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T C-AHAJIN3 PACIIPOCTPAHEHMS Y YCJIOBUM OBUTAHUA
EMYS ORBICULARIS ORBICULARIS (TESTUDINES, EMYDIDAE):
METOJUYECKHUE ACNIEKThI'

AHHOTALUA.

Axmyanvrocme u yeau. Ha ¢pore mmpoxoro npumenerus [ MC-monenmupoBaHus
B 300JIOTMYECKUX HCCIECIOBAHUAX BOIPOC COOTBETCTBUS MOZENH (haKTHYEeCKOMY
WIN TOTEHIMAJIBHOMY apeany >KHBOTHOTO OCTaeTcs aKTyaslbHbIM. Llenpro Hamiein
pabots! cramo 'IC-mozxenupoBanue 00NacTH M YCIOBUH OOMTaHMS OOJOTHOHW dUe-
penaxu Emys orbicularis (Linnaeus, 1758) ¢ MCHONBb30BaHHUEM PA3HOTO MPOIpaM-
MHOT0 0o0ecIeueHusl, pa3HbIX HAOOPOB MEPEMEHHBIX CPE/Ibl U Pa3HOro 00beMa JiaH-
HBIX 10 PAaCIPOCTPAHEHHUIO TAKCOHA.

Mamepuaner u memodsi. Co0p HHPOPMALMHU IO PACHPOCTPAHEHHIO HOMUHATHB-
HOTO TojBUAa OOJMOTHOH Yepenaxu (rarwioguHUS 1) MPOBOAMIM B XOJ€ IOJIEBBIX
paboT, peBH3MM JHUTEpaTypHBIX MaTepuaioB W My3eHHbBIX KojuleKiui (n = 836).
B pabore mcnonp3oBamm mporpamMbl MaxEnt u ArcGIS; HaOopbl mepeMeHHBIX:
BIOCLIM (ans mognenmupoBanus B obeux mporpammax), WORLDCLIM, DEM,
Global-PET u CLIMOND (mist momenupoBanus B ArcGIS); HaGOpBl MCXOIHBIX
JTAaHHBIX [0 BCEMY apeaiy u TOJIbKO II0 €r0 BOCTOYHOM YacTH.

Pezynemamer. Monenn B MaxEnt u ArcGIS, BbIIoIHEHHBIE C OXBATOM BCeX Ha-
3CMHBIX JJaHHBIX, 6])IJ'II/I CXOIHBIMU B OTHOLICHUM dpa apcaia U €ro 3anagHbIX rpa-
HUI], HO JaJM DPa3Hyl KapTHHY KJIMMaTHYEeCKOro OJaromojy4us Uil CEBEpHBIX,
BOCTOYHBIX M FOXKHBIX pallOHOB MpPeneiioB pacnpoctpanenus E. o. orbicularis, a Tak-
K€ Pa3HOE KOJIMYECTBO KIIOYEBHIX OMOKIMMATHYECKNX IIepeMeHHBIX. boibioe unc-
JIO KJIFOUEBBIX NIEPEMEHHBIX, IToKa3aHHbIX ArcGIS, Bo3M0okHO, yKa3pIBaeT Ha HKOJIO-
TMYECKYI0 HEOJHOPOIHOCTh HOMUHATHBHOTO ITOJIBH/a, UMEIOIIETO HHTPA30HAIBHOE
pacIpocTpaHeHHE W 3aHUMAIOLIETO TEPPUTOPHIO C BBICOKMM pa3HOOOpa3veM JIaH[-
maTHO-KIIMMATHIECKNX YCIOBUH. JlepUINT NCXOMHBIX JaHHBIX CEPhE3HO CKa3bl-
BaeTCsl Ha MPOCTPAHCTBEHHOM 00pa3lie MOJEIH M XapaKTepe KIIOYEBBIX NEepeMEH-
HBIX, JUMHTHPYIOLIMX Pa3MelleHne n3y4aeMon GpopMEL.

Buigoow:. [lna ycnemuoro 'C-monenrpoBanust HEOOXOIUMBI: MaKCUMAaJIbHBIN
OXBaT UCXOJAHBIMU NaHHBIMU ap€ajia TAaKCOHA, OT60p HUCXOJHBIX IEPEMEHHBIX C y4e-
TOM NPHHUMITHAIBHBIX XapaKTEPUCTUK MPUPOAHBIX 30H M JaHAmadToB, 3aHUMae-
MBIX TAKCOHOM, U OCOOCHHOCTEH €ro JKOJOTHH; MOJEIMPOBAaHHE B Pa3HBIX MPO-
rpamMMax C MOCJIEAYIOIUM CPaBHUTEIBHBIM aHAIN30M MOIyYSHHBIX PE3YJIbTATOB.

