunting, and logging are not
allowed. Furthermore, one wildlife refuge (8.5 km? overlaps with the three Natura 2000 sites
(Protected Planet, 2025), where hunting is prohibited (category IV of IUCN: Habitat/species
management area) (Dudley, 2008) The Management Unit of Parnassos and Oiti National Parks and
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Protected Areas of Eastern Central Greece of the Natural Environment and Climate Change Agency
(NECCA) manages the area. Forest management is undertaken by the Forest Service.

Chamois surveys

We surveyed five transects totaling 24 km in length in conjunction with seven vantage points across
all four seasons in 2023, covering all major chamois habitats from 470 m to 2,120 m altitude (Fig.
3.1). Each seasonal survey was conducted during seven successive field days (spring: 27/4-3/5;
summer: 27/6-3/7; autumn: 22/9-28/9; winter: 7/12-13/12). The four seasons reflected the key
phases of the chamois'annual cycle (Pepin et al., 1992): spring (including parturition period, 10/03—
09/06), summer (warm period, 10/06-09/09), autumn (10/09-09/12, including the rutting period
that starts in November (Corlatti et al., 2022a)), and winter (cold period, 10/12-09/03). Considering
the visibility along the transects’ line of sight, we effectively surveyed 17% of the study area (26.6
km?) (Fig. 3A.3). With the help of binoculars and a telescope, we collected chamois direct
observations (animals) as well as indirect observations (pellets and tracks), and we georeferenced

allobservations (GPS device). Inthe case of a group, we recorded each individual separately. Pellets
that were not fresh, determined by their color and texture, were attributed to the previous season,
and very old pellets were not recorded. Non-filtered occurrence datasets can lead to both
geographic and environmental bias, resulting in the over-representation of environmental
conditions associated with more heavily sampled areas (Anderson & Gonzalez, 2011). To address
this issue, we applied spatial thinning by overlaying a 30 x 30 m grid and retaining only one
observation per grid cell, using the “spThin” package in R (Aiello-Lammens et al., 2015). Spatial
thinning reduces overfitting and improves model performance by minimizing spatial
autocorrelation and sampling bias (Boria et al., 2014).

Data analysis

Environmental variables

We set up an environmental database of ten variables at a 30x30 m scale related to topography,
main vegetation types, and human disturbance. We computed three topographic variables
(elevation, slope, and terrain roughness) using a Digital Elevation Model (DEM) of 30 m resolution
(Copernicus Land Monitoring Service, Version 3, 2021). For slope and roughness calculations, we
used the “terrain” function of the package “terra” (Hijmans, 2023) in R. We considered three major
vegetation types: forests (G1-G5), grasslands (E1, E2, E4, F2), and scrubs (F5) according to EUNIS
typology (Davies et al., 2004) (Table 3A.2). We calculated four parameters related to human
disturbance. We used the road network (263 km) (OSM, 2025) to generate a GIS layer showing the
distance to the nearest road (paved and unpaved) (Fig. 3A.3). We also used the available database
of livestock pens (50 pens) (lliopoulos et al., 2015) (Fig. 3A.3) provided by the local Management
Unit of NECCA and the polygons of the hunting ban areas (data from geodata.gov.gr) (Fig. 3.1) to
generate two GIS layers of distances to these two features. Furthermore, we mapped the escape
terrain as steep (>45°) and extended (22,500 m? slopes (Papakostas et al., 2025b) and we
calculated the distance of the observations from it. We performed the distance calculations in

ArcGIS Pro (version 3.1.0) using the “Distance accumulation” tool.

Annual and seasonal ranges

To determine the seasonal and annual ranges of the Balkan chamois on Mt. Qiti, we used the whole
dataset of direct and indirect observations for the part of the study area surveyed, and employed
Kernel Density Estimates (KDE) and the "adehabitatHR" package (Calenge, 2006) in R, with the 95%
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fixed kernel estimation (WWorton, 1989). Additionally, we delineated the seasonal and annual core
areas, defined as the zones with the highest spatial use intensity (i.e., areas where chamois are
likely to spend the most time) (Vander Wal & Rodgers, 2012). We calculated the annual range and
core area by merging the four seasonal ranges and core areas, respectively. Calculations of data
treatment and analysis were performed using ArcGIS Pro (version 3.1.0) and R program (version
4.3.0) (R Core Team, 2023).

Habitat suitability model

We used the “sdm” package in R (Naimi & Araujo, 2016) to model the species’ suitable habitat and
deliver the respective habitat suitability map. Initially, we assessed multicollinearity among the
variables using the Variance Inflation Factor (VIF) with the “vifstep” function (<3) (Dormann et al.
2013; Zuur et al., 2010). The VIF is based on the square of the multiple correlation coefficient (R?)
resulting from regressing the predictor variable against all other predictor variables and is a more

precise method than Pearson correlation (Naimi & Araujo, 2016). Forests, slope, and distance to
escape terrain were found to exhibit collinearity with grasslands, roughness, and distance to
hunting ban areas, respectively, and were excluded from the analysis.

Since we lacked true absence data, we adapted our presence-only database for use in a presence-
pseudoabsence modeling framework by generating pseudoabsence points. To do so, we used the
Random Forest (RF) modeling technique and a 1:1 ratio of presence to pseudoabsence points, as
recommended for RF models in ecological applications (Barbet-Massin et al., 2012) and allocated
30% of the data as test data for model validation. We used two evaluation metrics to assess model
performance: Area Under the Curve (AUC) and True Skill Statistic (TSS). AUC evaluates the ability of
the model to distinguish between presence and absence points, with values ranging from 0.5
(random prediction) to 1 (perfect prediction), and is a widely used metric for model evaluation in
ecological studies (Fielding & Bell, 1997). TSS accounts for both sensitivity (true positive rate) and
specificity (true negative rate), with values ranging from -1 to 1, with 1 indicating perfect agreement
and values <0 suggesting performance no better than random (Allouche et al., 2006). We then
combined the outputs of all RF models to create an ensemble prediction (“ensemble” function)
that integrates multiple models, thereby capturing a broader range of projections and generating
more reliable habitat suitability forecasts (Araujo & New, 2007). We evaluated the relative
importance of the variables included in the model using the Pearson correlation and AUC metrics.
Person correlation highlights the direct linear contribution of each variable to the model (Franklin,
2010), and the AUC captures the overall contribution of variables to the model (Lobo et al., 2008),
including nonlinear effects and interactions. We adopted this dual approach to ensure a more
comprehensive evaluation of predictor importance by integrating complementary aspects of
variable effects. Furthermore, we defined suitable areas as those with predicted suitability values
greater than the mean suitability across training data (Liu et al., 2013).

Seasonal habitat preferences

We calculated the average value of environmental variables in chamois occurrence points for each
season and annually (habitat used). We then produced 652 random points (1:1 ratio of presences
vs background points) in ArcGIS Pro and estimated their average values in the study area (available
habitat). Using the non-parametric Kruskal- Wallis H-test, we investigated whether environmental
variables varied significantly throughout the four seasons. We compared the annual environmental
variables between the observed and random datasets (used vs available habitat) in terms of the
Mann-Whitney U test (p<0.05).

54



Renewable energy plans

We considered the database of the National Regulatory Authority for Energy (RAE) for all renewable
energy infrastructure in the study area (RAE, 2024). We then considered the total area of the three
wind power station polygons planned in the study area and calculated their per cent overlap with
the annual range found, with the species’ suitable habitat (suitability values greater than the mean
suitability across training data), as well as with protected areas cover.

Results

The dataset included 652 observations of the Balkan chamois on Mt. Oiti, comprising 63 direct
observations of animals (9.7%), 541 observations of pellets (83%), and 48 tracks (7.3%) (Table S3).
After observation thinning 121 chamois occurrences remained and were used for the analysis.

Annual and seasonalranges

The minimum estimated annual range of the Balkan chamois on Mt. Oiti encompassed an area of
50 km?and the annual core area accounted for one-third of it (34.8%). The seasonal ranges and their
respective core areas for the part of the mountain surveyed exhibited limited size variation and a
great spatial overlap (74-90% and 65-87%, respectively) (Table 1, Fig. S4).

Table 1 Annual and seasonal ranges and respective core areas of the Balkan chamois on Mt. Oiti
(2023) and their overlap (core areas overlap in parentheses) for the part of the mountain surveyed

Season Range Core Core area Overlap (%) of ranges (core areas)
(km?) area proportion (%)  Spring Summer Autumn Winter
(km?)

Spring 32.9 12.2 37 100 74(75) 74(79) 90(69)
Summer 315 11.3 35.9 - 100 85(87) 75(65)
Autumn 36.9 13.6 36.9 - - 100 77(65)

Winter 36.6 10.7 29.2 - - - 100

Annual 50 174 34.8 - - - -

Habitat suitability model

The analysis encompassed seven variables. RF models demonstrated high performance, with an
AUC value of 0.96 and a TSS value of 0.85. The top three variables contributing most to the model
were associated with human disturbance: distance to livestock pens, hunting ban areas, and
roads, followed by elevation. The remaining variables, namely terrain roughness, scrubland, and
grassland cover, had lower contributions to the predictive habitat suitability model (Table 3.2).
According to the habitat suitability map (Fig. 3.2), suitable habitat areas (values above 0.6 or 60%)
covered 12.2km?>, accountingfor7.8% of the study area (Fig. 3.3). Aconsiderable part of the species
suitable habitat (27.9%, 3.4 km? fell outside the Natura 2000 network.
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Fig. 3.2 Habitat suitability map of the Balkan chamois on Mt. Qiti, presented in a ten-scale gradient (10% interval)

Seasonal habitat preferences

We found no statistically significant seasonal differences for any environmental variables analyzed
(Kruskal-Wallis test, p>0.05). All variables except for three (slope, roughness, and forest cover)
significantly differed between observation points and the 1,000 random points in the study area (U
tests, p<0.05).

The species preferred higher elevation areas and grasslands and avoided scrublands (Table 3.2).
All human-disturbance variables were significantly different in the points of chamois occurrence
thanrandom points inthe study area. The species preferred areas away from livestock pens, roads,
and areas closer to hunting ban areas and escape terrain. However, the latter was only 0.45 km?,
accounting for less than 1% of the study area.

Table 2 Chamois habitat preference: Average values (or frequency percentages) of variables at
chamois observation points across seasons and annually compared to 652 random points (R)
throughout the study area (Mann-Whitney test, p-values), and variable contribution to the habitat
suitability model after Pearson correlation coefficient (P) and Area Under Curve (AUC) criterion

Seasons Habitat preference Contributionto
Variable the model
Spring Summer Autumn Winter Annual R p P AUC
Elevation 1,568 1,709 1,791 1,780 1,668 1,391 * 14.9 12.8
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(m) (£376)
Slope 18.2
(degrees) (*¥9.7)
Roughness 28.1
(+15.6)
Forests (%) 92
Grasslands (%) 8
Scrubs (%) 0
Distance to roads (m) 548
(¥292)
Distance to pens (m) 2,021
(x618)
Distance to hunting 353
ban areas (m) (£1,031)
Distance to escape 1,973
terrain (m) (¥1,948)

(+446)
14.9
(£6.4)
23.2
*10.9)
50
50
0
364
(£347)
2,028
(£338)
71
(£274)
1,786

(£1,450)

(*315)
18.7
(£9)
28.1

(14.3)

48
52
0
474

(x422)

1,984

(x413)
242

(£762)

2,150

(£1,959)

(x236)
20.8
(£9.3)
32.6
(x14.2)
83
17
0
618
(£300)
2,064
(£604)
409
(1,073)
2,568
(+1,898)

(+365)
18.4
(£9.3)
28.5
(+14.8)
78
22
0
529
(£331)
2,027
(£558)
311
(£942)
2,111
(+1,890)

(+487)
17.4
(+8.7)
26.8
(15)
75
17
4
370
(£330)
1,181
(+636)
1,594
(x1,824)
3,664
(3,078)

ns

ns

ns

2.3

1.6

11.3

254

9.8

1.7

0.8

7.1

17.5

4.3

ns: non-significant (p>0.05). *: p<0.05

Renewable energy plans

The renewable energy plans in the study area include three wind power stations that are currently
under a production licensing stage, with a total capacity of 81.6 MW (16 wind turbines of 15.6-34.8
MW each, pylon height of 84-101 m and rotor diameter 131-158 m) and nine small hydroelectric
stations (0.48-0.95 MW) totaling 5.6 MW (Table 3A.4). Wind power stations polygons are located
outside the borders of Qiti National Park and Natura 2000 network (Fig. 3.3). The area of the wind
power stations’ polygons covers 6.2 km?, out of which 61% falls within the annual range of the
species found (3.8 km?) and 33.9% (2.1 km? overlaps with chamois suitable (habitat suitability
values over 0.6) (Fig. 3.3). If they get permission to be constructed, 17.2% (2.1 km?) of the suitable
habitat will be lost on Mt. Oiti. None of the nine hydroelectric stations planned coincide with the
current annual range or the suitable habitat of the species. Seven are included in the Natura 2000

network (two of them in Qiti National Park) (Table 3A.4).
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Fig. 3.3 Planned wind power and small hydroelectric stations on Mt. Qiti across (a) the annual range
and core area of the species found and (b) suitable chamois habitat (values over 0.6)



Discussion

Methodological insights

Spatial ecology studies employing GPS telemetry data provide highly reliable results for habitat
modelling and distribution ranges (Hebblewhite & Haydon, 2010). Without such high-cost
equipment, the current research employed field surveys that involved extensive fieldwork.
However, two challenges arose: forest cover limited visibility along transects, allowing 17% of the
study area to be scanned, and inaccessible terrains due to steep topography, such as areas near
the Gorgopotamos Gorge in the eastern part of the mountain, could not be surveyed. Therefore, the
annual range is not representative of the whole study area. Our study provided a first insight into
seasonal ranges and their core areas of intense use at the population level. Future studies should
focus on the movement ecology of chamois at the individual level using GPS-tagged animals to
deliver individual home ranges, potentially overcoming the accessibility problem. Such studies

could reveal an expanded annual range on Mt. QOiti, as well. The study also delivered a habitat
suitability model of adequate performance and allowed us to reliably pinpoint the human factors
negatively affecting the chamois habitat use. Other variables, such as solar radiation or exposition
were hot considered in the modeling process due to scale or data limitation issues, but the latter
has been reported not to have a significant effect on habitat use or to be interpreted by other
topographic variables, such as the proximity to escape terrain (Kati et al., 2020; Papaioannou et al.,
2015). Further research is recommended to delineate the suitable habitat of the Balkan chamois
across the Greek mountains and broader spatial scales and pinpoint the common drivers that
shapeit.

