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IIporuo3noe MmojeIMpoBaHUE PACIPOCTPAHEHUSI PACTHTEIbHBIX
cooOmecTB nopsinka Quercetalia pubescenti-petraeae Klika 1933

Ilokasana  B03MONCHOCHIb — UCNONL306AHUA — NPOSHO3HO20 — MOOENUPOSAHUSA
pacnpocmpanenus pacmumenbHuix coobwecms npu UCC1e008aHuUsAxX
dumoyeHomuyecko20  pasHoOOPA3UA  MANLOUZYUEHHBIX 6  CUHIMAKCOHOMUYECKOM
omHowenuy — meppumoputi.  IIpogedeno  mooenuposanue  NOMEHYUATLHOZO
pacnpocmpanenus — Kcepomeso@umuuix  0y008vix necoé nopsaoka  Quercetalia
pubescenti-petraeae Klika 1933, ommnocawuxca k knaccy Quercetea pubescentis
Doing-Kraft ex Scamoni et Passarge 1959 6 npedenax necocmennoii 30nvt Bocmounoii
Esponvi. Bonee demanvno uccieoosana meppumopus Pecnybauxu Tamapcman, 20e
HA OCHOBAHUU NPOCHO3HLIX OAHHBIX BLIABNIEHO 85 HOBLIX MOYEK PACHPOCMPAHEHUS
coobwecms corw3sa Lathyro pisiformis-Quercion roboris Solomeshch et Grigoriev in
Willner et al. 2016. B xayecmse abuomuueckux npeouxmopos uchoib306anvl OaHHbLE
xnumamuyeckou (WorldClim) u nousennotii (SoilGrids) mooeneil, 6 kauecmee ucxooHvLx
Oannvix 227 eeobomanuyeckux onucanuil. Ilomyuennsie mooenu noxazauu blCOKVIO
moynocms (AUC=0,817-0,861).

KuroueBbie ciaoBa: Quercetea pubescentis; kcepome3ouTHbIE ayOOBEIE Jieca;
WorldClim; SoilGrids; Maxent; Pecniybnuka TarapcraH.

BBenenue

JlyOoBEIe 1 cMemaHHbIe KcepoMe30(huTHBIE (TepMODHITBHEIE, OCTCITHEHHBIC)
ny6oBble (Quercus robur) IUPOKONKUCTBEHHBIE Jieca 3aHUMAIOT 3HAUYUTENBHYIO
mnomaas B LlearpansHoit EBponie. OHM pacipocTpaHeHBI HA BOCTOK B BUE TI0-
CTEMICHHO CYXAIOIIEeTOCs SI3bIKA, WAYILIETro MO TEPPUTOPUU YKPAHWHBI, CEBEPHOM
Mongossl, FOxnoit u Llentpansroit Poccun, I[ToBomksst u FOxHOTO Ypana [1].

B nepsom npoapomyce pactutensHoctd CCCP [2] nopsinok kcepome3o(ut-
HBIX nyOpaB Quercetalia pubescentis Br.-Bl. 1931 Bkiodascst B coctaB Kiiacca
Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937 u 3a uckitoueHreM KPBIMCKUX
CHUHTAKCOHOB COJIEPIKa BCETO OAMH cO¥03 Pruno-Quercion roboris Schubert et al.
1979 (=Lathyro pisiformis-Quercion roboris Solomeshch et Grigoriev in Willner
et al. 2016), kyaa BoluH TepMO(HILHBIE COCHOBBIE Jieca FOxHoro Ypaia.