KuaoueBsie cnoBa: Emydidae, Emis orbicularis orbicularis, apean, [ IC-mone-
JMPOBAaHHE, METOANYECKHE aCIICKTBL.
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T. N. Duysebaeva, I. V. Doronin,
D. V. Malakhov, O. V. Kukushkin, A. G. Bakiev

GIS ANALYSIS OF THE DISTRIBUTION AND HABITATION
CONDITIONS OF EMYS ORBICULARIS ORBICULARIS
(TESTUDINES, EMYDIDAE): METHODICAL ASPECTS

Abstract.

Background. In spite of widespread use of a GIS modeling in the zoological stu-
dies, a question of whether a model matches an actual or potential range of an ani-
mal remains relevant. A goal of our work was the GIS-modeling of the range and
habitat suitability of the European Marsh Turtle, Emys orbicularis (Linnaeus, 1758)
using different software, different sets of environment variables and different
amount of the ground data.

Materials and methods. The ground data on distribution of E. o. orbicularis (ge-
netic lineage I) were collected during numerous field surveys, revision of literature
and museum collections. The models were developed in MaxEnt and ESRI ArcGIS
software using BIOCLIM dataset and the ground data from the whole taxon range
(for both programs); WORLDCLIM, DEM, Global-PET and CLIMOND datasets
and the ground data from the whole range and only its eastern part (for ArcGIS).

Results. The models in MaxEnt and ArcGIS, which covered all the ground data,
were similar with respect to the core range and its western borders. However, they
gave the different patterns of climatic well-being for the northern, eastern and sou-
thern limits of E. o. orbicularis distribution as well as different number of the key
bioclimatic variables. The large number of the key variables shown by ArcGIS may
indicate a certain ecological differentiation of the taxon, which has an intrazonal dis-
tribution and occupies the territory with high diversity of the landscape and climatic
conditions. A lack of input data seriously affects the spatial pattern of the model and
a type of the key variables that limit the taxon distribution.

Conclusions. For successful GIS modeling, the following is required: maximum
coverage of the taxon range with the ground data; a selection of the initial variables
taking into account the basic characteristics of natural zones and landscapes occu-
pied by taxon, and its ecological peculiarities; the modeling using different software
with subsequent comparative analysis of the results.

Keywords: Emydidae, Emis orbicularis orbicularis, range, GIS modeling, me-
thodical aspects.

BBeaenue

MogenupoBaHue C HCIOIB30BAHUEM TeorpaduuecKux HH(POPMALUOHHBIX
cucreM (I'MC) Bce mupe ncnonb3yeTcs B 300JI0THUECKUX UCCIEIOBAHUAX, a KOJIH-
4ecTBO paboT, I'Zie MPUMEHAETCS 3TOT METOJ, HEIPEPHIBHO pacTeT. TeM He MeHee
BONPOC, HACKOJBKO PE3yJIbTaThl MOJEIMPOBAHUS OTPAXKAIOT JIEHCTBUTEIHHOCTH,
ocraercsl akTyaiabHbIM. JIr0o0as MoJenb UMeeT BEPOSITHOCTHBIN XapakTep. JTO 3Ha-
YHT, YTO MOJAEIb HE yKa3bIBACT TEPPUTOPUH, A€ BHUJ HENPEMEHHO AOJDKEH 00u-
TaTh, HO pa3lIN4yaeT Y4acTKH, IJIe OOMTaHHE U3yd4aeMOro BUa SBIsETCS Oojee Uiu
MeHee BeposATHbIM. B otHomennn I'MC-monenupoBaHus CUTyalUsl OCIIOKHSAETCS
MPUMEHEHUEM Pa3IMdHOro mporpamMmuaoro obecrnedenus (MaxEnt, ArcGIS, GARP,
BioMOD wu zp.), pa3HbIXx HAOOPOB BXOAHBIX MEPEMEHHBIX CPEllbl U PAa3HBIM IPO-
CTPaHCTBEHHBIM M KOJWYECTBEHHBIM OXBaTOM JaHHBIX. Kak HHM mapamokcanbHoO,
OIIHOH M3 IMIaBHBIM IpoOJIeM, KOTOPOH MOKa HE YIAESIOT JODKHOIO BHUMAHUS IPH
I'MC-monenupoBanuy, SBISIETCS] OMOIOTHS CaMOT0 U3y4aeMOoro BUAA.
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Lenpro Hameit pabotsl cramo ['MC-monenupoBaHne o0NacTH pacmpocTpa-
HEHHUS W YCJIOBUH oOuTaHus OONOTHOHM yepenaxu, Emys orbicularis (Linnaeus,
1758) c npuMeHeHHeM pa3HbIX MPOrpaMM H pa3HbBIX HAOOPOB NMEPEMEHHBIX, a TaK-
JK€ CpaBHHTENbHAs OIEHKA IMONyYEeHHBIX Pe3yJbTaTOB. B 3amaum umcciemoBaHUs
BXoamWJI0: 1) mocTpoeHne Mozenel pactpoctpanenus E. o. orbicularis B mporpam-
Max MaxEnt u ArcGIS mo crangapTHOMy M pacmMpeHHOMY HabopaMm TepeMeH-
HBIX; 2) OmpezeicHHue KIIOYEBBIX MEPEeMEHHBIX; 3) MpOBeACHUE CPaBHUTEIHHOTO
aHaJM3a Mojeliell ¢ ompezesieHHeM COOTBETCTBHS PE3yNBTATOB IO MPOCTPAHCT-
BEHHOMY paclpe/iejIeHUI0 OJaronpusATHBIX YCJIOBUHA COTJIACHO KaKIOW MOJAETH U
4) cpaBHEHHE HAOOPOB KIIIOUYEBBIX IEPEMEHHBIX, OTIPEACIICHHBIX B K&KIOM CIydae.