Annual and seasonalranges

Considering as a study area the species range reported in the IUCN red list of threatened species
(Anderwald et al., 2021a), we found that the annual range of the Balkan chamois population on Mt.
Oiti covered at least one-third of it (Fig. 3.2). Chamois may also inhabit other parts of the mountains,
given fieldwork limitations and the presence of suitable habitats beyond the annual range (Fig. 3.3).
In any case, the annual range is dynamic and may shift over time due to changing human
disturbance regimes and the species growing population at local and national scales, which
gradually results in colonization of new suitable habitats (Papaioannou, 2021).

We found minor range size variation across seasons and a high spatial seasonal range overlap (74-
90%) (Table 3.1), implying greater habitat fidelity and limited seasonal movements from lower
forested zones in winter to higher altitudes grasslands in summer and autumn (Table 3.2). Likewise,
the species on Mt. Oiti does not seem to follow any of the two seasonal distribution patterns
reported in Europe or face significant climatic stress. In cooler climates, chamois usually search for
adequate microhabitats providing shelter from extreme weather conditions and offering food
resources of higher forage quality, resulting in a restricted winter range, according to the
“Continental” pattern (Crampe et al., 2007; Garcia-Gonzalez et al., 1992; Kati et al., 2020; Nesti et
al., 2010). In warmer climates, the Balkan chamois seems to retreat to cooler microhabitats that

still hold fresh palatable food resources during the arid summer period, justifying the restricted
summer range of the “Mediterranean” pattern. This pattern is reported for two populations in
Greece, inhabiting the arid mountains of Giona and Olympus (Papaioannou et al., 2015;

Papakostas et al., 2025b), but not for the more humid mountain of Timfi in northern Greece, where
the species adopts the continental pattern (Kati et al., 2020). Although Mt. Oiti is in the southern part
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of the species distribution, having similar low precipitation rates to the neighboring mountain of
Giona, the population doesn’t seem to experience aridity stress. Animals inhabit forested areas
throughout the year, benefiting from the extended forests, allowing thermoregulation and providing
shelter from extreme temperatures as well as food resources (Anderwald et al., 2024), while also

benefiting from the mild winter conditions, and the permanent water availability in streams and
water bodies year-round.

Habitat and human disturbance

We found that Mt. Oiti holds extended suitable habitats for the Balkan chamois and that the three
top limiting factors shaping the suitable habitats were related to human disturbance. Most reported
threats for all chamois species are indeed human-induced, including poaching, overharvesting,
habitat loss and degradation, livestock grazing and related disease transmission, and disturbance
from human developments, tourism and recreational activities (Corlatti et al., 2022c). According to
the national action plan (Papaioannou, 2021), all these threats also apply to the Balkan chamois in
Greece, except for overharvesting as chamois hunting is banned, along with specific threats such
as road construction, mining, genetic isolation, global warming, and hunting disturbance.

The most influential limiting variable was the distance to the nearest livestock pen; chamois
exhibited a significant avoidance pattern away from them. Livestock presence can increase
hormonalstress in chamois (Formenti et al., 2018). Livestock avoidance strategy is often a stronger
driver than climate change in spatiotemporal behavioral shifts away from suitable habitats and
high-quality food resources (Mason et al., 2014b). Besides competition for food resources,
livestock presence is associated with disturbance from shepherds' presence and their dogs
(Chirichella et al., 2013). Livestock presence occurs seasonally on Mt. Oiti, from late June to
September, but coincides with the warm period that chamois occupies high-altitude grasslands. In
the absence of livestock activity disturbance and interspecific competition with livestock, it is
possible that chamois could use more intensively the mountainous grasslands at higher elevations
and present less forest-dependent behavior. Although no infected animals were observed during
our surveys, we underline that livestock presence can increase the risks for disease transmission
(Fankhauser et al., 2008), which can have substantial impacts on chamois populations (Garrido-
Amaro etal., 2023).

We also found a clear preference for chamois to be away from hunting grounds and roads, both
related to human disturbance and substantially contributing to the habitat suitability model.
Human disturbance does not necessarily relate to human presence per se, as the animals on
another mountain (Mt. Olympus) do not avoid hikers, but rather prefer to be near hiking trails
(Papakostas et al., 2025b). It seems to be more closely linked to the presence of anthropogenic
landscapes of fear, generated by legal and illegal hunting activities that involve shotguns use and
hunting dogs. For this reason, the species also showed a preference to be near escape terrains,
although limited in our study area in extent, to find protection from predators and disturbance
(Corlatti et al., 2022b). Therefore, the role of hunting and poaching in the chamois habitat selection

process seems to be substantial on Mt. Qiti, as well as other mountains of the country (Kati et al.,
2020). Such disturbance is further intensified by forest roads, providing greater public access to
chamois habitats, and intensifying hunting and poaching activity. The strong road avoidance
pattern of the chamois population on Mt. Oiti appears widespread in Greece and is reported for

other populations as well (Kati et al., 2020; Papakostas et al., 2025b).

60



Three other environmental factors significantly influence chamois habitat suitability. Given the
mountainous character of the species (Corlatti et al., 2022b), animals exhibited a preference for
higher altitudes, even though their altitudinal range of seasonal migration was limited. Chamois
also favored grasslands and avoided scrublands, as also found on Mt. Timfi (Kati et al., 2020).
Grasslands offer high forage quality (Galvez-Cerén et al., 2013) but they are not so extensively used
on Mt. Qiti as they could, due to habitat use shifts from livestock presence in the warm period, or
the high forage quality inside forests, enhancing the forest-dwelling character of the population.

Renewable energy plans

Our analysis indicated that the proposed wind power station plans overlap substantially with the
most suitable chamois habitat on Mt. Oiti. Habitat loss is a major threat to the Balkan chamois
throughoutits range (Corlatti et al., 2022c). Located at high-altitude grasslands (1,600-2,128 m), the
projects are expected to pose signhificant threats to the local chamois population, primarily through
the reduction of grazing grounds, and overall habitat loss and fragmentation. The species might
exhibit a range shift away from wind turbines in the study area, probably finding shelter in the most
inaccessible forest zones, given its high sensitivity to human disturbance and the adverse wind
turbine effects reported for other forest-dwelling ungulates (Scholl & Nopp-Mayr, 2021). While
some ungulate studies indicate that wind energy development does not increase mortality risk
(Taylor et al., 2016) and does not significantly affect nutrition and home ranges (Walter et al., 2006),
other studies document elevated stress near large wind farms (Klich et al., 2020), strong avoidance
patterns and changes in the use of movement corridors (Lopucki etal., 2017; Skarinetal., 2015) and
even range shifts several kilometers away, outside the visibility zone of wind turbines (Skarin et al.,
2018). The adverse effects are associated with both the construction and operation phases of wind
turbines (Skarin et al., 2015; Skarin et al., 2018).

The impact of wind energy infrastructure extends beyond habitat loss within the investment
polygons (2.1 km?), where turbines are going to be installed on cement bases. The actual land
footprint is larger when accounting for other required infrastructures (transmission lines and
electricity pylons, meteorological towers, operation buildings, and new and widened access roads)
and the subsequent vegetation clearance required across access roads that would directly impact
chamois forest habitats. In Greece, the wind industry causes a 3.5 times higher conversion of
naturalto artificial land than the global average, due tothe tendencyto plantwind turbinesin remote
natural areas with steeper slopes away from existing infrastructures, with access roads being an
important land consumer in this process (Kati et al., 2023a). Furthermore, the whole study area
exhibits high naturalness and low fragmentation, qualifying it as a wind farm-free zone in a national-
scale study for sustainable wind energy planning, excluding such natural areas from wind energy
investments without undermining the 2030 national energy goals achievement (Kati et al., 2021a).

On the other hand, none of the nine small hydroelectric stations planned fall within chamois
suitable habitats. Their impact seems minor but remains uncertain. It is not known whether the
stations will affect water availability for wildlife in mountain streams and waterbodies, or the extent
of land take expected from road sprawl and infrastructures required.

Conservationimplications

Our findings provide strong scientific evidence informing policymaking and conservation actions at
local and broad scales as follows: first, we recommend preserving the natural integrity of the study
area by preventing land take and habitat fragmentation. This includes discouraging large-scale
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renewable energy projects, other land-consuming developments, and associated road expansion,
given their expected negative impact on the chamois population. These measures are expected to
broadly benefit the biodiversity of Mt. Oiti, including endemic and globally threatened insect species
that inhabit mountainous grasslands, including the area of planned wind energy investments
(Stefanidis et al., 2025). On a broader scale, we advocate for bold policies to protect landscape
naturalness and prevent further ecosystem fragmentation from roads and artificial land
development. A roadless policy has already been implemented in Greece offering a strict but
provisional protection status in nine remote mountains of great naturalness (Kati et al., 2023b; Kati
et al., 2022), benefiting four chamois populations there. The government aspires to protect 55
mountains under target 15.4 of the Sustainable Development Goals for mountainous ecosystem
maintenance (Hellenic Republic, 2022; UN, 2015). These measures are in line with the national
action plan suggesting roadless areas expansion and modification of major construction projects
through alternative solutions in the species distribution range (Papaioannou, 2021).

Second, we recommend poaching mitigation measures and the expansion of wildlife refuges to
increase the quiet, hunting-free areas that were found to be preferred by chamois. On a broader
scale, the national legislation freely allows hunting all over the countryside (with few exceptions),
including the protected areas of the Natura 2000 network or private lands when not fenced, as
hunting grounds. An accurate national mapping of hunting grounds is missing. Less than 10% of the
country is declared a hunting-ban zone for wildlife conservation, covering about 40% of the Balkan
chamois' distribution nationwide (Kati et al., 2020), and proving their importance as chamois
shelters. Besides hunting-ban areas expansion, we emphasize the need for overall spatial hunting
planning, including mapping the hunting grounds, regulating hunting intensity, and implementing
government-led monitoring, accounting for chamois and other protected wildlife species needs.
This would reduce human-induced "landscapes of fear" and would benefit chamois populations
on Mt. Oiti and nationwide.

Third, we suggest drafting and implementing sustainable livestock grazing plans accounting for
biodiversity maintenance and chamois needs. Although chamois may benefit from intraspecific
competition mitigation, it is still uncertain how the grassland ecosystems and biodiversity will be
affected in the long term, since livestock grazing is mild on the mountain and might decrease in the
future. Mapping the mountainous pastures of Mt. Oiti, their grazing capacity, livestock stocking
density and temporal use, while monitoring the livestock grazing activity on an annual basis is a
prerequisite to planning and implementing sustainable grazing schemes favoring both grassland
ecosystems, wildlife, and the local economy, in line with the suggestions of the action plan
(Papaioannou, 2021).

