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Martepuans! Il MexayHapoaHoi paboyeii BCTpeuun no peabunutauum n peuHTPOAYKLMK KPYMHbIX XWLLHBIX MIIEKONUTaoLWmX

BONPOCHI MTPUMEHEHUA MOOENTMPOBAHUA NMPOCTPAHCTBEHHOIO
PACMPEOENEHUA BUOOB B PEMHTPOOYKUWU XULLUHBIX MITEKOMUTAIOLLIUX
(HA MPUMEPE NEPEOHEA3UATCKOIO JIEONAPLA)

MuwerycoB P.X.', lumeHHukoBa A.A.%, dpHaHaec-BnaHko X.A.%, Yuctononosa M.[.2,
Mxutukos A.B.", Tpenet C.A.2, JpoHoBa H.A.*, HangeHko C.B.%, PoxHoB B.B.?

Uncmumym sxonoeuu eopnwvix meppumopuii um. A.K. Tewbomosa PAH, Mockea, Poccus
2Uncmumym npobnem sxonoeuu u somoyuu um. A.H. Cesepyosa PAH, Mockea, Poccus
*Kasxaszckuii npupoonuiil ouocgepnvlil 3anogeonux um. X.1. lanownuxosa, Couu, Poccus
*WWF Poccuu, Mockea, Poccus

KuroueBble ciioBa: nepeiHeasnarckuii neonapn, Panthera pardus ciscaucasica, mooenuposarue mecmooou-
MaHUil, CRYMHUKOBYII MOHUMOPUHE, peunmpooykyus, Maxent.

O1eHKa MPUTOIHOCTH CPEIbl OOUTAHUS U DKOJOTMYECKHX (PAKTOPOB, CIIOCOOCTBYIOIINX d(PQeK-
THUBHOM PEUHTPOAYKIIUU BUIOB, BaXKHaA JJIs1 TIOHUMAaHUSA O6LLII/IX 3aKOHOMepHOCTeFI UX IIPOCTPAHCTBEH-
HOTO PACIpEAeIeHH s], BEIICICHHS ONTHMAIBHBIX ISl PEUMHTPOAYKIIMU TEPPUTOPHI, MOHUTOPUHTA U
YTIpaBIEHNUS IPOLECCAMH MOCNIEMYIOMIET0 PacIpoCTpaHEeHHs *KUBOTHBIX. B mociennue aBa necaruie-
THSI OCHOBHOM TPEHJ B JaHHOW 0OJIaCTH HaIpaBieH Ha MCHOJIb30BaHUE KOJMYECTBEHHBIX METO/IOB M
METOZIOB TPOCTPAHCTBEHHOTO MojenpoBaHus. CoueTaHne OLEHKH MPUTOAHOCTH Cpe/bl OONTaHMS 1
0COOCHHOCTEH PacrpOCTPaHEHUsI BUOB )KUBOTHBIX MCIIOJBb3YIOTCSI JUTS pa3padOTKU CTATHCTHYECKUX
Mozenel Ha ocHoBe ['MIC M KONMUYECTBEHHBIX OLCHOK apeaja Pa3INYHBIX MIICKONHUTAIOIINX, B TOM
YHCIIe XUIHBIX, BO (pparMeHTHPOBaHHbIX JanAmadrax. [Ipu MogeanpoBaHun apeaioB 3a4acTyio 60-
JIee MPeIIOYTUTEIBHBIMH SBISIIOTCSE MeTosl ENM, padoraromye ¢ JaHHBIMU TOJIBKO O IPHCYTCTBUH
BHJIOB B aHAIU3UPYEeMOM NpocTpaHcTse. IlomynsapabiM 3G GEeKTHBHBIM METOIOM MOJEINPOBAHHUS pac-
TIpe/IeSICHUs] BUJIOB TOJIBKO T10 IPHCYTCTBUIO SIBJSIETCS METOJ, MaKCHMMaJIbHOW SHTponuu Maxent, 1mo-
3BOJISFOIINIT OCTPOUTH TOYHBIC IPOTHO3HBIC MOJEIN.