B cocrasnennom H.b. EpmMakoBbIM IpoJpOMyce BBICIINX SIMHUI] PACTUTENb-
HocTH Poccuu [3] kcepomesodutHble ayOpaBel EBpomelickoii Poccun otHece-
HBI K OTHeNnbHOMY Kiaccy Quercetea pubescentis Doing-Kraft ex Scamoni et
Passarge 1959, B cocraBe KOTOPOTO YKa3aH €AMHCTBEHHBIN MOpsok Quercetalia
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pubescenti-petraeae Klika 1933 ¢ nBymst corozamu. B cOOTBETCTBHM ¢ MOCIEeTHEH
CBOJKOH 10 pacTuTenbHoCTH EBponsl [4] Ha TeppuTopun eBponeiickoi uactu Poccuu
co00IIIeCTBa KCepoMe30(UTHBIX TyOpaB OTHOCST K cOoro3aM Aceri tatarici-Quercion
Z6lyomi 1957 u Lathyro pisiformis-Quercion roboris Solomeshch et Grigoriev in
Willner et al. 2016. ITo maenuro FO.A. CeMeHuIeHKoBa [5], MpeoKeHHas aBTO-
pamu [4] cMHTaKCOHOMHYECKasl KOHLEMIUs OTHOCUTENbHO mopsinka Quercetalia
pubescenti-petraeae TUCKYCCHOHHA, M B Oy/IyIlIeM HEOOXOIMUM €€ IMepecMOTp ¢ yué-
TOM Te000TaHMYECKUX MaTepHuanos ¢ Tepputopun Esponetickoit Poccu.
Octenaénnble nyOpaBbl PecryOnuku TarapcraH, B OTJIMYHE OT TEPMOQHIIh-
HBIX EBPOIEICKHUX JIeCOB, NMPHUMEUATENbHBl OTCYTCTBHEM CyOCpEIH3EMHOMOP-
CKHX BUJIOB, HU3KOH J0J1el Me30(DUTHBIX HEMOPATBHBIX («(areTaabHbIX») BHIOB
1 OOJTBIIUM KOJTHMYECTBOM BHJIOB CBETOIFOOMBEIX («OETYIETANBHBIXY, OMYIICUHBIX
1 JIyTOBO-CTEeNHEIX). [TogoOHBIe coobmiecTBa B pa3zpes3e N3ydeHHs BOIPOCOB B3a-
uMojeiicTBus jeca u crenu oocnenoanuchk C.M. Kopxunckum [6], FO.J1. Kieo-
moBbIM [7], M.B. MapkoBsiM [8], a ¢ TOUKH 3peHUST JIE€COPACTUTENHHBIX YCIOBUN
ny6a — H.B. HanankosbiM [9]. OTnenbHBIC yIIOMUHAHUS MOXHO HAWTH B paboTax
C.A. I'pu6osoii [10] u I1.JI. [opuakoBckoro [1]. OgHAaKO 10 HACTOAIIETO BpEMEHH
HET YeTKUX YKa3aHUH Ha CAHTaKCOHOMHYECKYIO IPUHAIIC)KHOCTD TAaHHBIX TUIIOB
coobmiecTB. HemocTatouHbIi re000TaHUIeCKH MaTeprat He TIO3BOJISIIT OTBETHTh
Ha 3TOT BOIIPOC, TO3TOMY HEOOXOAMMa ONTHUMHU3AIMs cOopa JaHHBIX. [y 3TOrO0
HCTIONIF30BAIH METOIBI MOJACITHUPOBAHIS IIOTEHIIMAIEHOTO PACIPOCTPAHEHHS CO-
obmects [11, 12], otHOCUMBIX K TIopsiaky Quercetalia pubescenti-petraeae.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

B xadecTBe MCXOIHBIX JaHHBIX JUIS MOCTPOCHUSI MOJIENICH HAMHU HCIIOIB30-
BaHBI TOYKH JIOKAIWH TeO0OOTaHMYSCKUX OMHCAHHA COOOIIECTB, OTHECEHHBIX
K coto3aM Aceri tatarici-Quercion u Lathyro pisiformis-Quercion roboris. 910
OITyOJIMKOBaHHBIC TaHHBIE U3 78 JIOKaIMii Ha Tepputopuu bpsiackoii, benropon-
ckolt, Kypckoit obnacreii [13, 14], a Taxke Pecniy6nuku bamkoprocran u Open-
Oyprckoit oonactu [15—17]. YacTh JaHHBIX COCTABHIIN CBEICHHS, XpaHSIIHECs B
0azax maHHbIX npoekta European Vegetation Archive (EVA) [18] ¢ Tepputopun
CnoBakuu, PymbiHAN ¥ YKpauHbl (84 re000TaHMYSCKAX ONMUCAHUS, OTHECECHHBIX
aBTOpaMU K Coro3y Aceri tatarici-Quercion). Taxsxe HaMU 3KCIIEPTHO OTOOPAHBI
reo0OTaHWYECKUE ONUCcaHUs U3 0a3bl NaHHBIX Vegetation Database of Tatarstan
[19], koTOpbIe XapaKTepU30BaIU COOOIECTBA, C BEICOKOM 10JIeH BEPOSITHOCTH OT-
HOCHMBIE K Iopsiiky Quercetalia pubescenti-petraeae (6e3 OTHECEHHSI UX K KaKoO-
My-1u60 coro3y), — 65 onucaHuil.