MarepuaJibl 1 MeTOAbI

B nanHO# paboTe paccMOTpeHBI MOMYISALUH TalUIONIMHUK | HOMHHATHBHOTO
nonsuna E. o. orbicularis, BeiensieMolt o TaHHBIM aHAIN3a MOJIEKYJISIPHOTO Map-
Kepa — IOJTHOPa3MEPHOTo reHa IuToxpoma b muroxouapuansHoit JIHK; sTa ram-
JIONMHUS UMeeT HanboJee MMPOKoe pacpocTpaHeHue cpean Beex Gopm Buaa [1].
Jns ananuza ucnonp3oBanu 836 HA3eMHBIX TOYEK, MOJYUYEHHBIX B XOJE MOJEBBIX
HCCJICIOBAaHUN aBTOPOB, H3YUEHUS MY3CHHBIX KOJUICKITUH (3007I0THICCKHUN HHCTH-
1yT PAH, Canxkr-IlerepOypr; MuctutyT 300m0run MOH PK, Anmater) u 3auMct-
BOBaHHBIX U3 JUTEPaTypHI (pHcC. 1).

B S e

L

o TYPUMSA -

Puc. 1. Mecra Haxonok Emys orbicularis orbicularis (ramnonunus 1) (n = 836),
UCIIOJIb30BaHHbIE B MOJICIMPOBAHUH: KapTa O0ILEero apeaia BUaa NpHBeJeHa COrIacHo [2]

Jia monenupoBanus B cpeae ESRI ArcGIS ncnons3oBann opUrHHAIBHYIO
METOJHKY, NETAIBHOE OMMMCAHUE KOTOPO MpHUBOIUIOCh paHee [3—5]. [Ipumensm
OOMIENPUHATYIO CTAaTHCTUKY (METOJ MPOLECHTUIICH), aHATTM3UPOBaIH oporpaduye-
CKHE U KIIMMaTHYECKUE MEPEMEHHbIE C BBISBICHHUEM KIIOYEBBIX, IPOBEPSUIN HOP-
MaJIBHOCTh PACHPEAETICHUS U ONPEACISIM ONTHUMajbHbIE Auamna3oHsl. Vcmonss3o-
Bay oporpauuecKue epeMeHHbIe: BBICOTY HaJl YPOBHEM MOpSsI, YKIIOH, IKCIIO3H-
U0 U KpuBu3Hy (mpousBoanbie Digital Elevation Model) [6]; u kmumaTnueckue
nepeMeHHbIe: HabOphI MepeMeHHBIX 1Mo TeMrieparypaM u ocankam (BIOCLIM and
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WORLDCLIM datasets) [7, 8], Global Potential Evapo-Transpiration (Global-PET)
Climate Database [9], OTHOCHTENIBHYIO BJIQXKHOCTb BO3/lyXa U COJHEUYHYIO pajaua-
nuto (manaeie CLIMOND) [10]. s cpaBHUTEIBHOTO aHAU3a CTPOMIN MOJICIH,
Kak ¢ ygactueM Tojbko nepeMeHHbIX BIOCLIM (19 nepeMeHHBIX TeMIepaTrypsl 1
OCaJKOB), TaK M C NMPUMEHEHWEM BCEX YKa3aHHBIX BBIIIE HAOOPOB NepeMEHHBIX;
KakK JIJIsl BCEro apeana M3ydaeMou (OpMBI, TaKk U IJIsl €r0 BOCTOYHOW YacTh OT-
JENBHO.