B pamkax nmporpammsl 0 BoccTaHOBIEHUIO Jeonapaa Ha KaBkase B 2016 u 2018 rr. 6butn BBITy-
IIEHBI B IPUPOY IepBEIe Jeonapasl, MedeHsle GPS-omelHrKaMu cO CITy THUKOBBIMU HepeIaTINKaAMH.
JlaHHBIE C OIIEHHWKOB MCIOJNB30BaHbI ISl CO3AAHHUA U BepU(DHUKALIMN MAaTeMaTUIeCKOH MOJENIH Io-
TEHIMAIIbHBIX MECTOOOUTAHMII JIeonap/a 1 OLEHKEe BO3ZMOXHOTO HCI0Ib30BaHus UM. C LIEIIbIO TIOBbI-
meHns 3G(HEeKTUBHOCTH IIPOTpaMM PEHHTPOAYKIHH Ha KaBkase, ¢ y4eTOM MHPOBOTO OIIBITA, PEIIANn
cienyrowmue 3axauy: 1. BelsgBiaeHHe ONTUMANIBHBIX Ul PEUHTPOLYKLMH 00NacTel Ipu MNOMOIIM UMU-
TAIlMOHHOTO MOJICITHPOBAHUS, C YUETOM KaK HCTOPUUSCKH CIOXKHBIINXCS YIaCTKOB MECTOOOUTaHUH Ha
KaBkase, Tak ¥ HOBBIX JIaHJUIA(QTHO-KINMATUUECKUX YCIOBHH MOTEHI[HANIBHO NPUTOAHBIX AT 00H-
TaHMs BUJA TeppuTopuii; 2. OnpesesieHne SKOIOrHIecKHX (paKkTopoB, BIUIOMNX Ha 3 (EKTHBHOCTD
peuHTpOIyKIMHK momynsnuif; 3. OneHka cpenbl OONTaHUs ¢ TPUMEHEHNEM TIPOCTPAHCTBEHHO-SIBHBIX
MOJIeJIeH, B KOTOPBIX IeOnH(OPMAIMOHHbBIE CHCTEMBI HCIIONIb3YIOTCS [UIsl YTOYHEHUS! TOTSHIMAIBEHO
MIPUTOIHBIX YYaCTKOB, II0 COBOKYITHOCTH YCIIOBHH, aHAJOTUYHBIX ONTHMAJILHON Cpesie 0ONTaHMUs.

AHanu3 pesysbTaToB MOJEIMPOBAHMS IMOKA3all BBICOKYKO TOYHOCTH OINpENENEHHs MpeCKa3aHHbIX
Touyek. CraHmapTHas ommoKa (OLEHKa IUIOMAIH MOJ KPUBOH) XapaKTepH3yeTcsl BEICOKUM IOKa3aTesieM
(AUC=0,944 nns onpenensemsix gaHbIX 1 0,947 — mi1s TecToBBIX). KpBbIe pacnpeneneHus TeCTOBBIX U
TPEHUPOBOYHBIX 3HAYCHUH PACIIONIOKEHBI JANEKO OT LEHTPAIbHON JIMHNY (Ha/IeXHOCTH POTHO3a MOJIEIH
Ha CITyJaifHOM yPOBHE), T.¢. O’KHAAeMast IPOrHOCTHIECKAst CHOCOOHOCTB ITOTYIEHHON MOJIEIH BBICOKA.

Hcnonb3yemast METOMKa KOMIUIEKCHOTO aHaJIM3a 0COOCHHOCTEH SKOJIOTHU BU/A U COBOKYITHOCTH
(haxTOpoB Ccpeabl ¢ MPUMEHEHHEM METOI0B MPOCTPAHCTBEHHOTO aHAIN3a M MOJICIIUPOBAHNS, 3aBUCUT
OT IOJIHOTHI MPEJICTABIIAEMBIX JJAHHBIX, TO3BOJISISL IPH BEpU(UKALIMHU MOBBILIAT TOYHOCTh U KA4E€CTBO
HHTEPIPETAINU MOEIN. BO3MOXHOCTS BHECEHUSI B MOZIEIIb IAHHBIX O YHCICHHOCTH KOPMOBOH 0a3bl
neonapaa u e€ Ce30HHOM pacpe/eNIeHIH 3HAYUTEIbHO YTOTYHUT MOZENb U OBBICUT CTETIEHb KOHTPOJIS
OMOJIOTHYECKOT0 CMBICIIA TIOJMYYEHHBIX PEe3yJIbTaToB. Pe3yibTaThl MO3BOJISIOT MOBBICUTH d(deKTHB-
HOCTb Mep, HAaIlPaBICHHBIX HA COXPAaHEHHE U BOCCTAHOBJICHHUE PEIKUX M MCUE3AIOIINX KOMIIOHCHTOB
sKocucTeM. Ha crnenyromux sranax aHanusa npegnonaraercs Gpopmuposanue jSDM mozenu, paccuu-
THIBAIOMICH COBMECTHOE OOMTaHME BUJIA, C YUCTOM KOHKYPCHTHBIX, ITUIIEBBIX OTHOIICHUH, HEPapXH-
yeckoe mMozenupoBanue coodmects BuaoB (HMSC), uTo mo3BosisieT HHTErpUpoOBaTh JaHHBIE 1O HKO-
JIOTHM COOOIIECTB C JAHHBIMH O KOBAPUATAX OKPYXarolleil cpelsl B MPOCTPAHCTBEHHO-BPEMEHHOM
KOHTEKCTE MCCIIEA0BAHMs, 00ecneunBas MPOTHOCTUIECKOEe TOHNMAHHE TIPOIECCOB B COOOIIECTBE HA
OCHOBE JIaHHBIX HAOJIIOAEHNUH 3a cOO0IECTBAMU BUJIOB.
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APPLICATION OF SPECIES DISTRIBUTION MODELING IN THE REINTRODUCTION
OF PREDATORY MAMMALS (ON THE EXAMPLE OF THE PERSIAN LEOPARD)