B o0miei ci10XKHOCTH JUI IOCTPOSHUST MOJICIH HUCIOIh30BaHO 227 JOKaui
co0011eCTB KcepoMe30pUTHBIX AyOpas (puc. 1).

B xagectBe aOMOTHYECKUX IPEITUKTOPOB HCIIONH30BAHBI JaHHBIC KIMMAaTH-
yeckoit mogenu WorldClim 2.0 (http://www.worldclim.org; [20]) u mouBeHHOM
mozenn SoilGrids (https:/www.soilgrids.org; [21]).
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Puc. 1. PacnionoxkeHre reo00TaHHYECKUX OMMCAHUI
[Fig. 1. Location of the relevés]

Hannbie WorldClim copep:kaT cBEeACHHS O €KEMECIYHBIX OCalKax, MaKCH-
MaJIbHBIX, MUHAMAJIEHBIX ¥ CPETHIX TeMIIepaTypax, OMOKINMaTHICCKUE TI0Ka3a-
TENTU ¥ BBICOTHI HaJl YPOBHEM MOps. JTa nH(GOPMAIHS MMOIyYIeHa B BHJIE CETOK C
paspemenueM B 30"x30" (~1X1 KM), 4TO COOTBETCTBYET HAUOOIBIIEMY JOCTYII-
HOMY pa3peuieHUIo.

Ceenenns SoilGrids BKIIFOYAIOT KIIACCHI TOYB, (DU3WYECKHE U XHUMHUYCCKHUE
CBOMCTBA MOYB C IPOCTPAHCTBEHHBIM paspereHueM 250%250 m.

1 mocTpoeHust Mozien caMOi BOCTOUHOM 9aCTH UCCIIEYEMOM TEPPUTOPHUH
(Tarapcran 1 bamkoprocTaH) UCIONB30BATKCH JIaHHEBIC O JIECHOM ITOKPOBE MPO-
exta Global Forest Change ¢ npocTpancTBeHHBIM pa3zperienneM 1"x1" (https://
earthenginepartners.appspot.com/science-2013-global-forest; [22]). Ilpoctpan-
CTBEHHBIC JaHHBIC ITOATOTOBJICHBI ¢ oMoITsio maketa QGIS 2.14 [23]. s 1mo-
CTPOCHUSI MOJICIIY UCIIOJIb30BAJICS METO/I MAKCHMATBHOW SHTPOIIUH, PEaTU30BaH-
HBI B iporpamme Maxent (http://biodiversityinformatics.amnh.org/open_source/
maxent/; [24]), monpoOHOE pyKOBOACTBO K KOTOPOU JJOCTYIHO Ha PyCCKOM SI3bIKE
o ajpecy: http://gis-lab.info/qa/maxent.html.

[epBOHAYaILHO TOCTPOCHBI JBE OCHOBHBIC BEPOSTHOCTHBIC MOJICIH: IS
KIIMMaTHYeCKUX AaHHBIX (modl) M IuIsi MOYBEeHHBIX NaHHBIX (mod2). 3HaueHue
P, oq BPIPAKAET CTEMEHL MPUTOJHOCTH KIMMATUYECKHX YCJIOBMH Ul JaHHOTO
THIIA COOOINECTB, 3HAYE€HUE P, — CTENEHb IIPUTOJHOCTH MOYBEHHBIX YCJIOBH.
OTH epeMeHHbIC MOTYT OBITh TAKXKE HHTSPIIPETUPOBAHBI KAK BEPOSITHOCTH OOHA-
Py KEHHS TaHHOTO THIIa COOOIIECTB B KOHKPETHOIH reorpapmuecKkoil Touke. 3aremMm
OCHOBHBIC MOJICTT KOMOMHUPOBAIKCH YETHIPEMS CIOC00aMu. [l «ONTUMUCTH-
yeckoi» Monenu (mod3) KoMOWHAIHS BEPOSITHOCTEH JUIS KIIMMATHISCKUX H T10-
YBEHHBIX (DAaKTOPOB PacCUUTaHA KaK