[Tpu noctpoenun mozeneit B mporpamme MaxEnt Ha JaHHOM 3Tare UCIOb-
3oBanu HaOop ¢ yuactueM 19 nepemennsrx BIOCLIM. [Ipu anamuse xoposoruu
npuMensa nporpammy MaxEnt (Maximum Entropy Species Distribution Mode-
ling, Bepcuro 3.3.3k) (www.cs.princeton.edu/~schapire/MaxEnt/) [11], B koTopoii
IKCTpanoALusl (MOASIUPOBAaHNE) TeorpaduIeckoro pacipocTpaHeHus] OHMOIOTH-
YECKUX BHUJIOB NMPOBOAMTCS METOJOM MaKCHMalbHOH »HTpormu [12]. Buzyammza-
nuto [MC-kapt nposenu ¢ nomomsio nporpammsl DIVA-GIS 7.5.0 (www.diva-
gis.org) [13]). bonee neranpHoOe OnMUcaHue METOAMKH PUBOIUIIOCEH paHee [14].

Pe3yJ’leaTbI u oﬁcy)wlelme

Mopnenu, noctpoenHsie B mporpammax MaxEnt (AUC = 0,998) u ArcGIS o
crangapTHoMy Habopy BIOCLIM, B 1enoMm mokasaiu CXOAHBINH 0Opaser TeppHUTo-
puii, npuroaHeIX s oourtanus E. o. orbicularis (puc. 2,a,6). B 300y HaubosbIie-
ro KIuMaThdeckoro Onarononyuus Bouutn: CpennenyHaiickas 1 HikHeryHalickast
HU3MEHHOCTH, 3anagHoe u cesepHoe (¢ Kpeimom) IlpuuepHoMopse, 10KHBIE paii-
onbl EBponerickoit yactu Poccun (PoctoBckas, Boponexckas, TamGoBckast u He-
KOTOpBIE OpyTue mpuiexamine obmactn), llpenkaskasse (larectan, CraBpormonb-
CKuil Kpail m 3HaunTenvHas 4yacte KpacHomapckoro kpas), Cpennee [loBomxbe,
KOxubIit Ypan u 3aypainse.

wE 20°E WE arE - 60" E
_orbicularis logistic valies

B 0.0000 - 0.1547
[ 0.1547 - 0.3034
. | 0.3054 - 0481
£+ [ 0.4841 - 08188
= | Il 06188 - 1.0000
W NoData

B0°N

4N

N

Puc. 2. TUC-mozaenu pactnpoctpanenust Emys orbicularis orbicularis, noCTpoeHHbIE
o cranaaptHomy Habopy BIOCLIM (19 nepemenHsix) B nporpamme MaxEnt (a)
u ArcGIS (6); mo pacmmperHomy Habopy B mporpamme ArcGIS (8) (Hagano)
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Puc. 2. TUC-monenu pacnpoctpanenus Emys orbicularis orbicularis, nocTpoeHHbIE
o cranaaptHoMy Habopy BIOCLIM (19 nepemennsix) B mporpamme MaxEnt (a)
n ArcGIS (6); mo pacmuperroMy Habopy B mporpamme ArcGIS (6) (okoH4aHuE)

O06e Mojenu yKa3alnu Ha OTCYTCTBHE MOJIXOSINIUX YCIOBUH i OOJOTHOM
Yyepenaxy Ha BOCTOYHOM oOepexbe UepHoro mops 1o Konxunckoit HU3MEHHOCTH
(puc. 2,a,0), xots eme B Hadane XX B. OHAa ObIa 3/1eCh OOBIYHBIM U JJa)Ke MHOTO-
yuCcIIeHHBIM BHIOM [15]. B Hacrosimee Bpems m3-3a ¢parMeHTAIUH M YHUYTOXKE-
HUSl MeCTOOOUTaHM Ha obepexbe KpacHomapckoro kpast BUA 3/1€Ch IPAKTHYECKU
BbIMED [16].