Rustam H. Pshegusov’, Anna A. Yachmennikova? Jose A. Hernandez-Blanco?,
Maria D. Chistopolova?, Alim B. Pkhitikov', Sergei A. Trepet?®, Natalia A. Dronova*,
Sergei V. Naidenko?, Viatcheslav V. Rozhnov?

'A.K. Tembotov Institute of Ecology of Mountain Territories, RAS, Nalchik, KBR, Russia
2A.N. Severtsov Institute of Ecology and Evolution, RAS, Moscow, Russia
*Kh.G. Shaposhnikov Caucasian State Nature Biosphere Reserve, Sochi, Russia
*WWEF-Russia, Moscow, Russia

Keywords: Panthera pardus ciscaucasica, habitat modeling, satellite monitoring, reintroduction, Maxent.

Assessment of habitat suitability and environmental factors contributing to the effective re-
introduction of species is important for understanding the general patterns of species spatial dis-
tribution. Such studies are also necessary to identify optimal areas for reintroduction, monitoring
and management of the subsequent distribution of animals. Over the past two decades, the main
trend in this scientific field has been directed at the use of quantitative methods and methods of
spatial modeling. The comprehensive assessment of habitat suitability and distribution patterns
of animal species including predatory mammals, were used to develop statistical models based
on GIS and quantitative estimates of the ranges in fragmented landscapes. Species distribution
modeling (SDM) methods, which deal only with the presence points of species in the analyzed
space are often more. Maxent is a popular effective method of SDM only by presence points, as it
allows to construct accurate predictive.

As part of Federal program for P. p. ciscaucasica restoration in the Caucasus in 2016 and
2018, the first animals wearing GPS collars with satellite transmitters were released into nature.
The data obtained from the collars was used to construct and verify the leopard distribution model
and to assess habitat suitability of the area. In order to increase the efficiency of reintroduction
programs in the Caucasus, considering world experience, we solved the following tasks: 1. To
identify areas optimal for reintroduction using simulation modeling, considering both historically
established habitats in the Caucasus and new territories with landscape and climatic conditions
potentially suitable for the species; 2. To identify environmental factors affecting the efficiency of
reintroduction of leopard; 3. To assess the habitat using spatial models in which GIS are used to
clarify potentially suitable areas similar to the optimal habitats.

Analysis of the modeling results confirmed high accuracy in determining the predicted points.
Accuracy of the model estimated by the AUC was quite high: AUC for the defined (training) data
was 0.944 and AUC for the test data was 0.947. The distribution curves of the test and training
data were located far from the center line, which indicated the reliability of the model prediction at
arandom level. Thus, the expected predictive capacity of the resulting model was high. The meth-
odology of complex analysis of species ecology and environmental factors using spatial analysis
and modeling methods, depends on the completeness of presented data. This makes it possible to
improve the accuracy and quality of model interpretation during verification. The introduction of
data on the abundance and seasonal distribution of leopard food supply into the model will signifi-
cantly refine the model and increase the biological meaning of the results. Such studies contribute
to improving the effectiveness of measures aimed at preserving and restoring rare and endangered
components of ecosystems.

At the next stages of the analysis, we plan to construct the ]SDM models that consider compet-
itive and food relations. We also plan to develop the hierarchical models of species communities
(HMSC), which integrate data on the ecology of communities with data on environmental covari-
ates, providing a predictive understanding of processes in the community based on observations
of communities of species.
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