pmod3:(pmod1+pmod2)_(pm0dl ><pmodZ)' (1)
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BepositHOCTE [UIsT «mieccUMECTHUECKOI» Monenn (mod4) paccuuTHIBaIach
KaK IIPOU3BEAECHIE OCHOBHBIX BEPOSITHOCTEI:
Prsods Pt ™ P )
Hna nByx moneneir (modS m mod6) BeposSTHOCTH, PAaCCUUTAHHBIE C YUIETOM
KJIUMara H TI0YBbI, 00beMHEHBI C KO((HUITUSHTOM PUCYTCTBHSI JIECOB (JIECHOTO
MIOKPOBA — tcc), KOTOphIi Bapsupyet oT 0 1o 1:

pmod5:pm0dlxpmod2xtcc' (3)
pmod():((pmodl+pm0d2)_(pm0d1 ><pmcrdZ))xtcc' (4)

Kaxxnas momens xanuOpoBanack ¢ UCIONB30BaHUEM 75% MAHHBIX W OIICHH-
Bajach 1o rmiomaau nox ROC-kpuBoit (AUC) ¢ UCIONb30BaHUEM OCTaBIIMXCS
25%.

CpaBHeHUe Moielel MPOBOIUIIOCH MOTIAPHO M0 KPpUTEpHIo Tecta JlenoHra
[25], cratucTHYecKr 3HAYMMBIMH pae3yiibTaTaMl MPUHUMAINCh 3HAYCHUS C
p-value < 0,05 .

PesysabTarsl Hccaeq0BaHus U 00CYKICHTE

ITo muenuto Ferrier & Guisan [26], HeCMOTpsl Ha HBIHELIHIOKO MOMYISIPHOCTh
MOJICITPOBAHIS HA YPOBHE BHJIOB, TIPH PEIIICHUN CHHTAKCOHOMHYIECKHX 3a/1a9 TIPO-
CTPaHCTBEHHOE MOJIETIMPOBAHUE HA YPOBHE COOOIIECTBA MOXKET OBITh 3HAYUTEIHHO
sddexruBree. [y mocTpoeHNsT MOAEHN MMOTEHIMAIHLHOTO PACTIPOCTPAHEHHS KCe-
poMe30(hUTHBIX TyOpaB Mbl IPUHSIM CTPATETHIO «COOpaTh CHadana, MpeacKa3arh
mo3xe» [26], B KOTOPO# ToJIeBbIe TaHHbIC CHavaIa IMoyIeyKar Kiacchu(puKaiyu, ymo-
PAIOYMBAHUIO WJIM arperalyu JUis co3laHus 0ObEeKTOB WM aTpuOyTOB HA YPOBHE
coo0mIeCTB. DTa CTpATErysi IMEET Kak CBOM IIPEUMYIIIECTBA, TaK U HETOCTATKH, IO/~
pobHo paccMoTrpeHHble B padote S. Ferrier u A. Guisan [26]. JloBosibHO Gobiioe
KOJIMYECTBO MOJIOKUTEIBHBIX PE3yIBTaTOB MOEINPOBAHKS TI0 CIIEHAPHIO «COOPaTh
CHauaJia, Mpe7IcKa3arh Mo3XKe» MOKa3aHo B psijie uccienoBanuii [27-32]. Mbl MoxkeM
MIPUBECTH TOJNBKO OJHY ITyOJIMKAINIO, TIe PEe3yNBTaThl MOJEIUPOBAHMUS O CIICHA-
pHIO «coOpaTh CHayana, MpeacKa3arh MOIKe» OKA3aIUCh XY)Ke pPe3yJIbTaToOB MOJIEIIH-
pOBaHUsI IO CIIEHAPHIO IIPEICKa3aTh CHadana, coopars modxe» [33].

Lenbto MomenupoBaHus SIBISUIOCH BBISBJICHUE JIOKAIUTETOB ¢ HAUOOIBIIIEH Be-
POSATHOCTBIO OOHAPYKEHHUST COOOIIECTB OCTEITHEHHBIX qyOpaB. /i1 Bepupukanmu
MOJTY4YEeHHBIX MOJIETIEN C MUCIIONIH30BAaHUEM 3aBEPOUHBIX MOJIEBBIX TAHHBIX HEO0XO-
MO OBDTO BEIOpATh MOJIENH C HAMIYYIINMH CTaTUCTHYECKUMH TIOKa3aTeIISAMH.