B omucaHHBIX TpaHHIaX Hauboliee ONArONPHUIATHBIMU YCIOBUSAME peibeda
JUTSE HOMUHATUBHOTO TIOJBUIA CIY)KaT TOPU30HTAIbHBIC WIIH CyOTOPU30HTAIbHBIC
TUIOCKUE TTOBEPXHOCTH (PaBHUHBI WIIH XOJIMOTOPhE), PACTIONOKCHHBIC B HANa30HE
BBICOT 2—327 M Haj ypoBHEM Mops. Takomy penbedy COOTBETCTBYIOT CTOSUUE HITH
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c1ab0 TPOTOYHBIE BOAOEMBI, KOTOPHIE MIpearnoynTaeT 00ooTHas yepenaxa. Camprit
ONarompuATHBIA KIuMam — yMEPEHHBIH KOHTHHEHTAJBHBIA C KapKUM WIH MPO-
xmanaeiM Jerom (BIO10: 18,6-23,5°C), ymepenHo xononuoit 3umoii (BIOI11:
(-11,6—(+2,3)°C) u ocagkamu (BIO12: 284—626 MM), paBHOMEPHO paclpe/eieH-
HBIMH B TedueHue Bcero roaa [17-19]. Kpaitaue Bocrounsie momyssmuu ¢ [Ipukac-
nuiickoil paBHUHBI Ha Tepputopun Poccun u Kazaxcrana pacnonaratorcs B odJac-
TH TOJIyapuHOTO CTermHOoro kiaumara. B ropaeix parionax (KpeiM, KaBkas, Manas
A3usl) KIMMAaTHYECKHUE YCIIOBUS MECT OOMTAaHMS depenaxu 0osee pasHOOOpas3HEI U
YacThIO JIEXKAT yKe B MOsACE CyOTPOMTUUECKOTO KIIMMATa C pa3HbIMHU peKUMaMH YB-
JIa>KHEHUS: WM OTHOCUTENFHO PABHOMEPHBIM B TEUEHHE BCEro TO/a, WU C CyXUM
JIETOM.

Mexnay TeM TIpH CpaBHEHWH MOJENEH, TOCTpoeHHBIX 1o Habopy BIOCLIM,
oOparatoT Ha ce0si BHUMaHKE M 3aMETHBIE Pa3JInuusl MEKAY HUMH (CM. puc. 2,a,0).
Mogens MaxEnt yka3piBaeT Ha pe3koe CHIDKEHHE KIMMATHIECKOTO «OIaromoiry-
Yyus» U Yepernaxy B CEBEpHOM yacTH apeajia MU 3aMETHO OOJBIIYIO B CPaBHEHUHU
¢ ArcGIS ero npurognocts B 3anagaom Kazaxcrane (Bxmrouas Uprus-Typraiickuit
Oacceiin). Monens ArcGIS pucyer Haignuue onpeneieHHbIX KIMMaTHYECKUX YCiIo-
Buil s E. o. orbicularis Ha Manoa3uaTckoM 1 ApMSTHCKOM Haropbsix M B Topax
ceBepo-3anagHoro MpaHna v, HAampOTHUB, OTCYTCTBUE TaKOBBIX B KoOMXuiaCKOW HU3-
MEHHOCTH BOCTOYHOTO M0Oepeskbsi YepHOTO MODA.

[Ipu BKIIIOUEHHHU B aHANIW3 AOIMOJHUTEIBHBIX MEepeMEeHHBIX Moaenb ArcGIS
cTana OoJiblile HaITOMUHATh Mozeldb MaxEnt, moctpoennyto mo Habopy BIOCLIM
(puc. 2,8). DTO CXOJCTBO B OOJNBIIEH CTEMEHW KacaloCh 3alagHBbIX, CEBEPHBIX U
IOKHBIX TIPEIETIOB PACIpPOCTPAHEHUs IOIBHIA, HEXeNW BOCTOYHBIX (3amaiHblit
Kazaxcran u Hwxkuss Bonra). O6e monenun ArcGIS mponeMOHCTpUpPOBaiId HEBBI-
COKYIO CTETeHb OJaromosydmsi aOHOTHUECKMX YCIOBUU mius E. o. orbicularis
B 3THX paiioHax (puc. 2,6,8). 37ech IpaHHLIA CHIKCHHUST KIIMMaTHUECKOTO OJIarormo-
JMy4Yusl JIOCTaTOYHO OTYETIUBO COBIMAJaNa C 3alaJHOW TPAHHUIEH MPOXOXKIESHUSI
30HBI TIOMyapHUIHOTO cTemHoro kimMmara [18, 19]. YuuTeBas mmpokoe pacrpo-
CTpaHeHue OOJIOTHOW yepernaxy B BOCTOUYHOH yacTH apeana [20] u ee OTHOCHUTENb-
HO BBICOKYIO YHCJICHHOCTh BO MHOTHX MecTax oburtanus [21; A. B. Jlesur, 1979,
JUYHOE COOOIICHHE; HallM JaHHbIE], KOPPEKTHEE, MO-BUANMOMY, TOBOPHUTH HE
0 «CHIDKEHHH OJIaromoiydus», a 00 3KOJOTHYECKOM CBOEOOpa3HH BOCTOYHBIX II0-
NYJSIIAN TOJIBU/IA, HACEISIOINX TEPPUTOPHUIO C PE3KO KOHTHHEHTAIBHBIM KIIMMa-
toM. OnpeneneHHy0 THUILY Ui pacCyKACHUH Ha TeMy JKOJOTHYECKOW HEeOHO-
POTHOCTH HOMHHATHBHOTO TIOABH/IA Ja€T aHAJIN3 KIFOYEBHIX TEPEMEHHBIX.