Data availability

Due to the sensitive nature of the data according to the Greek legislation, and the potential risks
associated with disclosing precise locations, the data are not publicly available.
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Appendices 3

Table 3A.1 Livestock animals per type on Mt. Oiti based in 2015 (Iliopoulos et al., 2015) and
estimation of the Livestock Units per hectare for the study area (15,600 ha). This estimate assumes
that all animals graze exclusively within the study area and that no external animals from nearby
pens enter the area to graze

Livestock type Animals Livestock Unit Livestock Livestock Units per ha
coefficient Units
Goats 2,375 0.1 237.50
Sheep 6,449 0.1 644.90
Cattle 495 1 495.00
Calf 119 0.4 47.60
Sum 9,438 1,425.00 0.09

Table 3A.2 Habitat types used in the analysis of habitat suitability for the Balkan chamois on Mt.
Qiti, according to EUNIS typology (Davies et al., 2004), their area (km?) and percent cover (%) of the
study area

Habitat Code Description Area Percent
(km?) cover (%)
G1 Broadleaved deciduous woodland 135 8.6
G2 Broadleaved evergreen woodland 1.8 1.1
Forests G3 Coniferous woodland 75.6 48.5
G4 Mixed deciduous and coniferous woodland 10.2 6.5
G5 Lines of trees, small anthropogenic woodlands,
recently felled woodland, early-stage woodland and 13.9 8.9
coppice
E1 Dry grasslands 0.04 0.02
Grasslands E2 Mesic grasslands 0.7 0.45
E4 Alpine and subalpine grasslands 6.1 3.9
F2 Arctic, alpine and subalpine scrub 17.8 1.4
Scrubs F5 Maquis, arborescent matorral and thermo- 7.6 4.9
Mediterranean brushes
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Table S3 Seasonal and total observations of Balkan chamois on Mt. Oiti during 2023 surveys

Season Animals Pellets Tracks Total
Spring 7 293 18 318
Summer 18 64 11 93
Autumn 28 58 0 86
Winter 10 126 19 155
Total 63 541 48 652

Table S4 Renewable energy infrastructures planned in the study area of Mt Oiti as downloaded from
the national database (RAE, 2024), and their technical characteristics, indicating the spatial overlap
with the chamois annual range (R), suitable habitat defined by values greater of 60% (H), and the
Natura 2000 network of protected areas (N2000)

Renewable Technical characteristics Altitude Spatial overlap (%)
energy Permission Code Area N Rotor Total (m)
type stage (km?) length capacity
(m) (MW) R H N2000
p 36763 3.7 8 131 31.20 2,072 92 57.5 0
Wind Power p 36754 2 4 131 15.60 1,663 0 0 0
Stations p 41985 0.5 4 158 34.80 1,790 80 0 0
Sum 3 6.2 16 - 81.6 - 61 34 0
p 14033 Point - - 0.95 1,390 No No Yes
p 14034 Point - - 0.95 1,218 No No Yes
p 14270 Point - - 0.50 174 No No Yes
Hydroelectric p 14269 Point - - 0.50 212 No No Yes
Stations p 13410 Point - - 0.77 141 No No Yes
p 14467 Point - - 0.48 1,225 No No No
p 14466 Point - - 0.48 1,338 No No No
e 14920 Point - - 0.5 141 No No Yes
e 14943 Point - - 0.5 140 No No Yes
Sum 9 Point - - 5.6 - - - 7

p: production permit (the project should obtain approval of environmental terms before getting a construction permitand then operation permit), e: under evaluation (the project has notyet entered the production permit). N: number of wind

turbines. Rotor length refers to the diameter of wind turbine rotors (m)
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Figure 3A.1 Geological bedrock and hydrographic network in the study area of Mt. Oiti
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Fig. 3A.2 Sites of the Natura 2000 network overlapping with the study area of Mt. Oiti

GR2440003: “Farangi Gorgopotamou”. Area: 5.3 km?. Protected area category: Natura 2000 site: Special Area
of Conservation (SPC). WDPAID: 555527069

GR2440004: “Ethnikos Drymos Oitis”. Area: 71.2 km?. Protected area category: Natura 2000 site: Special Area
of Conservation (SPC). WDPAID: 555527070

Oiti: Area: 34.7 km?. Protected area category: included in the Natura 2000 site GR2440004. WDPA ID: 2487.
IUCN category: Il (National Park)

GR2440007: “Ethnikos Drymos Oitis-Koilada Asopou”. Area: 132.1 km?. Natura 2000 type: Special Protection
Area (SPA). WDPAID: 555539707. IUCN category: none

Skasmeni Frantzi -Dyo Vounon: Area: 8.5 km? Protected area category: Wildlife refuge. WDPA ID: 341703.
IUCN category: IV (Habitat/Species Management Area)

WDPA: World Database on Protected Areas (Protected Planet, 2025), IUCN categories according to (Dudley,
2008)
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Fig. 3A.3 Scanned area for chamois surveys (2023), road network and livestock pensin the study area of Mt. Oiti
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Abstract

1. Introduction: Chamois (Rupicapra spp.) are widely distributed across Europe and parts of
Asia (ten subspecies). Studies on their distribution and habitat selection account for less
than 10% of the literature on the genus, and existing research disproportionately focuses
onthe Alpine chamois (R. r. rupicapra).

2. Aims: We explored the chamois home range patterns and habitat selection drivers, trends
in methodological data collection and analysis tools, and research gaps.

3. Methods: We conducted a systematic search (PRISMA guideline) and a meta-analysis of
the peer-reviewed, English-language articles that reported quantitative data on home
range size or habitat selection, comprising 22 studies spanning 16 study areas.

4. Results and Discussion: Knowledge stemmed mainly (68% of studies) from the Alpine
subspecies. Seven subspecies remain understudied (0-1 study each). Telemetry and field
observations were the primary field methods in home range and habitat selection studies,
respectively. Annualindividual home ranges were small but varied greatly (0.04-4.94 km2),
depending on sex (larger in males), dispersal behavior (larger in migrating males), and
season. Habitat selection analysis (24 factors tested; 452 cases) revealed that topography
(elevation, slope, escape terrain) and human disturbance (hunting, infrastructure, hiking
trails, livestock) influenced chamois habitat selection. Rocky, grassland and forest habitat
use were season-dependent, and snow-covered areas were generally avoided.

5. Recommendations: We highlight the need for further research on underrepresented and
threatened subspecies, as well as on the chamois' responses to human disturbance and
climatic variables, to better inform conservation management under global change.

Keywords

Rupicapra; Habitat preferences; Space use; Mountain ungulate

Introduction

Effective conservation of wildlife populations primarily depends on appropriate management,
regulation enforcement, stakeholder engagement and control of direct human pressures such as
poaching, hunting practices, and habitat alteration. Within this broader management framework
(Nichols et al., 2024), , ecological knowledge on how animals use space can provide valuable
context to support conservation and management decisions. Home range and habitat selection
are interrelated ecological concepts crucial for understanding animal behavior and conservation
planning. Home range refers to the area an animal uses for its regular activities, including foraging,
mating, and shelter varying across species due to ecological and biological factors (Ofstad et al.

2016; Seigle-Ferrand et al., 2021). Research on home range contributes to our understanding of
species distribution, habitat selection, predator-prey dynamics, community structure, and disease
transmission (Borger et al., 2008). Habitat selection involves the specific environmental features

that animals prefer within their home ranges relative to their availability (Northrup et al., 2022).

Understanding the species-habitat relationships can provide insights into the potential impacts of
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climate and land-use change (Sohl, 2014), support the design and effectiveness of protected areas

(Guisan et al., 2013), and help assess disease dynamics (Tardy et al., 2014), human disturbance
(Ripari et al., 2022), and interspecific competition (Torretta et al., 2021).

This study focuses on the chamois (Rupicapra sp.), an iconic mountain ungulate found at variable
elevations throughout Central, Western and Southern Europe, the Near East and in New Zealand,
where chamois have existed since their introduction in 1907 and 1914 (Corlatti et al., 2022b). The
genus Rupicapra includes two species, Rupicapra rupicapra (Northern chamois), comprising
seven subspecies (cartusiana, rupicapra, balcanica, tatrica, carpatica, caucasica and asiatica) and
Rupicapra pyrenaica (Southern chamois) comprising three subspecies (ornata, parva and
pyrenaica) (Corlatti et al., 2022b). While both species are classified as Least Concern (LC) by the
IUCN Red List of Threatened Species, five out of the 10 subspecies are threatened (Endangered: R.
r. asiatica, R. r. tatrica, ; Vulnerable: R. r. cartusiana, R. r. caucasica, R. p. ornata), while even some

populations of the most abundant subspecies (R. r. rupicapra, R. p. parva and R. p. pyrenaica) have
started to decline (Anderwald et al., 2021a; Herrero et al., 2024). The most common threats to
chamois include poaching and overhunting, human disturbance, habitat loss and degradation,
climate change, competition with livestock, diseases, and hybridization among subspecies
(Corlattiet al., 2022c).

Although research on chamois has increased substantially between 1980 and 2020, greatly
improving our understanding of the species' biology and ecology, most of the studies have focused
primarily on the Alps and the Alpine subspecies (Corlatti et al., 2022c). During this period, research
on habitat selection, movement, and distribution of the species has accounted for less than 10% of
the total research (Corlatti et al., 2022c). In this review, we aimed to provide a systematic overview
and meta-analysis of the chamois' home range size and habitat selection, with the objectives of
evaluating existing knowledge, identifying critical gaps, highlighting key environmental factors
influencing the species' ecology, and offering guidance for future research and conservation efforts.
We address the following questions: (a) How well are different chamois species and subspecies
studied regarding their home range and habitat selection? (b) What are the research trends
concerning the methodological tools used for data collection and analysis of chamois habitat use
over the last four decades? (c) What are the home range and core area patterns of the species? (d)
What are the primary factors shaping the habitat selection of the species according to different
methodological analyses?

Methods

We conducted the systematic review in accordance with the PRISMA (Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses) guidelines (Page et al., 2021) for record selection (Fig. 4.1).
We performed all analyses using R (version 4.4.3) (R Core Team, 2023).

Data collection

We conducted a literature search in Scopus up to 1 March 2025, using specific search terms in the
title, abstract, and keywords. For species identification, we used the terms "Rupicapra", "chamois",
or "isard", and for habitat selection and home range studies, we included "habitat selection",
"habitat use", "habitat preferences", "ecological niche", "home range", "distribution", and "core
area". The search was limited to peer-reviewed journal articles published in English and returned a

total of 193 documents.
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After screening the titles and abstracts, we excluded 161 documents that were not relevant to the
species or the study's focus. We further excluded four studies that lacked data on average or
individualhome range size, sixdescriptive studies that conducted no statistical data treatment, and
one study for which the full text was not accessible. This initial screening resulted in 21 eligible
studies.

After selecting these studies, we also checked their reference lists and identified one additional
relevant study that did not appear in the Scopus search. The final dataset comprised 22 studies:
eight focused on home range, 11 on habitat selection or habitat use, and three addressed both
topics (Fig. 4.1).

Data analysis

Identification of new studies via databases and registers Identification of new studies via other methods

Records removed before screening:

Records identified from:

=
= )

= Records identified from: Duplicate records (n = 0) . ~

8 Databases (n = 143) —= Records marked as ineligible by automation We'?SﬂE.'s {0

= Registers (n = 0) tools (n = 0) Organisations (n = 0)
T 9 _ " Citation searching (n=1)
=

Records removed for other reagons (n = 0)

Y

Records screened Records excluded
(n=183) (n=161)
I :
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
g (n=32) n=1) n=1) * n=0)
@
2
@
Y Reports excluded: r
Reporls assessed for eligibility No access to individual home range Reports assessed for eligibility Reports excluded:
(n=31) size (n=4) n=1) (n=10)
Descriptive studies (n = 6)

A
New studies included in review
(n=21)

Reports of new included studies
(n=1)

Included

Fig. 4.1 PRISMA flow diagram according to the PRISMA statement by (Page et al., 2021).

Datasets

We reviewed the literature and compiled a database comprising three interlinked datasets, each
associated with a corresponding paper code (Table $1). We classified each study as eithera"Home
range" (Table S2) or a "Habitat selection" study (Table S3). We then categorized the studies
according to their data collection methods, grouping them into three categories. Field observations
included studies that collected chamois observations from fieldwork. The telemetry category
comprised studies using GPS or VHF-collared animals. The combination category included studies
that employed field observations in combination with telemetry (two studies) or other data sources
(one study of archeozoological data). We also categorized the studies according to two data
analysis methods: statistics and models. The first category included all studies that employed
descriptive statistics or basic statistical tests. The second category comprised studies that
employed modelling techniques such as Kernel Density Estimates (KDE), Generalized Linear
Models (GLMs), Ecological Niche Factor Analysis (ENFA), and other similar approaches.
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The "Studies" dataset (Table S1) included general information on the papers, such as citation
details, country of study, species and subspecies of chamois examined, data collection and
analysis methods, and geographic coordinates of the study areas. Coordinates were either directly
provided by the authors or estimated as the approximate centroid of the study area. In cases where
the research spanned more than one country (two instances), we only reported the country names.
The "Home range" dataset (Table S2) included all studies related to this topic. It included
information on the chamois species, year(s), season/period and method of data collection,
demographic information of the population studied (sex, age, and presence of young), resident or
migrant status, and the total number of individuals studied. The dataset also included the data
analysis method employed, as well as the mean size and standard deviation (in square kilometers)
of the home range and its associated core area. We distinguished between studies that calculated
individual home ranges and those that estimated population-level ranges, such as kernel density
estimation (KDE), based on all field observations within a defined study area. In one study
encompassing two study areas, we noted the locality, i.e., the name of the study area as referred to
inthe paper.