Bce moznenu, B kauecTBe IPEAUKTOPOB I KOTOPBIX UCTIOJIb30BAIUCH TAHHBIE
KIIMMaTH4IeCcKoi M moyBeHHOH Mojenu (modl, mod2, mod3, mod4), mokazanu
BbICOKY10 TouHOCTh — AUC=0,861-0,817. Mcnionp3oBaHue B KAYECTBE MPETUKTO-
pa uHOpMAaIK O HAJMYWH Jieca OYeHb CHIYKAJIa TOYHOCTh Mofelel — o 0,582.
[Ipu HEKOTOPBIX MOPOTrax MOJEINH, UCHOIB3YIOLINEe HHPOPMALIUIO O JIECHOM II0-
KpOBe, BEAYT ceOs Xyxe, 4eM CIy4YalHbIH BBIOOP OTBETa, TIOATOMY B JaJIbHEH-
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IIeM OTKa3aJiCh OT WX HCHONB30BaHuUs. [Ipn BH3yanm3anuy Bce YeThIpe MOIe-
JIU TIOKA3alld, YTO KPOME TeX CYOBEKTOB, C TEPPUTOPUN KOTOPHIX HCIIOIh30BAHBI
JaHHBIE U MOJENUPOBAaHUS, COOOIMIECTBA, OTHOCUMEBIE K MOpsAAKy Quercetalia
pubescenti-petraeae, Hanbonee BepoaTHO 0O0HapyxkuTh B UyBammu, Camapckoit
1 YIbsHOBCKOW oOmacTsax, CTaBpONOIBCKOM Kpae, Ha YKpanHe u B MoJoBe B
npejenax jJecocrenHoi 30ub1 Boctounoit Espors [34] (puc. 2).
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Puc. 2. Busyanusanus morydeHHbIX Mojienei: a — modl (KInMaTHYecKue JaHHbIC);
b — mod2 (nouBeHHbIe AaHHBIE); ¢ — M0d3 (KOMOMHHPOBAaHHAS ONITUMHUCTHYECKAsI);
d — mod4 (koMOMHHPOBaHHAS TIECCUMUCTHYICCKAS)

[Fig. 2. Visualization of the models: a - mod1 (climatic data); b - mod2 (soil data);
¢ - mod3 (combined optimistic); d - mod4 (combined pessimistic)]

Mopnenu ¢ HaunyummMu nokasareniMu AUC (mod3 u mod4) ucnons3osa-
HBI JUIS OIICHKH Hanboliee BEpOSATHBIX MECT OOHAPYKEHHUSI COOOIIECTB MOPsIKa
Quercetalia pubescenti-petraecae B Tarapctane (puc. 3). B cooTBeTcTBYIOIIUX
JIOKaJINTETaX BBHIIOJTHEHO 85 reo0OTaHWYecKHX omucaHmil. Hammame mporaos-
HBIX CBEJICHUI 0 MECTOOOMTaHMAX C BHICOKOH BEPOSTHOCTHIO OOHApYKEHHUS CO-
OOIIIECTB ATOTO THIIA TIO3BOJIJIO ONTHMU3HUPOBATH MPOIEAYPY BBISIBICHUS IaH-
HBIX (DUTOLIEHO30B M B TEYEHHE OJTHOTO IOJIEBOTO Ce30Ha 00Cie[oBaTh IIIONIa b
mopsimka 30 000 xkm?. IlpexBaputenbHas (GUTOICHOTHYECKas 0OpaboTKa MOIy-
YEHHBIX JIAaHHBIX yKa3blBaeT Ha IPHHAUIC)KHOCTh COOOIECTB K coro3y Lathyro
pisiformis-Quercion roboris nopsnka Quercetalia pubescenti-petraeae v He BbI-
SIBISIET COOOILECTB, KOTOPBIE MOXKHO OTHECTH K COI03y Aceri tatarici-Quercion.

s nccnenoBaHus MOMYYEHHBIX MOJENCH B Ka4eCTBE «TOYEK IPHCYTCTBISDY
WCIIOIb30BaHbl BHOBD BBIIIOJTHEHHbBIE T'€000TaHWYECKUe omucaHus (cM. puc. 3).
i «Todek oTCyTCTBH» BBIOpaHO 4 135 reo0OTaHMYECKUX ONMUCAHUKA U3 0a3bl
naHHbIX Vegetation Database of Tatarstan [19], He oTHOcAIMXCS K TyOpaBam.