O06e mporpaMMsbl yka3anu Ha BakHOCTh BIO1 (cpeanss rogoBas TeMmeparty-
pa), BIO3 (m3orepmuunocts) m BIO10 (cpemnsisi Temmeparypa caMoro TEIUIOTO
KBapTasia roga). OgHako o0Iiee KOJHMUECTBO KITFOUEBHIX MEPEMEHHBIX YKe B Habo-
pe BIOCLIM 65110 3ameTHO BbImIe it Moaenu ArcGIS, yem mis monenn MaxEnt:
12 mpotuB 5 (Tabmn. 1). Kpome Toro, cornmacao ArcGIS k kir0o4eBbIM NepeMEeHHBIM
OBUIM OTHECEHBI MHACKC aPUIHOCTU M COTHEYHAs paJralusl.

CormracHo monenu ArcGIS B ceBepHBIX Tpemenax pacHpOCTPAHCHUS IS
MOJBHIA KPUTHYHBIMHU SIBIISIOTCS OClabJeHNE paAualiOHHOTO ()OHA, YMEHBIICHHE
neraux temreparyp (BIOS, BIO10) (puc. 3,a4,0) u HapacTaHHe TYMUIHOCTH KJIH-
MaTa, YTO OTpaXkaeT yBeJIMYeHHe MHeKca apuaHocTH (puc. 3,6). llepeuncnennsie
(hakTOpHl UMEIOT 0cO0O0E 3HAUCHUE ISl PEPOyKTUBHOTO Tiepuonaa E. orbicula-
ris [22]. Ilonarator, 9TO COKpaIlleHHE M IOCIEIyIONIee HCUE3HOBEHHE OOJIOTHOU
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yepenaxu ¢ CeBepHBIX Tepputopuii EBpombl (roxkHas AHrnus, roxHas [IBenus),
KyJa OHa MPOHHUKJIA B TOJIOICHOBBIM ONTHMYM, OBLIO CBSI3aHO, MPEXKIE BCETO,
C YMEHbBIIICHHEM JICTHUX TEMIIEPATYP U «OKEAHU3AIUEH» pernoHa (OTKPBITHE MPO-
X0J1a B OKeaH CO CTOPOHKI bantuiickoro o3epa 5—2 Tric. 1.H.) [23].

Tabmuma 1
Bxnax nepemenubix ctangaptaoro Habopa BIOCLIM
B moctpoenue I MC-moneneit pactipoctpanenus Emys orbicularis orbicularis
(PI — permutation importance)

ArcGIS Bxian, % MaxEnt Bxman, % PI
Biol 75,24 Biol 14,8 10,2
Bio2 71,84 Bio2 6,2 53
Bio3 77,67 Bio3 18 8,9
Bio4 75,73 Bio4 0,2 4.4
Bio5 75,24 Bio5 0,2 4.4
Bio6 74,27 Bio6 0,2 3,1
Bio7 76,21 Bio7 0 0,7
Bio8 77,67 Bio8 0,2 0,9
Bio9 74,76 Bio9 0,3 3,9

Biol0 76,21 Biol0 28,4 15,5
Bioll 76,21 Bioll 0,7 0,5
Biol2 76,21 Biol2 1,6 9
Biol3 76,70 Biol3 0,1 2,2
Biol4 73,79 Biol4 1,6 0,2
Biol5 70,38 Biol5 22,8 7,8
Biol6 75,24 Biol6 0 0
Biol7 72,82 Biol7 0,2 1
Biol8 70,87 Biol8 1,8 0,2
Bio19 76,70 Biol9 1,2 16,5

3amagHble W FOKHBIC TpEeNlbl JTUMHTHPYIOTCS YBEIHYEHHUEM TOPUCTOCTH
MECTHOCTH (OJHAa W3 KIIOYEBBIX MEPEMEHHBIX — BBICOTA HAJ[ YPOBHEM MODSL:
puc. 3,2) U CBSI3aHHBIM C THM H3MEHEHHUEM ypoBHs pamuaruu (puc. 3,a). Kpome
TOTO, BO3pacTaHHeE yTJia HAaKJIOHA TOBEPXHOCTH BO MHOTHX TOPHCTHIX (B 0COOEHHO-
CTH — B KapCTOBBIX) pallOHAaX WCKJIIOYAET HAIWYHE XapaKTePHBIX OMOTOIIOB BHIA
JTaYKe HA CPETHUX BBICOTAX.