The habitat selection dataset (Table S3) included the factors assessed in each study, using the
original terminology employed by the authors, their description, the interaction between factors, the
types of coefficients and values, the standard error (SE), the significance level, the nature of the
impact (positive or negative), the interpretation of the impact and additional comments. To
streamline our analysis, we grouped the variables into 30 subcategories and identified 24 habitat-
related factors (excluding six not habitat-relevant subcategories). We further classified these into
four broad categories: land cover, topography, disturbance, and climatic factors. We then
considered four types of data analysis methods. (a) GLM-type studies included Generalized Linear
Models (GLMs), Generalized Linear Mixed Models (GLMMs), Resource Selection Functions (RSFs),
and multiple regression analyses. (b) ENFA-type studies used either ENFA or Mahalanobis
Distances Factor Analysis (MADIFA). (c) Selection ratio studies employed indices such as Jacobs'
Second Selection Index and the Manly Index. (d) Descriptive statistical approaches included
methods like the two-tailed test.

Knowledge gaps and research trends

We employed descriptive statistics to explore knowledge gaps and research trends over time using
the studies dataset (Table S1), focusing on the different chamois species and subspecies studied,
as well as the data collection and analysis techniques employed. We visualized the study areas
included in our database by creating a map using ArcGIS Pro (version 3.2.2).

Homerange

Using the home range dataset (Table $2), we summarized home range sizes separately for males
and females based on the values reported in each study. For each sex, we calculated descriptive
statistics, including the mean and standard deviation, minimum, and maximum values, to provide
an overview of the variation in home range size. We also reported results from three studies that
distinguished between “resident” (males that occupy small and stable home ranges) and
“migrant” (males that move between seasonal areas) males (Lovari et al., 2006; Nesti et al., 2010;
Unterthiner etal., 2012).
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Habitat selection

Using the habitat selection dataset (Table S3), we analyzed the results from GLM-type studies by
conducting random-effects meta-analysis for each factor using the "metafor" R package
(Viechtbauer, 2010). Effect sizes (B) were combined across studies, weighted by their inverse
variance (‘I/SE2). We quantified between-study heterogeneity using T, which reflects the variance
oftrue effects, and I, which captures the degree of overlap among confidence intervals. To assess
the contribution of moderators, we calculated R? as an estimate of the proportion of heterogeneity
explained (Borenstein et al., 2021; Nakagawa et al., 2023; Schwarzer, 2022). To assess contextual

variation in habitat selection, we ran mixed-effects meta-regressions for all factors with significant
pooled effects, including the season (annual, spring, summer, autumn, winter) and the analysis
method (e.g., GLM) as moderators. We included moderators (season and method) in the meta-
regression models only when sufficient data were available across levels for a given factor. In all
meta-regression models, we treated "annual" as the reference category for the season and "GLM"
as the reference for the analysis method. As such, intercept terms represent the estimated effect
under these baseline conditions. We used Study ID as a random effect to account for multiple
estimates per study. We created visualizations using the package "ggplot2" (Wickham, 2016).

To evaluate habitat selection from studies employing ENFA, we extracted marginality information
for all environmental variables analyzed per study. ENFA predicts habitat selection based on the
ecological distance between the mean habitat used by a species and the global habitat available in
the study area. The marginality axis quantifies the degree to which the utilized habitat differs from
the average available conditions, with positive or negative values indicating selection or avoidance,
respectively (Hirzelet al., 2002). We classified each factor by its direction of marginality (M): positive
(indicating selection), negative (indicating avoidance), or neutral. We considered marginality values
<0.2 as neutral. To summarize findings across studies, we applied a vote-counting approach
(Borenstein et al., 2021). For each factor, we calculated the number of positive, negative, and
neutral outcomes across all ENFA studies. We also computed a simple selection score as the
difference between positive and negative cases (positive-negative) to identify overall trends. This
method allowed us to compare factor-level habitat preferences across studies without relying on
raw model outputs, which are not always available in ENFA frameworks. While this approach does
not account for effect size variance, it is a robust alternative when standardized coefficients are
unavailable (Borenstein et al., 2021).

Selection ratio indices estimate selection strength relative to habitat availability but often lack
variance estimates or consistent scaling across studies (Manly et al., 2002). For each factor, we
classified the direction of selection as Positive (selected), Negative (avoided) and Neutral (no
significant difference between use and availability, or index = 1). We then applied a vote-counting
approach, calculating the number of positive, hegative, and neutral outcomes across all studies of
selectionratios. Finally, we computed a selection score for each factor (positive-negative) to assess
the consistency and strength of its effect across studies. One study assessed habitat selection
using basic descriptive statistics and was excluded from the analysis.

Publication bias

We assessed potential publication bias (i.e., the increased likelihood that smaller studies are
published if they report stronger effects) using contour-enhanced funnel plots, which depict the
relationship between effect sizes (B) and their standard errors. These plots enable the visual
identification of asymmetry and provide insight into whether any missing studies may be located in
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areas of statistical significance or non-significance (Schwarzer, 2022). To formally test for
asymmetry, we conducted both Egger's regression test by fitting a meta-regression model with the
standard error as a predictor of effect size (Egger et al., 1997) and trim-and-fill analysis (Duval & and
Tweedie, 2000). We conducted this analysis for all habitat-related factors with at least 10 effect
sizes, specifically slope, elevation, and aspect (south), using the "metafor" package in R
(Viechtbauer, 2010). Egger's test indicated significant funnel plot asymmetry for all three variables:
slope (p <0.0001), elevation (p = 0.037), and aspect (south) (p = 0.026). However, the trim-and-fill
method did not impute any missing studies for any of these factors, suggesting that the observed
asymmetry may not be due to unpublished small or negative studies. These findings suggest that
although small-study effects may be present, they do not substantially alter the main conclusions
regarding the significant predictors.

Results

We found that the 22 studies included in this review encompassed 16 distinct study areas across
eight different countries (Table S$1). Most of these study areas were in central and southern Europe,
with one study conducted in New Zealand (Fig. 4.2).

Knowledge gaps and research trends

Most of the 22 studies focused on the Northern chamois (Rupicapra rupicapra: 19 studies: 86%)
and fewer on the Southern chamois (Rupicapra pyrenaica: three studies: 14%) (Fig. 4.3). The most

'3

EUROPE -
Y

¢ Study areas
I R. pyrenaica
I R. rupicapra

R
0 250

I
500

T

1
1,000 KM

INew Zealand N

0 250 500 KM

Fig. 4.2 Geographic distribution of study areas included in the review across the IUCN-defined range of the two chamois species (Anderwald et

al., 2021a).

well-studied subspecies were the Alpine chamois R. r. rupicapra (68% of studies), followed by the
Balkan chamoisR. r. balcanica (14%) and the Pyrenean chamois R. p. pyrenaica (9%). Two
subspecies were poorly studied, with only one study each: R. r. tatrica and R. p. ornata (4% of
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studies). Five subspecies are not studied at all in terms of home range and habitat selection: R. r.
asiatica., R. r. caucasica, R. r. cartusiana, R. r. carpatica and R. p. parva (Fig. 4.3).

We found a fluctuating trend in the number of home range studies, peaking in the previous decade
and an increasing trend in the number habitat selection studies (Fig. 4.4). In home range studies,
telemetry was the primary data collection method employed, followed by field observations.
Modelling was the exclusive method used for data analysis, regardless of the data collection
approach (Fig. 4.4, Table $1). In habitat selection studies, field observations were the predominant

18
N
16
14
12
10
8
6
4
2 =
o ] -
rupicapra balcanica tatrica c. caucasica cartusiana carpatica asiatica |pyrenaica ornatac. parvac.
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Fig. 4.3 Knowledge gaps in chamois research. Number of studies (N) investigating home range (yellow) and
habitat selection (blue) across the ten chamois subspecies. Subspecies are grouped by species (Rupicapra
rupicapra and Rupicapra pyrenaica), with approximate global population estimates shown below each name
(c =circa) (Corlatti et al., 2022b).
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method for data collection, while modelling was the most popular method for data analysis (Fig.
4.4).
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Fig. 4.4 Research trends in methodological approaches used in chamois home range and habitat selection studies over
the past four decades (based on 22 studies reviewed): (a) Field methods employed for data collection, categorized as field
observations, telemetry, and combined approaches and (b) Data analysis methods used, grouped into statistical and
modelling approaches.
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Homerange

Home range sizes reported for females ranged from 0.64to0 0.87 km?(mean=0.72=0.10km?), while
male home ranges ranged from 0.04 to 4.94 km? (mean = 1.21 + 1.34 km?) (Table 4.1). Core area
sizes were also slightly larger in males (0.03-0.57 km? mean = 0.18 = 0.19 km?) than in females
(0.12-0.17 km?; mean =0.15%0.02 km2). When considering only the three studies that focused on
migrant and resident males, migrant males demonstrated larger home ranges (mean = 3.05 +2.66
km?) and core areas (mean = 0.49 = 0.49 km?) compared to resident males (mean = 0.44 + 0.19 km®
and mean =0.06+0.02 km®respectively). Three studies examined population home ranges,
showing almost two-fold variation in population home range areas (Table 4.1).

Table 4.1 Summary of the home range and core area in the chamois Rupicapra spp. Mean (+
standard deviation), minimum and maximum values of annual home range and core areas for
females (F), males (M), both sexes (M+F), and the whole population (P), noting the number of
studies (N) and the number of individuals considered (i). Annual population ranges and core ranges
are presented separately.

Individualhome ranges
Annual Home Range (km?) Annual Core Area (km?)
Sex N (i) Mean (SD) min-max N (i) Mean min-max
F 3(64) 0.72 (x0.1) 0.64-0.87 2(14) 0.15(x0.02) 0.12-0.17
M 5(65) 1.21 (#1.34) 0.04-4.94 3(44) 0.18(x0.19) 0.03-0.57
M+F 1(29) 0.61(x0.42) - 1(29) 0.08 (+0.7) -
Population home range
N Annual Range min-max N Annual Core Area min-max
P 3 64.06 (+50.08) 16.75-201.2 3 24.95 (+15.55) 4.67-51.8

Habitat selection

The habitat selection database (Table S3) included 14 studies with 452 cases corresponding to 24
factors that had been used in studies of chamois habitat selection. In most cases (393, 87%), a
statistically significant ecological preference was recorded. The most well-studied category
referred to land cover factors (13 studies; 203 cases), followed by topography (13 studies; 162
cases), while disturbance (six studies; 42 cases) and climatic factors (four studies; 26 cases) have
been less often tested in habitat selection studies (Table S3).

GLM-type studies

The analysis involved seven GLM-type studies (188 cases) for chamois and seven environmental
factors across at least three cases (Table $3). Among these, only three factors showed statistically
significant average effects (intercept values; p < 0.05) (Fig. 4.5). Chamois selected steeper slopes
(five studies), with a significant pooled effect under annual conditions, as determined by GLM
analysis (8 =2.60,95% Confidence Interval (Cl): [0.39, 4.80], p=0.021). Moderator terms for season
and method were not statistically significant, indicating that the strength of slope selection did not
vary substantially across seasons or analytical approaches.
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Snow and ice (three studies) were generally avoided, with a significant negative pooled effect under
annual conditions (B =-2.32, 95% ClI: [-2.86, -1.78], p < 0.0001). In the winter models, use of snow
and ice was higher compared to the annual average (B = +2.34, 95% CI: [1.81, 2.88], p <0.0001).
Forested habitats (three studies) were positively selected, but their effect was small (8 =0.12, 95%
CI:[0.03,0.21], p=0.008).

The remaining factors (elevation, aspect-south, grassland, and competition) did not have
consistent effects across studies. The results for most factors differed widely from one study to
another (I > 90%). Elevation was the only case where this variation could be partly explained:
differences in season and method accounted for about 43% of it. For the other factors, season and
method explained almost none of the variation (R2 <1.2%).

Moderator Effects on Habitat Selection (GLM-type studies)

Slope: intrcpt } .

Slope: SeasonAutumn ' .