64 M.B. Koswceenukoea, B.E. IIpoxopos, A.A. Casenves

® Model data relevés
® Verification relevés
[ Subjects of the Russian Federation [* ="
Model probability
L 1o

10,25
Eos
I 0,75
|
0 25 50 75 100 km
—

500" 550"

Puc. 3. PacnionoxxeHne 3aBepOuHBIX T€000TAaHNIECKUX OMMCAHUN
[Fig. 3. Location of the verification relevés]

CpaBHeHHe MOJieNIel TTPOBEICHO MONAapHO MO KpUTepHio TecTa Jenonra [25]
JUTS IBYX KoppeiaupoBaHHbIX ROC-kpuBbIX (TabI. 1).

Tabnuna 1 [Table 1]
CpaBHenue moaeseil (mod1-mod6) no kpurepuio tecra [lenonra (p-value)
[Comparing of models (mod1-modé6) by the DeLong test (p-value)]

modl mod?2 mod3 mod4 mod5 mod6
modl — 0,510 0,122 0,232 0,000 0,000
mod2 0,510 — 0,019 0,008 0,000 0,000
mod3 0,122 0,019 — 0,917 0,000 0,000
mod4 0,232 0,008 0,917 — 0,000 0,000
mod5 0,000 0,000 0,000 0,000 — 0,059
mod6 0,000 0,000 0,000 0,000 0,059 -

Tpumeuanue. mod1 — kmuMaruyeckue fanHble, mod2 — MoYBEHHBIE JaHHBIE, Mod3 — KOMOUHU-
pOBaHHasl ONTUMHCTHYECKAst, mod4 — KOMOMHUPOBAaHHAsI MECCUMUCTHYECKAsl, modS — KOMOH-
HUPOBAHHAsI ONTUMHUCTHYECKAsI C YIETOM JIECHOTO ITOKPOBa, mod4 — KOMOMHHUPOBaHHAsI TIECCH-
MUCTHUECKas C yUYETOM JIECHOTO IOKPOBA. [10/1y’>KHPHBIM BbIIE€TIEHBI CTATUCTUUECKH 3HAUUMbIE
ommmyuus (p < 0,05).

[Note. mod1 - Climatic data, mod2 - Soil data, mod3 - Combined optimistic, mod4 - Combined pessimistic,
mod5 - Combined optimistic with tree cover, mod6 - Combined pessimistic with tree cover. Statistically
significant differences are in bold (p <0.05)].

Mogenn modl, mod2, mod3 u mod4 cTaTUCTHYECKH 3HAYMMO OTJIWYHBI OT
Mozeeit modS u mod6. Beuuciienue cTaTucTHYeCcKOr BeTUIMHBI Z (Tadi. 2) mo-
3BOJISICT BHISIBUTH HAaHOOJIEE aIEeKBAaTHYIO MOJICIb.

AHamM3 CTaTHCTHYECKUX XapaKTEPHUCTHK ITOKa3bIBAET, YTO Monesb modl, mc-
MOJIB3YIOIIAs B KAYECTBE MPESTUKTOPOB JTAHHBIC KIIMMATHUCCKUX XapaKTEPUCTUK
(WorldClim), oOHapyXuBaeT JIydIiue pe3yJabTarhl, ueM Monuenb mod2 (Z mosno-
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JKUTEbHAsI) UCIIOJIB3YIOIIAs B KAUECTBE NMPEITUKTOPOB JaHHbIC TOYBCHHOH MoJie-
mu (SoilGrids).
Tabnuna 2 [Table 2]
CpasHenue mopeieii (mod1-mod6) no kpurepuio tecra Jlesionra (3Hauenue 7).
3HAaK CTATUCTUK Z NOKA3bIBaeT aJeKBATHOCTh MO/ieJIei

[Comparing of models (mod1-mod6) by the DeLong test (Z value).
The Z sign shows which of the models is more adequate]

modl mod?2 mod3 mod4 mod5 mod6
modl - 0,659 —1,547 —-1,195 5,402 5,881
mod2 - 2,344 -2,669 4,614 4,975
mod3 — 0,104 6,406 6,966
mod4 - 6,406 6,494
mod5 — 1,887

Ipumeuanue. modl — kIuMaTHyecKue MaHHbIe, Mod2 — MOYBEHHbIC AaHHBIC, Mod3 — KOM-
OMHHpOBaHHAsT ONTHUMHUCTHYECKas, mod4 — KOMOMHHPOBAaHHAsI MECCUMHUCTHYECKAs, mod5 —
KOMOMHHPOBAaHHAsI ONTUMUCTUYECKAsS C y4ETOM JIECHOTO MOKpOBa, mod4 — KOMOMHHPOBaHHAs
MECCUMHUCTHUYECKAs ¢ yUETOM JIECHOTO ITOKPOBA.