Haubonpmmii WHTEpEC NMpEACTaBIsSET KapTHHA C BOCTOYHBIMH IpeJesiaMH
pacrpocTpaHeHus MmoABHaa. BocTodHas TpaHUIa OMpenenseTcs HelbIM KOMIUIEK-
COM OWOKIMMATUYECKHX IMEPEeMEHHBIX, XapaKTEePU3YIOINX YCHUICHHE KOHTHHCH-
TaJbHOCTH KJIMMAaTa. DTO BBIPAXKAETCS, MIPEIKIE BCETO, B YBEIMYCHUH I'OJIOBOM aM-
wmtyasl Temneparyp (BIO7: puc. 3,0) (3a c4eT NMOBBIIIEHUS JIETHUX TEMIepaTyp
(BIO10) B rokHOW YacTH TEPPUTOPHH WM TTOHIKCHHEM 3WMHHX TEMITepaTyp
(BIO11) — B ceBepHoii), HapacTanuu nedunura ocagkoB (BIO12: puc. 3,¢) u 3Ha-
YUTEIHHOM IPEBBINICHUNA MCIIAPCHUS HAJl OCAaJIKaMU, YTO OTPakaeT YMEHBIIICHUS
WHJIEKCa apuIHOCTH (pHC. 3,8).
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Puc. 3. OnTuMainsHbIe AUana3oHb! KIFOYEBBIX NEPEMEHHBIX MOJIENN PACHPOCTPAHEHUS
Emys orbicularis orbicularis no pacmperHomy Habopy B ArcGIS: a — conHeuHas
panuanusi, uroiib; 6 — CpeHss TEMIIepaTypa caMoro Teroro kBapraia roaa (BIO10);
6 — MHJIEKC apHUIHOCTH; 2 — BbICOTa (M HaJl YPOBHEM MOps); O — I'OJIOBasi aMILIUTY1a
temmeparyp (BIO7); e — ronoBoe koiuuectBo ocaakos (BIO12)

IIpencraBnseTcs, 4TO TaKUE yCIOBUS CTAHOBSITCSA Mano0IaronpusTHBIMU HeE
CTOJIBKO UIS CaMOro >KHBOTHOTO, CBS3aHHOI'O C BOIHBIMH OacceiiHaMH, CKOJIBKO
BJIMSIOT Ha PEXHM CaMHUX BOJOEMOB. PeXHM KOHTHHEHTAIbHBIX CTOSYMX M ME.-
JIEHHO TEKYLINX BOJOEMOB B TMOJIYapUIHOW 30HE CHUIIBHO 3aBUCUT OT YCIOBUH YB-
Ja)KHEHUS, T.€. TIOCTYMAOUINX OCAJKOB U HCIAapeHHs (BTOPOE BO MHOTO pa3 Ipe-
BBHILIAET NIEPBOE) M TMOJABEPKEH CEPbe3HBIM KosebaHusMm [24, 25]. D10 omHa U3
MPUYUH TPUYPOUEHHOCTH MecT oburtanus depenaxu B FOxHom 3aypanbe U 3a-
ypaibckux cremsax Kazaxcrana (Bkmiodass Typraiickuii 6acceliH) K pyciiam KpyIi-
HBIX pek (Hamm gaHasie, A. B. JlaBeiropa, THaHOE COOOIICHHE).

Bonpmoe gucino xiodeBsx mepeMeHHBIX ArcGIS-momenn, Ha Hamm B3rm,
OTpaXkaeT KOJIOTUYECKYI0 HEOAHOPOTHOCTh HOMHHATHUBHOI'O IOJBHAA KakK CJIE.-
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CTBHE €r0 HWHTPA30HAIBHOTO PAaCIpOCTpaHeHHs. «B WMHTpa30HANBHBIX YaCTAX
JMaHAMAPTOB CYMIECTBEHHO CIIAKUBAIOTCS TPaJUCHTHl KIMMAaTHYECKHX (aKTo-
poB» [26, c. 30]. DTo MO3BOIsAET OOJIOTHOMN Yepenaxe MPOHUKATH 3a MPE/EIIbI T1a-
KOPHBIX (30HAJBHBIX) JaHIIA(PTOB, HO TOJBKO IO M3BECTHBIX TPAHMII, KOTOPHIC
YK€ KECTKO JTUMHUTHUPYIOTCS aOMOTHUECKUMU (haKTopaMH «4yxaoi» cpensl. [Ipen-
CTaBJIACTCA MNEPCICKTUBHBIM HaJILHeﬁmﬂﬁ aHaJIn3 DSKOJOIM4YeCKOIro «CAHUHCTBaA»
MOJBHUJIA KaK ¢ uctonb3oBanueM [ IC-MonenmpoBaHus, Tak U B IPUPOJIC.