Slope: SeasonSpring k .
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Fig. 4.5 Moderator effects on chamois habitat selection based on GLM-type studies. Each point represents an
estimated effect size (8) with 95% confidence intervals for a given moderator level. The red dashed line indicates
no effect (B =0). Intercepts (intrcpt) refer to baseline categories for each variable.

ENFA-type studies

Results were referred to four ENFA-type studies, which included 158 cases of 21 different factors.
Topography and then land cover influenced most habitat selection patterns (Fig. 4.6a). Elevation
showed the highest cumulative positive signal among all factors (score = +11), followed by slope,
north aspect and escape terrain. In contrast, southern aspects were consistently avoided, and
othervariables, such as terrain ruggedness and western aspect showed neutral effects.

Within land cover factors, rocky habitats showed strong and consistent selection. Grasslands were
generally favored (six positives, two negatives; score = +4), while forests produced mixed results
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(three positive, three negative, 12 neutral). NDVI (Normalized Difference Vegetation Index) and
bushland showed weaker selection scores, while cultivated land (agricultural areas) was mainly
neutral.

Disturbance variables were related to negative scores and, consequently, avoidance patterns of
chamois, except hiking trails. Hunting was the most negatively selected factor (six negative out of
six cases), followed by infrastructure (15 negative and one neutral out of the 16 cases) and
competition with other herbivores (one negative case). Chamois selected areas near hiking trails
(four positive and one negative out of five cases). Climatic factors had weaker and less consistent
associations, resulting in zero scores, except for humidity (one negative, four neutral out of the five
cases) (Fig. 4.6a).
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Figure 4.6 Summary of habitat selection factors affecting chamois, based on (a) ENFA studies and (b) selection ratio studies. Bars

represent the selection score for each factor, calculated as the difference between the number of positive and negative cases

Numbers in parentheses beside each factor indicate the distribution of results across studies in the order: positive (+), negative
(=), and neutral (/). The total number of cases per factor category (topography, land cover, disturbance, climate) is provided in
parentheses. N is the number of studies for each factor.
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Selection ratio studies

Results referred to two selection ratio studies, including 99 cases of five different factor
subcategories (Table S3). From the topographic variables, only the escape terrain was assessed,
showing negative selection (seven negative, one neutral case) (Fig. 4.6b). Fromthe land covertypes
assessed, grasslands yielded the highest positive cumulative selection score (+10), followed by
bushlands (+8) and forests (+2), while rocky habitats were avoided (-12). No climatic or disturbance
variables were assessed using this method.

The single study that assessed habitat selection using basic descriptive statistics found that
chamois preferred steep slopes (= 65°) sheltered from the wind during the period defined by the
authors as “cold” (January-June), and more exposed slopes during the period defined as ‘warm’
(July-December). It also reported that chamois used alpine meadows more frequently than forests
during the warm period, while the opposite pattern was observed during the cold period.

Discussion

Knowledge gaps and research trends

Our results showed that most studies (86%) focused on the Northern chamois, and particularly the
Alpine chamois (68%; 15 studies). By contrast, only four subspecies have been studied (seven
studies intotal), with five subspecies notrepresented at allin chamois habitat-use studies (Fig. 4.3).
Therefore, most of the existing knowledge regarding home range and habitat preferences is derived
from a single subspecies and primarily from one mountain range, the Alps. On one hand, this
knowledge gain has contributed to drafting the action plans for less well-studied species and their
habitats, such as the Balkan chamois in Greece (Papaioannou, 2021) and Bulgaria (Avramov &
Valchev, 2010), the Apennine chamoisin Italy (Dupré et al., 2001), and the Tatra chamois in Slovakia
(SOPSR/TANAP, 2002). Onthe other hand, to address the various threats faced by chamois (Corlatti
et al., 2022c), it is crucial to expand research efforts for delineating the current distribution range
and understand the chamois ecological needs at the subspecies level, prioritizing research for the
least studied subspecies that often are of conservation concern (Fig. 4.3).

We also found a growing research trend on chamois habitat selection over the last decades,
highlighting the increasing need to understand the ecological preferences of the species. Field
observations were the predominant method for data collection in habitat selection studies, and
telemetry was more commonly utilized to study home ranges (Fig. 4.4). Telemetry has been
employed primarily in Italy, followed by Switzerland and France, whereas field observations have
been conducted in all countries (Table S$1). Given the advantages of telemetry studies
(Hebblewhite & Haydon, 2010), we stress the need to promote its wider adoption, particularly in
countries with understudied or declining chamois populations. This requires not only targeted
knowledge exchange but also efforts to overcome financial and technical barriers that limit access
to telemetry tools and expertise. Supporting local researchers through funding, collaboration, and
training initiatives is critical for advancing chamois research and conservation across their full
range.

Home range

Our review showed substantial variability in individual home ranges (minimum-maximum home
range values) across the eight studies considered (Table 4.1). The area utilized by each chamois is
case-specific, and various local factors can influence it, explaining the variability in the home range.
These factors include food quality and quantity (Boschi & Nievergelt, 2003; Nesti et al., 2010),
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energy requirements, and territorial status (Lovari et al., 2006; Unterthiner et al,, 2012; von

Hardenberg et al., 2000). The home range estimation depends on the analytical methods and
sample sizes involved, further explaining the great variability found (Laver & Kelly, 2008). Inany case,
our review showed that chamois display smaller annual home ranges (0.61-1.21 km?; Table 4.1)
compared to other ungulates, such as the red deer (Cervus elaphus) (2-35 km?) (Mattioli et al.,
2022), the mouflon (Ovis gmelini) (2-17 km?) (Garel et al., 2022) and the ibex (Capra ibex) (6.1-22.6
km?) (Valldeperes et al., 2024).

Sex, dispersal behavior and predator presence can influence home ranges. According to the eight

studies reviewed, males tended to have slightly larger individual home ranges than females (Table
4.1), though the inverse pattern has also been reported once (Boschi & Nievergelt, 2003). Males
exhibit greater dispersal abilities to avoid inbreeding. However, females are more philopatric,

remaining in areas where they have established knowledge of local resources, which helps ensure
the survival of their offspring (Corlatti et al., 2022b; Loison et al., 1999). Furthermore, three studies
on alpine chamois confirmed that migrant males occupy larger home ranges and core areas than

residentmales, likely as they search for newterritories and mating opportunities. Onthe otherhand,
resident males tended to remain at lower altitudes with relatively small home ranges throughout
the year, defending their territories and enhancing reproductive success (Lovari et al., 2006; Nesti
et al.,, 2010; Unterthiner et al., 2012). However, dispersal status should not be confused with
territoriality, as territorial males are not necessarily residents, and residents are not necessarily

territorial (Cotza et al., 2023). Predator presence can also influence the space use pattern. In a

protected area with minimal human disturbance and no predators (Swiss National Park), female
chamois with offspring utilized larger areas than those without young to improve feeding conditions
(Boschi & Nievergelt, 2003). This pattern may be reversed in areas with higher predator presence

and human disturbance, where females with young might stay closer to escape terrain for
protection, similar to behaviors observed in other ungulates (Aycrigg et al., 2021; Bon et al., 1995;
Hamel & C6té, 2007).

Seasonality is another major factor influencing both individual home ranges and seasonal

population ranges. Most chamois populations exhibit smaller individual and population ranges
during the cold period in Europe (Crampe et al., 2007; Kati et al., 2020; Krofel et al., 2013; Lovari et
al., 2006; Nesti et al., 2010) and New Zealand (Clarke & Henderson, 1984), as winter harshness is
the primary stress factor limiting available resources. In warmer regions of Europe, however, this

pattern is reversed in population studies (Mediterranean seasonal range pattern), with summer
heat serving as the main stressor for the species in drier mountains (Papaioannou et al., 2015;
Papakostas et al., 2025b).

Currently, knowledge regarding the species' home range is based on only three subspecies across

four countries. Therefore, home range size and patterns may differ in other subspecies and habitats
where chamois exist. We recommend further research to investigate the remaining six
understudied subspecies in Europe and Asia.

Habitat selection

According to the review results, land cover and topography were the most well-studied categories.
Although disturbance and climatic factors may influence chamois habitat selection, their effects
remain poorly understood due to limited investigation.
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Topography

Topographic variables consistently influenced chamois habitat selection across all analytical
methods. The slope was examined in nine studies, and it was generally found to be positively
selected (in both GLM-type and ENFA-type studies). Our meta-analysis of the five GLM-type studies
indicated a significant annual effect and a non-significant seasonal interaction. However, as these
findings are based on only five studies, strong conclusions cannot be drawn. This preference likely
reflects the chamois’ morphological and behavioral adaptations to steep, rugged environments
that provide both forage and escape terrain. Steep slopes are critical escape terrain for chamois
and represent one of the most important factors influencing their habitat selection (Anderwald et
al., 2024; Lovari & Cosentino, 1986). Although our review revealed no seasonal variation in the
selection of slope, some studies have shown that chamois exhibit a preference for steeper slopes

during colder seasons compared to warmer months (Babaev et al., 2016; Corlatti et al., 2021;
Papaioannou etal., 2015).

Elevation has been well examined, showing a positive association with habitat use. Although
elevation did not show a statistically significant average effect across the five GLM-type studies, the
moderators explained a substantial portion of the between-study heterogeneity (R* = 43%),
suggesting that the role of elevation in habitat selection is highly dependent on season. In four
ENFA-type studies, 11 out of 13 cases indicated selection for higher elevations, particularly during
summer. This is consistent with the species' ecology, as chamois typically occupy higher-elevation
grasslands from late spring to autumn, up to 3,000 m above the tree line, and lower elevations in
forests during winter. However, some populations remain in forests throughout the year (Corlatti et
al., 2022b). During winter, the preference for lower elevations intensifies with increased
precipitation and wind speed (Anderwald et al., 2024). The use of elevation zones also depends on
competition with livestock, with chamois retreating to higher altitudes due to the presence of
livestock (Mason et al., 2014b) or colonizing abandoned livestock pastures at lower elevations
(Ciach & Peksa, 2019).

Aspect has been examined in five studies (four GLM-type and one ENFA-type study). It had no
significant effectin habitat selection according to the GLM-type studies. However, in one ENFA-type
study (Kati et al., 2020), north-facing aspects were selected in most cases, and south-facing slopes
mainly were avoided, indicating the species' capacity to cope with cold, snowy environments.
Aspect appears not to have a major effect on habitat selection, as the species can select different
aspects depending on local topography and climate, the season, and the availability of adequate
habitats across various aspects.

Land cover

Land cover factors revealed mixed patterns of selection across 13 studies, including snow/ice
cover, forest cover, rocks, grasslands, and bushlands. The results of the three GLM-type studies
indicated a significant overall annual avoidance pattern of snow/ice covered areas (Fig. 4.5). In
winter models, use of these habitats was higher compared to annual models, suggesting that the
effect is driven more by availability than by active selection. Chamois can avoid glacier-covered
areas (Baumann et al., 2005), not being substantially affected by snow cover (Forsyth, 2000), or
retreat to forested areas (interaction with tree cover density) in response to the first snowfall and
overwinter there in snow-covered areas (Anderwald et al., 2024) (Fig. 4.5).

Forested areas also exhibited highly variable selection patterns. Chamois selected forested areas,
but the effect size was weak in GLM-type studies (three studies). ENFA-based studies (three
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studies) revealed no consistent trend, with both positive and negative associations reported (score
0). In contrast, the two selection ratio studies indicated a rather positive association (score +2),
which also included neutral or negative cases. These mixed results likely reflect substantial
seasonal and regionalvariation in forest use, potentially driven by differences in dispersal behavior,
forest type and structure, and predation levels. Forests serve as typical winter habitats for chamaois,
providing essential protection from harsh conditions (Corlatti et al., 2022b). Historically, chamois
have inhabited forested regions since the Pleistocene (Baumann et al., 2005), indicating the long-

standing significance of forests as essential habitats for the species. Some chamois populations
are primarily forest-dwelling (Corlatti et al., 2022b), and forests can also act as refuges from high
temperatures (Anderwald et al., 2024) and adverse weather conditions (Ballo, 2010), even during
periods when chamois utilize open habitats.

Rocky habitats (six studies) had no significant effect in the single GLM-type study considered, but
they were positively selected according to two ENFA-type studies (Kati et al., 2020; Papakostas et
al., 2025b) and negatively selected according to two selection ratio studies (Pépin et al., 1997;
Unterthiner et al., 2012), one of which also mentioned a negative selection for escape terrain

(Unterthiner et al., 2012). Rocky areas are usually associated with the species' known preference
for rugged terrain and escape areas that offer protection from predators and human disturbance
(Anderwald et al., 2024; Babaev et al., 2016), as well as competition mitigation with other ungulates
and livestock (Chirichella et al., 2013). Itis possible that in areas of high poaching activity, chamois
may select rocky areas close to or within the escape terrain, while in the absence of poaching, no
such limiting factor would intervene in the habitat selection process. This appears to be the case for
the Maritime Alps Regional Parkin Italy (Unterthiner et al., 2012), where the species avoided screes,
presumably because it didn't need to hide from hunters, given the strict protection status of the
Park. On the contrary, a study in the Olympus National Park in Greece, where hunting is also
prohibited, but poaching still exists, the Balkan chamois selected areas near the escape terrain
during the non-touristic season (winter and spring), when poaching is presumed to increase due to
the absence of people and indirect control of illegal activities (Papakostas et al., 2025b). Another
important reason for selecting escape terrain could be predation by wolves, as this large predator
can make extensive use of chamois in his dietin some cases (Palmegiani et al., 2013).

The studies considering grassland (five studies) and bushland (four studies) as habitat selection
factors showed mixed results with a positive overall score, implying that chamois rather preferred
these land cover types (ENFA-type and selection ratios studies). Pattern variability likely reflects
seasonal movements, as chamois shift to high-elevation grasslands from spring to autumn, where
they exploit the onset of vegetation growth and associated nutritional benefits (Corlatti et al.,
2022b). Variability may also arise from differences in study area locations, as bushland and
grassland areas can occur at different elevation ranges across the various mountain ranges within
the chamois distribution. Additional variation may stem from differences in vegetation
classification, as grassland refers to both alpine and subalpine meadows, while bushlands include
various types, such as scrublands or Rhododendron moors.

Disturbance

Disturbance variables were less frequently examined (six studies). According to our results,
hunting, infrastructure, and then competition with wild ungulates and livestock were the most
substantial negative factors in descending order, while hiking trails had a relatively positive
influence on habitat selection (Fig. 4.6a). Disturbance from hunting has only been examined in a
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single study from Greece, where chamois hunting is prohibited nationwide, showing that chamois
consistently avoided hunting areas (Kati et al., 2020). These results may reflect the inadequate
hunting management practices in Greece. In contrast, in countries with well-structured
management plans, hunting is not typically considered a disturbance factor in habitat selection
studies. Further research is necessary to gain a clearer understanding of how hunting other species
impacts chamois habitat selection.

According to two ENFA-type studies (Kati et al.,, 2020; Papakostas et al., 2025b), chamois
consistently avoided infrastructures (roads and human settlements), highlighting the sensitivity of
this species to human presence. The construction of new roads degrades habitat quality and
increases anthropogenic disturbance, compelling ungulates to avoid such areas in various
ecosystemsworldwide (Bleich etal., 2009; Lian et al., 2012). Reducing road and other infrastructure
development in remote mountainous areas and preserving wilderness would halt land

artificialization and mitigate poaching pressure on chamois populations, thereby enhancing the
species' conservation (Kati et al., 2023a; Kati et al., 2023b; Papaioannou, 2021). Further research is
necessary to understand the long-term effects of infrastructure on chamois populations and their
habitat dynamics.

Hiking trails were included as a factor in three studies examining habitat selection. They had no
significant effect in the single GLM-type study (Ciach & Peksa, 2019), whereas they showed a
positive score on ENFA-type studies, involving both positive (Papakostas et al., 2025b) and negative
cases (Darmon et al., 2012). Chamois typically respond to human disturbances by altering their

activity patterns and avoiding areas with human presence (Kati et al., 2020; Oberosler et al., 2017;
Salvatori et al., 2023), including regions frequented by hikers (Courbin et al., 2022; Peksa & Ciach,
2018) and other recreational activities (Boldt & Ingold, 2005; Peksa & Ciach, 2015; Schnidrig-Petrig
&Ingold, 2001). However, they can become habituated to human presence in areas with high levels
of hiker activity (Courbin et al., 2022; Papakostas et al., 2025b). This habituation may explain the
positive effects observed in our analysis, combined with the energetic advantages of using trails for
large mammals. However, it could have negative consequences in areas where chamois hunting is

permitted, as they may remain tolerant of human activity even during the hunting season,
potentially leading to increased mortality rates (Courbin et al., 2022). Additionally, stress levels in
chamois could be elevated in areas with high tourist numbers (Zwijacz-Kozica et al., 2013).

Competition with other wild ungulates or livestock has been poorly investigated in habitat selection
studies. They had no significant overall effect according to the two GLM-type studies considered,
while one ENFA-type study showed a negative influence on habitat selection. The primary
competitors of chamois are red deer Cervus elaphus (Corlatti et al., 2022b). Red deer significantly
compete with chamois for habitat and resources, which adversely affects chamois survival rates

(Donini et al., 2021) and elevates stress hormone levels during warmer months when red deer
extend their range into chamois habitats (Formenti et al., 2018). In response, chamois may avoid
areas with high red deer populations, relocating to different habitats that often have lower forage
quality (Anderwald et al., 2015). However, the influence of red deer on the spatiotemporal behavior
of chamois is relatively weak in forested areas (Kavcic et al., 2021b). Another ungulate species that
caninfluence the spatial behavior of chamois is the mouflon (Chirichella et al., 2013). Livestock also
represents an important stress factor, as in areas where sheep or goats are present, fecal cortisol
metabolites (FCM) in chamois are elevated (Formenti et al., 2018). Chamois also tend to remain
closer to escape terrain when livestock herds are nearby, particularly in the presence of guardian

dogs (Chirichella et al., 2013). Given the limited research on the chamois competition with both wild
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and domestic ungulates, we propose further research in this field to enhance our understanding of
these interactions and theirimpact on the habitat use behavior of the species.

Climatic

Climatic variables had no significant overall effect based on a single GLM-type study (Anderwald et
al., 2024), while appeared generally neutral or produced inconsistent results based on three ENFA-
type studies (Anderwald et al., 2016; Darmon et al., 2012; Papakostas et al., 2025b) (Fig. 4.6a).
However, this pattern likely reflects the limited nhumber of studies that have explicitly included
climate-related variables rather than an absence of influence. In the context of accelerating climate
change, future habitat selection research should prioritize climatic drivers. Rising temperatures and
climate change are closely linked and can significantly impact various aspects of chamois ecology
and behavior alongside other examined factors (Lovari et al., 2020). Increased temperatures may
elevate stress levels in chamois (Anderwald et al., 2021b; Corlatti et al., 2023; Fattorini et al., 2023),

lead to declines in body mass (Mason et al., 2014a), or declines in yearling survival (Chirichella et
al., 2021). Inresponse, chamois may alter their daily activity patterns by shifting peak activity to early
morning or evening hours and increasing nocturnal behavior as a strategy to cope with elevated
daytime temperatures (Grignolio etal., 2018; Theletal., 2024) or move to forested areas that provide
shelter from high temperatures (Anderwald et al., 2024). Another critical adaptation to rising
temperatures is their tendency to disperse upslope in search of more favourable climatic
conditions. This upward movement can reach approximately 200 meters, resulting in a substantial
loss of their current habitat (Hoste et al., 2024). However, this prediction may be overstated; other
research suggests that livestock presence has a more pronounced effect on upslope movement
than temperature alone. Specifically, it predicts an average increase in the altitudinal range of
chamois of approximately 15-30 meters by 2100; this figure rises to approximately 125 meters
when accounting for livestock presence, leading to a projected 55% reduction in suitable habitat
across the Alps (Mason et al., 2014b). To enhance the accuracy of predictions regarding the future
distribution of chamois, it is essential to integrate vegetation models with climatic models. Failing
to do so may result in overly pessimistic outcomes (Thuiller et al., 2018).

Methodological insights

The current synthesis is a systematic but non-comprehensive review, based on Scopus-indexed,
peer-reviewed English-language publications. This approach was chosen to ensure
methodological consistency, transparency, and reproducibility across studies. We acknowledge
that relevant work on chamois ecology also exists in national journals, technical reports, and the
broader grey literature; however, most of these sources identified during our preliminary search
were descriptive in nature, often relying on outdated orincomparable methods for estimatinghome
range or reporting habitat use, and did not contribute quantitative information suitable for habitat
selection analyses. As a result, the present review should be viewed as afirst, structured synthesis
of the peer-reviewed evidence rather than an exhaustive overview of all available literature.
Importantly, the detailed and well-structured database compiled (Supplementary Spreadsheet)
provides a valuable foundation for future studies, including more comprehensive reviews that may
incorporate additional grey literature articles. We also note that the results related to land cover
types should be interpreted with caution, as habitat categories were defined differently across
studies, making direct comparisons difficult. These methodological inconsistencies, together with
variation in habitat availability across study areas, differences in sampling design, analytical
methods, and seasonality, likely explain the observed heterogeneity of land cover factors.
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Recommendations

This review synthesizes current knowledge on the home range and habitat selection of chamois.
While research is growing on these topics, most knowledge derives from R. r. rupicapra in the Alps,
reflecting its broad distribution and large population size. However, other subspecies remain
comparatively underrepresented in the literature, including several that are of conservation
concern. We recommend a broader geographic coverage in ecological chamois research, focusing
on the least studied subspecies that are of conservation concern, as well as the better integration
of telemetry methods and scientific networking. Land cover types and topographic variables were
the most well-studied in habitat selection studies, while disturbance and climatic factors were far
less studied. Future studies should incorporate these variables to understand better habitat
selection under potential growing anthropogenic and environmental pressures. The compiled
database of studies summarizing methods and results on chamois home range and habitat
selection can serve as a valuable foundation for future ecological research, particularly by
incorporating ecological modelling to enhance the reliability and comparability of findings.
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Chapter 5. Seasonal and diel activity patterns of the Balkan chamois in
Greece: first insights from camera trap data
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and diel activity patterns of the Balkan chamois in Greece: first insights from camera trap data.



Abstract

This study presents the first assessment of the activity patterns of the Balkan chamois (Rupicapra
rupicapra balcanica) in Greece using camera traps, with a focus on potential differences between
forested and open habitats. We deployed 49 camera traps across northwestern Greece (2015-
2020), targeting areas with high chamois presence. Thirty-nine cameras yielded usable data (6,152
camera days). We quantified Relative Abundance Index (RAIl) and analyzed seasonal and diel
activity patterns based on independent photographic events. Chamois showed a high RAI (43), with
daily activity ranging from 9:00 to 21:00 and a peak at 11:00. Chamois used both forested and open
areas, but we found no substantial differences in their activity patterns between the two. Nocturnal
activity was generally low but increased during autumn, coinciding with the rutting season. We
recommend a systematic camera trap deployment in future studies to evaluate activity overlap
with sympatric species and the effects of human disturbance on chamois behavior.

Keywords

Rupicapra; Forest; Nocturnal activity; Ungulates

Introduction

Researchers have traditionally studied animal behavior through direct observation and telemetry-
based tracking (Brown et al., 2013). However, technological advances have made camera trapping
a widely used, cost-effective, and non-invasive method for monitoring wildlife distribution,
abundance, and behavior (Burton et al., 2015; Rowcliffe et al., 2014). These remotely activated
cameras offer valuable data on species presence, population parameters, and activity patterns
(Caravaggietal., 2017; Tanwar et al., 2021), while also serving as an important tool for conservation
efforts (Caravaggi et al., 2017). Additionally, they play a crucial role in assessing the impact of
human disturbance on wildlife activity (Oberosler et al., 2017; Petridou et al., 2023; Salvatori et al.,
2023).

The Balkan chamois (Rupicapra rupicapra balcanica), a subspecies of the Northern chamois (R.
rupicapra), has an estimated population of 1,330-1,765 individuals across 30 populations in
Greece (Papaioannou, 2021), showing an overall increasing trend (Anderwald et al., 2021a).
Despite its protection under European legislation (Habitats Directive 92/43/EEC, Annexes Il and IV),
its current conservation status is Inadequate-Bad (U2) in Greece, though Rupicapra rupicapra has
a favorable status in Europe (EIONET, 2019). Although primarily diurnal, chamois show
considerable variation in daily activity patterns. Studies have reported unimodal peaks in early

morning (Sprem et al., 2015), bimodal peaks at dawn and dusk (Darmon et al., 2014; Mason et al.,
2014b), and multimodal patterns (Kavcic et al., 2021b), depending on various factors such as the

habitat type and seasonality. Factors such as predator presence also shape activity patterns of
ungulates (Heurich et al., 2014; Johansson et al., 2022; Ross et al., 2013). Although generally active
during the day, chamois can exhibit nocturnal activity (Carnevali et al., 2016; Grignolio et al., 2018),
particularly in response to high temperatures (Thel et al., 2024).

Our objectives were to i) provide a camera trap-based assessment of activity patterns of the Balkan

chamois in Greece and ii) test whether chamois exhibited different activity patterns between
forested and open habitats.
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Materials and methods

Study area

We defined the study area using a Minimum Convex Polygon (MCP) based on the locations of the
camera traps, in the Pindos mountain range (946 km2) (Fig. 5.1). The site includes seven habitat
types classified underthe EUNIS system (Davies et al., 2004) (Table A5.1), and fall within five Natura
2000 sites and four designated wildlife sanctuaries (Spreadsheet $1). Pindos supports 19 chamois
sub-populations (665-855 individuals), including the country’s largest population on Mt. Timfi (c.
469 individuals) (Kati et al., 2020; Papaioannou, 2021).