PucyHok 4 npu cpaBHEHHH C pHC. 2,6 HJUTIOCTPUPYET MPUMEP U3MCHEHUS
MOJIEeNH TIPH TeDUIIUTEe UCXOAHBIX MaHHBIX. C y4eTOM Ha3eMHBIX JaHHBIX TOJIBKO
¢ BOCTOYHOH vactu apeana (KazaxcraH) CylIecTBEHHO M3MEHSETCS 00paserl mpo-
CTPAHCTBEHHOTO pa3MeIleHHs] paiOHOB ¢ HanOoee OJaronpUsATHBIMEA yCIOBUSMHE
JUTSL TIOZIBUJIA U CITHCOK KITIOYEBBIX TIEPEMEHHBIX, JIMMUTUPYIOIIUX 3TO pa3MeIlecHHE.

Puc. 4. TUC-monens pactipoctpanenus Emys orbicularis orbicularis,
noctpoeHHas B mporpamme ArcGIS (pacmmpeHHslii Habop) Mo JaHHBIM
¢ Tepputopun Kazaxcrana (n = 97)

3akjaouenue

IIpoBeneHHOE HCCIIEIOBAHUE IOKA3aJ0, YTO Ka)Aas U3 MCIOIb30BAHHBIX
MPOTpaMM MMEET CBOU IUTIOCHI U MUHYCBI, KOTOpPBIE [TI0Ka HE B MOJHOU MEpe OXBa-
4yeHbl aHamu3oM. [Ipencrasnsercs, uto MaxEnt Goliee TOCTOBEPHO OMKCHIBACT pe-
aJbHOE pacHpelelicHUe BUAA HA TEPPUTOPHUM, aHATU3HUPYST UMEIOLIUECS HEepBHY-
Hbl€ JAaHHBIE C TOYKHU 3pPEHUS] MX MPOCTPAHCTBEHHOro pacmpeneneHus. OmHako
ArcGIS B cuny cBoeit ciennduky (aHaIU3 KaXA0H MEPEeMEHHON, KOJTHMYECTBEHHOE
OTIpeZieTIeHHE ANANa30HOB 3HAUYEHHH) TIO3BOJISET TIy0)ke aHaTN3UPOBaTh HKOJIOTH-
yeckue (DaKTOpHI, BIVSIOIINE Ha TIPOCTPAHCTBEHHOE pacIpe/ieieHne BH/IA, OIICHU-
BaTh, KAKME M3 HUX M B KaKOi Mepe, 00yCIOBIHBAIOT «IKOJIOTHUECKOE OJIarormno-
my4due» m3ydaemoro oOnekra. [lomuepkHeM, 4TO HaIM 3aKIIOYEHUS HYKIAIOTCS
B JAJIbHEWIIEN MPOBEPKE, OJHAKO YK€ celdac MOHATHO, YTO JJ yCHEIIHOTO
FI/IC-MOI[GJ]I/IPOBaHI/ISI HEe0o0X0aUMO YUYHUTHIBATh CIEAYIOIIHE PEKOMEHIAIIUU:
1) MakCUManbHO OXBATHIBATh JaHHBIMH apeall N3y4aeMoro TaKCOHA; 2) YUYUTHIBATh
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MPUHIUTTHAIEHBIE XaPaKTEPUCTHUKU MPUPOAHBIX 30H U JIAHIIA(TOB, 3aHUMAEMBIX
TaKCOHOM, U OCOOEHHOCTH €T0 3KOJIOTHH; 3) TPOBOIUTH 110 BO3MOKHOCTH MO/IEIIH-
pOBaHKE pa3HBIMH MPOTPAMMAaMH C TIOCIEIYIOIINM CPAaBHUTEIHFHBIM aHATU30M Pe-
3yJbTaTOB. boiee TeCHBI KOHTAKT CO CHelHalucTaMH-TeorpadaMu MpeICTaBIIs-
eTcsl akTyanbHbIM 1yt pa3Butus [ UC-monenupoBaHus B 300JI0THH.
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