Data collection
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Fig. 1 Locations of camera trap stations, Natura 2000 areas, and wildlife sanctuaries in the Pindos mountain
range

We deployed 49 (21 open areas; 28 forests) Bushnell’ Trophy Cam HD camera traps (13/03/2015-
04/09/2020), selecting localities of steep slopes, and away from roads (Table 5.1), to maximize the
probability of recording chamois, based on expert opinion and chamois behavior in Greece (Kati et
al., 2020; Papakostas et al., 2025a; Papakostas et al., 2025b). We placed cameras 50-70 cm above
the ground, in photo-only mode operation, with medium sensitivity and three pictures per
detection. Once installed, the cameras remained at the same locations throughout their period of
operation. Field visits were limited to battery and memory card replacement. To reduce the
likelihood of repeated detections of the same individuals at nearby stations within the same
sampling period, camera traps in close proximity operated in different sampling periods.

Table 5.1 Description of the environmental characteristics of the camera traps localities in the study
area as average values (+ standard deviations), number of functional camera traps (N) in forests (G)
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and open areas (E) according to the EUNIS classification, total number of recording days and events
of chamois records, indicating the number of all events in parenthesis

Characteristic Value
Elevation (m) 1,637 (x491)
Slope (°) 23(x9)
Distance toroad (m) 1,681 (x691)
N in forests (G) 23
Ninopenareas (E) 12
Recording days 6,152
Chamois events (all events) 2,645 (6,173)

Photo processing and analysis

Atthe end of the sampling period, we retrieved the camera traps and manually identified allimages
using the open-access software Wild.ID (Rovero & Zimmermann, 2016). We then exported the full
database, including date, time, and species for analysis.

To reduce temporal autocorrelation, before all analysis we applied a temporal independence filter
to camera-trap detections. We considered detections of chamois at the same camera station as
independent events only when at least 15 minutes elapsed between consecutive records (Rovero
& Zimmermann, 2016). We computed camera trap days for each camera, as the total number of
24-hour periods between deployment and retrieval, or until the last recorded image in cases where
the memory card reachedfull capacity before retrieval. We then calculated the Relative Abundance
Index (RAI) by dividing the event count by the number of sampling days and multiplying by 100. We
used RAl solely as a measure of detection intensity, not as an estimate of true abundance.

Given that our sampling design focused on chamois, records of other species and human
disturbance were too sparse to support an activity-overlap analysis (Table A5.2). To assess
differences between forested and open habitats, we assigned EUNIS category G habitats as forests
and categories E and F as open areas. For a balanced comparison between habitat types, we
retained all cameras operating in open areas and randomly selected an equal number of the forest
cameras. We performed this random selection once prior to analysis and retained the same subset
of forest cameras across all seasons and analyses. To examine habitat and seasonal differencesin
activity, we used the package “overlap” to create kernel density estimation curves (Meredith &
Ridout, 2014), and we calculated the coefficient of overlap A, between each pair (Ridout & Linkie,
2009). The coefficient A ranges from zero, which indicates no overlap, to one, which indicates
complete overlap, and is considered high if A>0.75, intermediate if 0.50< A <0.75, and low if A<0.50
(Monterroso etal., 2014). We then estimated the 95% confidence intervals of the overlap coefficient

using 10,000 bootstrap replicates (Rovero & Zimmermann, 2016). We conducted all analyses in R
(version 4.3.0) (R Core Team, 2023).

Results and Discussion

Wildlife and human disturbance

Thirty-nine cameras (16 open areas; 23 forests) accumulated 6,152 camera days (mean per site
158+139), distributed across all months (mean per month 513+121) (Spreadsheet S1) (Table
A5.3). We recorded 6,173 independent events, including 3,259 of wild mammals. Among mammal
species, chamois had the most events (2,645), followed by European hare Lepus europaeus (175)
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and wild boar Sus scrofa (117); with the grey wolf Canis lupus (20) and roe deer Capreolus capreolus
(18) rarely detected. Chamois had the highest RAI of all recorded species, with a value of 43 (Table
A5.2). This outcome is expected because we placed the cameras in suitable chamois habitats,
characterized by steep and rugged terrain (Anderwald et al., 2024; Corlatti et al., 2022b), maximizing
its detection probability, in areas of very low human disturbance and low pressure from predators
or other herbivores (Table A5.2). These habitats likely also provide refuge from predators and
reduce interspecific competition. The low detection rates of large predators may indicate that these
habitats provide a degree of natural protection. However, more extensive spatial sampling is
needed to confirm this.

Forest cameras (15 stations) recorded 1,317 chamois events over 5,266 camera days, while open-
area cameras (15 stations) recorded 1,354 events over 1,835 days. The RAl was lower in forests (25)
than in open areas (73.8). These results suggest that chamois use both habitats, but appear more
frequently, or are more easily detected, in open alpine grasslands. This may reflect detectability
bias, as open areas offer wider fields of view, while forested terrain limits visibility due to vegetation
and slope.

Activity patterns

Chamois activity varied across months, peaking in May (551 events), June (511), and October (442),
and dropping to its lowest in January (27), February (31), and December (31). Seasonally, activity
was highest in summer (985 events), followed by autumn (793), spring (778), and winter (89). In
forests chamois had the most events in spring (565), followed by summer (521), autumn (171), and
winter (60). In open areas, autumn (621) and summer (471) had the most events, while spring (235)
and winter (27) had lower numbers. Considering the full dataset and both habitat types, spring and
summer showed the highest activity overlap (A,=0.93, Cl: 0.89-0.95), whereas summer and
autumn showed the lowest overlap (A,=0.74, Cl: 0.71-0.78) (Fig. A5.1).

Chamois showed peak daily activity around 11:00, with general activity spanning from 9:00 to 21:00
across the year (Fig. 5.2). Both in forests and open areas, activity peaked around 11:00, while the
overall activity was highly similar (A,=0.88, Cl: 0.85-0.90) (Fig. 5.3). We did not observe a clear
bimodal pattern, reported in chamois (Darmon et al., 2014; Mason et al., 2014b) and other
mountain ungulates (Li et al., 2020), nor a unimodal pattern (Sprem et al., 2015). Instead, activity
patterns varied seasonally and were often multimodal, as observed in other populations (Brivio et
al., 2016; KavCi¢ et al., 2021b).
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Fig. 5.2 Annualdistribution of daily activity of the Balkan chamois in the Pindos mountain range
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Fig. 5.3 Annual distribution of daily activity of the Balkan chamois in forested and open areas of
the Pindos mountain range

In summer, chamois showed a bimodal pattern in forests and a unimodal one in open areas:
forested areas had activity peaks at about 6:00 and 17:00, whereas open areas showed a single
peak at about 9:00. The activity overlap between the two habitat types was high (A,=0.91, CI=0.87-
0.94) (Fig. 5.4a). In spring we also found a unimodal pattern in both areas, with a peak of activity at
around 9:00, (A,=0.82, CI=0.8-0.87) (Fig. 5.4b). A study from Croatia reported a unimodal pattern in
forest-dwelling chamois, likely linked to predator avoidance (Sprem et al., 2015). This was not the
case in our study sites, where predator presence was low (63 records of bear and wolf) (Table A5.2).
In open habitats, chamois reduced their activity during the hottest hours, indicating heat avoidance
(Thel et al., 2024), particularly in summer. This thermoregulatory behavior may intensify under
climate change, potentially altering daily activity patterns and rut behavior (Garcia etal., 2014). Such
shifts could be more pronounced in arid regions, where Balkan chamois already adjust their
seasonal range in response to drought (Papaioannou et al., 2015; Papakostas et al., 2025b).

In autumn, chamois also displayed a high overlap in activity patterns between forested and open
areas (A,=0.92, Cl=0.89-0.95). In autumn, the pattern was highly multimodal, with forested areas
showing peaks at around 9:00 and 15:00, while open areas at around 9:00 (Fig. 5.4¢). We suggest
that, in autumn, the multimodal activity pattern and the substantially higher nocturnal activity
compared to the rest of the year may occur due to the aligning with the rutting season. While

nocturnal activity is reported year-round (Carnevali et al., 2016), it often intensifies during the rut
(Grignolio et al., 2018), a pattern that our results may also reflect. Nocturnal activity of chamois can
alsoincrease in response to heat (Thel et al., 2024), though we did not observe such behavior during

warmer months.

Winter activity was multimodal and remained relatively low in both habitat types, with a peak at
about 19:00 in forests and about 9:00 in open areas (Fig. 5.4d). The limited number of winter
detections prevents firm conclusions about chamois activity during this season. The observed
reduction in winter activity may reflect seasonal movements to lower altitudes, as reported for
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chamois populations elsewhere (Corlatti et al., 2022b), although our data do not allow direct
evaluation of this process. Reduced food availability and deep snow may further restrict winter
movement (Brivio et al., 2016). Overall, we found no significant differences in activity patterns
between forested and open areas. Similar patterns have been reported for Alpine chamois (Sprem

etal., 2015).
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Fig. 5.4 Seasonal distribution of Balkan chamois activity in forested and open areas of the Pindos mountain range: a) summer, b) spring, ¢) autumn, d)
winter. Vertical dashed lines represent the average sunrise and sunset times

Research perspectives

In this study, we adopted a camera-trap desigh aimed at maximizing the probability of detecting
Balkan chamois in order to provide a first assessment of the species’ diel and seasonal activity
patterns in Greece. Camera placement was opportunistic and targeted areas of high chamois use,
which limits spatial independence and precludes strict comparability of sampling effort across
seasons and years. Consequently, the activity patterns presented here should be interpreted as
descriptive patterns associated with high-use areas. Although camera placement did not avoid
spatial autocorrelation, our study did not aim to estimate density or abundance, which require
spatial independency of the cameras. Instead, we focused on describing diel and seasonal activity
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patterns, which emphasize the temporal distribution of detections. This targeted design also limited
our ability to perform comparative activity analyses with other species or to assess the effects of
human disturbance. Future studies should therefore deploy camera traps using systematic and
spatially balanced designs across habitat types and elevation gradients, enabling robust evaluation
of interspecific interactions, and anthropogenic impacts. Further research is also recommended
onchamois activity patternsin drier and hotter Mediterranean mountain systems, where behavioral
plasticity may become increasingly important under ongoing climate warming.

Funding

The field research was based on volunteering, with equipment funded by the A. G. Leventis
Foundation (Balkan Chamois Society), and on the funding of the Management Units of Protected
Areas —NECCA (formerly Management Bodies of Protected Areas) through various programs of the
Ministry of Environment and Energy. The Hellenic Foundation for Research and Innovation (HFRI)
supported the work of K.P. under the 4" Call for HFRI Ph.D. Fellowships (Fellowship Number:
10577).

Appendices 5

Table A5.1 Total area (km?) of the habitat types at the two study areas, based on the EUNIS
classification system (Davies et al., 2004)

Label Habitat Pindos (km?)
C1 Surface standing waters 6.6
C2 Surface running waters 0.4
D5 Sedge and reedbeds, 0.7

normally without free-
standing water

E1 Dry grasslands 441
E2 Mesic grasslands 71
E3 Seasonally wet and wet 5.2
grasslands
E4 Alpine and subalpine 25.9
grasslands
F2 Arctic, alpine and subalpine 371
scrub
F3 Temperate and 0.1
mediterranean-montane
scrub
F5 Maquis, arborescent matorral 241
and thermo-Mediterranean
brushes
FB Shrub plantations 0.05
G1 Broadleaved deciduous 3135
woodland
G3 Coniferous woodland 220.5
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G4

G5

H2
H3

H5

n

J2
3
Ja

Mixed deciduous and
coniferous woodland
Lines of trees, small
anthropogenic woodlands,
recently felled woodland,
early-stage woodland and
coppice
Screes
Inland cliffs, rock pavements
and outcrops
Miscellaneous inland habitats
with very sparse or no
vegetation
Arable land and market
gardens
Cultivated areas of gardens
and parks
Buildings of cities, towns and
villages
Low density buildings
Extractive industrial sites
Transport networks and other
constructed hard-surfaced
areas

106.3

62.5

5.2
8.6

12.3

31

0.1

0.8

4.3

0.1
1.6

Table A5.2 Relative Abundance Index (RAl) and Relative Frequency of Registrations (RFR) per event
category for 6,152 camera trap days (2015-2020; 39 camera traps) in Pindos mountain range

Category Species Events RAI RFR RFR per category
Chamois Rupicaprar. balcanica 2,645 43 0.43 0.43
Ursus arctos 43 0.7 0.007
Chamois predators Canis lupus 20 0.32 0.003 0.01
Other herbivores Capreolus capreolus 18 0.29 0.003 0.003
Canis lupus familiaris 66 1.07 0.01
Ovis/Capra aries / hircus 52 0.84 0.008
Human disturbance Humans (shepherd, hunter, hiker) 48 0.78 0.008 0.03
Lepus europaeus 175 2.84 0.03
Vulpes vulpes 115 1.87 0.02
Sus scrofa 117 1.9 0.02
Martes sp. 51 0.83 0.008
Other mammal species Meles meles 49 0.8 0.008 0.08
Bird species - 78 - - -
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Unidentifiable
objects/Blank Photos - 2,618 - -

Total - 6,173 - -

Relative Frequency of Registrations (RFR): a given species detections divided by all recorded events

Table A5.3 Camera-trap sampling effort used to describe seasonal activity patterns of
the Balkan chamois in the Pindos mountain range. The table reports, for each season
and month, the number of active camera-trap stations, the total number of stations
active per season, and the percentage of active stations relative to the total number of
deployed stations (n = 39)

Season Month Active camera stations Active camera % of the total
per month stations per season stations

December 14

Winter January 19 22 56.4
February 16
March 14

Spring April 21 28 71.8
May 24
June 24

Summer July 18 34 87.2
August 17
September 16

Autumn October 15 22 56.4
November 11
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General Discussion and Synthesis

Overview

This thesis aimed to improve the ecological knowledge and conservation of the Balkan chamois in
Greece by combining fieldwork, spatial modelling, behavioral analysis, and a wider review of the
current knowledge on the species. | examined seasonal range patterns and habitat selection in two
mountains with different climatic conditions (Olympus: dry; Oiti: wet), analyzed diel and seasonal
activity patterns at a regional scale, and evaluated the potential impacts of renewable energy
infrastructure. | also synthesized existing research on home range and habitat selection for both
Northern and Southern chamois. Together, these components offer an integrated view of the
species’ ecology and can better inform conservation measures.

Seasonal Population Range Patterns

Mt. Olympus and Mt. Oiti represent two mountains with different climatic and habitat conditions
and provide avaluable comparison. The chamois on Mt. Olympus showed clear seasonal variation
in range use, with the warm period emerging as the main stress period (Papakostas et al., 2025b).
Summer and autumn had the smallest population range areas, which reflects the Mediterranean
seasonal range pattern, where summer drought constitutes the major ecological constraint (Table
6.1). In addition, Mt. Olympus lacks permanent water sources above 1,000 m during the warm
season. As a result, chamois rely on morning grass dew or on snow remnants in shaded areas to
meet their water requirements. The limestone bedrock of Mt. Olympus likely explains the absence
of permanent surface water. Similarly, the limestone substrate of Mt. Giona, combined with dry
conditions during the warm period, leads chamois to follow the Mediterranean seasonal range
pattern (Table 6.1) (Papaioannou et al., 2015).

In contrast, Mt. Oiti showed limited seasonal shifts, with small differences among seasons and high
overlap between seasonal ranges (Table 6.1) (Papakostas et al., 2025a). The geological substrate,
characterized by a high proportion of flysch, together with increased water and forage availability,
likely explains the reduced need for seasonal movement on Mt. Oiti, where numerous mountain
streams and grasslands occur.

The presence of flysch and the high annual precipitation on Mt. Timfi lead the local chamois
population to follow a typical Continental seasonal range pattern (Table 6.1) (Kati et al., 2020),
similar to that observed in other European mountain systems, where the cold period represents the
main ecological constraint.

Overall, these differences highlight the strong influence of local climate and landscape structure on
chamois spatial ecology and reveal the considerable plasticity of the species. Different populations
can adjust their behavior to local conditions and successfully persist under contrasting
environmental settings, even when the geographic distance between populations remains
relatively small.



Table 6.1 Annual and seasonal population ranges (kmz) of the Balkan chamois in four Greek
mountains, together with annual precipitation (mm) and the corresponding seasonal range use
pattern

Mountain Annual Annual Spring Summer Autumn Winter Seasonal
Precipitation Range range range range range pattern
Olympus 841 103 140.3 86.2 43.2 201.2  Mediterranean
Oiti 854 50 32.9 31.5 36.9 36.6 Stable
Timfi 1,560 64.9 34.1 40.2 35.6 321 Continental
Giona 1,191 55 43.2 16.7 30 35 Mediterranean

Habitat Selection Across Mountains

Despite the ecological contrast between Mt. Olympus and Mt. Qiti, several consistent habitat
preferences emerged. The chamois favored steep and rocky areas that provide secure escape
terrain, especially during spring and winter. This preference aligns with the ecology of the species,
where escape terrain availability strongly shapes space use (Corlatti et al., 2022a). Topography
represents one of the most extensively studied habitat selection categories, as highlighted in
Chapter 4, with 13 studies and 162 reported cases. Steep slopes, elevation, and escape terrain
consistently showed positive selection by chamois, which closely aligns with the findings from Mt.
Olympus and Mt. Oiti.

Human disturbance also played a major role on both mountains. The chamois on Mt. Olympus
tolerated proximity to hiking trails, likely due to habituation to hikers, but avoided roads. On Mt. Oiti,
the species avoided roads, livestock pens, and hunting grounds. These results align with previous
findings from Mt. Timfi in Greece (Kati et al., 2020), and show that human disturbance can strongly
influence habitat selection. The review presented in Chapter 4 further supported these findings.
Human disturbance accounted for 42 cases across six studies, with hunting emerging as the most
negatively selected factor, showing negative selection in all six cases. Infrastructure followed as the
second most negatively selected factor, with 15 negative and one neutral response out of 16 cases.
Land cover factors do not exert a consistent influence on chamois habitat selection, as their effects
depend strongly on the study area and the season. For example, chamois on Mt. Oiti occupy mainly
forested habitats throughout the year, whereas on Mt. Olympus they select forested areas primarily
during winter. Land cover variables formed the most extensively studied habitat selection category
in Chapter 4, with 13 studies and 203 cases, which highlights theirimportance for chamois habitat
selection while also confirming the inconsistent selection patterns of most land cover factors. Itis
also important to clarify that we mainly address habitat selection rather than habitat preference,
since the true preferences of the species may not be available within a given study area, orin some
cases, preferred habitats may remain inaccessible due to external constraints, such as human
disturbance (e.g. chamois may use forested habitats during summer instead of open grasslands
because of human disturbance in the grasslands).

Activity Patterns

The activity analysis revealed moderate to high overlap among seasons, with a main peak in the
morning. Chamois showed no signhificant difference in activity patterns between forested and open
areas, which aligns with results from Croatia (Sprem et al., 2015). The species increased nocturnal

101



activity during the rutting period, a pattern also reported in other chamois populations (Grignolio et
al.,, 2018). Chamois reduced their activity in open areas during the hottest hours of summer,
indicating heat avoidance as documented in other studies (Thel et al., 2024).

Threats and Pressures

The thesis findings confirm that human disturbance represents one of the most important
pressures on the species. Poaching remains the major threat in Greece, particularly for isolated
populations with limited ability to recover. Roads, livestock activity, and hunting areas act as strong
negative predictors of habitat selection. Renewable energy infrastructure also poses a growing
threat, since many planned projects overlap with suitable chamois habitats. Tourism and climate
change add further stress, especially in mountainous regions already affected by drought and
habitat degradation. However, the Balkan chamois population on Mt. Olympus appeared to benefit
from the presence of hikers, likely because human presence reduced poaching risk (Papakostas et
al.,, 2025b). Fragmented populations with weak connectivity face an increased risk of genetic
isolation, which reduces the long-term viability of the species. These threats interact across spatial
scales and require coordinated management across regions and administrative boundaries, as
well as collaboration with neighboring countries.

Methodological Contributions

This thesis contributes several methodological advances. | developed an approach for mapping
escape terrain by combining slope steepness with spatial extent, which improved the ecological
interpretation of habitat models. | applied seasonal ENFA for chamois in Greece, providing a useful
framework for habitat selection analysis when telemetry data are limited. | integrated renewable
energy infrastructure into species distribution models, which offers guidance for spatial planning
decisions. | produced the first activity pattern analysis for Balkan chamois in Greece, using camera
trap data. | also synthesized the global literature on habitat selection and home range, which places
the Greek findings in a broader ecological context and supports cross-regional comparisons.

Conservation Implications

The thesis findings have strong relevance for conservation planning and align with the measures
proposed in the National Action Plan (Papaioannou, 2021).

Expanding hunting-ban zones to cover suitable habitat would substantially improve protection of
the species, while maintaining roadless areas and limiting new road construction would reduce
poaching risk and overall human disturbance. Greece follows a hunting system that differs
markedly from those implemented in most other European countries, where clearly designated
hunting grounds facilitate the application of structured hunting management plans and species-
specific conservation measures. In Greece, hunting is permitted almost everywhere, except within
hunting-ban areas such as wildlife sanctuaries, national park core zones, and residential areas. This
policy prevents effective management, as it makes it impossible to accurately control harvest
numbers, detectviolations, or monitor population size in order to define sustainable harvest limits.
As a result, the current framework creates significant challenges for both conservation authorities
and hunters. The first rough estimate of the total hunting-ban area in Greece in 2019 reached
21,842.37 kmz, which corresponds to 16.54% of the country, while areas where hunting was
prohibited specifically for wildlife conservation covered 9.16% of Greece (Kati et al., 2020). An

update of the hunting legislation is therefore necessary, moving towards a single and clearly defined
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legal framework that establishes an explicit hunting system and management plan, comparable to
those applied in other European countries.

Water provision in dry mountains, such as Mt. Olympus and Mt. Giona, would support chamois
populations during the warm period, a management practice already applied in other countries, for
example on Mt. Biokovo in Croatia (Nikica Sprem, personal communication, 2025). We
recommend the establishment of artificial water holes or water troughs in arid mountain areas
within the chamois distribution range, combined with regular monitoring to ensure refilling and
maintenance. This measure would not only mitigate water limitation during summer but also offer
an opportunity for further research on how artificial water sources influence the spatial ecology and
behavior of the Balkan chamois.

Livestock management in key pastures is also important to ensure forage availability and to reduce
competition and disturbance caused by sheepdogs. We recommend a comprehensive
assessment of habitat carrying capacity across the chamois distribution range in order to
determine sustainable livestock numbers that do not create resource limitation for chamois and
other wild herbivores. Such information would facilitate the implementation of sustainable grazing
plans. These plans should also account for additional pressures on chamois arising from shepherd
dog disturbance and displacement, as well as the risk of disease transmission.

Spatial planning should prevent the placement of renewable energy projects within suitable
chamois habitat and high-quality movement corridors. This includes discouraging large-scale
renewable energy developments, other land-consuming projects, and associated road expansion,
given their expected negative impacts on chamois populations. Greece has already implemented
aroadless policy that provides strict, although provisional, protection to nine remote mountains of
high natural value (Kati et al., 2023b; Kati et al., 2022), benefiting the chamois populations. In
addition, the Greek government aims to protect 55 mountains under target 15.4 of the Sustainable
Development Goals, which focuses on the conservation of mountain ecosystems (Hellenic
Republic, 2022; UN, 2015). These initiatives align with the National Action Plan, which recommends
the expansion of roadless areas and the modification of major construction projects through
alternative solutions within the species’ distribution range.

Strengthening cross-border collaboration across the Balkans remains essential for the long-term
conservation of the Balkan chamois. Several Greek populations occur close to international
borders, including Mt. Nemertsika, Rhodope, and Mt. Grammos, which makes cooperation
necessary for effective monitoring and the prevention of poaching incidents. Coordinated cross-
border responses following illegal activities would further enhance conservation effectiveness and
population security.

Research Limitations

The analysis faced several limitations. The absence of telemetry data restricted the ability to
describefine-scale movement and habitat selection at the individual level. The cameratrap dataset
also lacked a spatially systematic sampling design, which limited the assessment of potential
competition with other ungulates, predator avoidance, and human disturbance.

Future Directions

Future studies on the Balkan chamois in Greece should incorporate GPS collar data to better
assess the spatial ecology of the species, while also accounting for individual and sex-specific
variation. GPS collars can also provide robust information on activity patterns by allowing the
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identification of behavioral states, an aspect that even systematic camera trap monitoring cannot
fully capture.

In addition, future research should aim to update and refine the national habitat suitability map for
the species and to assess potential habitat loss and fragmentation under different climate change
scenarios and renewable energy development pathways.

FinalRemarks

This thesis provides a comprehensive assessment of the ecology and conservation needs of the
Balkan chamois in Greece. It highlights both the resilience and the vulnerability of the species and
offers practical guidance for strengthening protection at local, national, and regional scales. The
work contributes to the scientific foundation needed to implement the National Action Plan and
supports broader conservation efforts across the Balkans.
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