[Note. mod1 - Climatic data, mod2 - Soil data, mod3 - Combined optimistic, mod4 - Combined pessimistic,
mod5 - Combined optimistic with tree cover, mod6 - Combined pessimistic with tree cover].

Bwmecre ¢ Tem, ecam MBI HCTIONB3yeM B KadeCTBE NMPEANKTOPOB KOMOWHAIIHIO
atux aByx Mozeneit (WorldClim u SoilGrids) — mod3 1 mod4, To pe3ynbsrar BbINIs-
T Jydiie, yem B mod]1 (Z oTpuniarenbHas), ucnoib3yromeit Toasko WorldClim.
Cama ¢opma KOMOMHHUPOBAHUSI, paccunTanHast o gopmyne (1) unu Gopmyne (2),
HE Ba)KHA, ITOCKOJIBKY CTAaTHCTHYECKH 3HAYMMBIX DPa3IMdii MEXIy MOICIAMH
mod3 u mod4 He oOHapyxeHO (3HaueHue p-value=0,917, uyto Gomnee 0,05).

3akirouenne

Hcnonp3oBane MeXaHU3Ma MOZICIHPOBAHUS COOOIIECTB ONPEIEICHHOM CHH-
TaKCOHOMHYECKOW IIPUHANJIEKHOCTH TIO3BOJIACT BBISBIISITH WM C BHICOKOU JI0NIEH
BEPOSITHOCTH TIPEIIONIAaraTh OTCYTCTBHE JAHHOTO THIIA COOOIIECTB HA OIpese-
JIEHHON TeppPUTOPUH. DTy METOJUKY BO3MOXHO MCIOJIB30BaTh MPH pabdoTax Ha
OOIIMPHBIX W MAJOM3YYEHHBIX B CHHTAaKCOHOMIYECKOM OTHOIICHUH TEPPUTOPH-
SIX JJIS1 OITUMU3AIINH TIOJIEBBIX HCCIeJoBaHUi. B ciyuae kcepoMe30(UTHBIX Jy-
OOBBIX JIECOB HAWITyUYIINMH OKa3aJIFICh MOJIENH, HCIONB3YIONIIE B KAYeCTBE TIpe-
JUKTOPOB KOMOWHAIINH JAHHBIX KJIMMaTHYECKUX U TIOYBEHHBIX XapaKTEPUCTHK.
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Predictive modeling for the distribution of plant communities
of the order Quercetalia pubescenti-petraeae Klika 1933

The Braun-Blanquet method has been widely used by Russian researchers during
recent years for the purposes of vegetation classification. In this context, some regions,
such as the Republic of Bashkortostan, have been investigated in detail and their
complete prodromes are available. However, for plant communities of other territories,
including the Republic of Tatarstan, this work has just begun. The following two
major questions are commonly faced by researchers when studying the syntaxonomic
diversity of the territory: “Which of the already identified syntaxa are present in the
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study area?” and “Where can they be found?”. In this paper, we showed and discussed
one of the possible ways to answer the above questions.

Our research focused on xeromesophytic oak forests of the order Quercetalia
pubescenti-petracae Klika 1933 that belong to the class Quercetea pubescentis Doing-
Kraft ex Scamoni et Passarge 1959 and occupy an area within the forest-steppe zone of
Eastern Europe (40-60°N; 15-60°E). The obtained results add considerably to what is
already known about the plant communities in the territory of the Republic of Tatarstan
(54-57°N; 47-55°E). We based our model for potential distribution of xeromesophytic
oak forests on the following strategy: “first collect, then predict”. According to this
strategy, field data are first classified, arranged, or aggregated to further create objects
or attributes at the community level. The initial data for model construction were the
locations provided in the relevés for plant communities assigned to the alliances of Aceri
tatarici-Quercion Zolyomi 1957 and Lathyro pisiformis-Quercion roboris Solomeshch
et Grigoriev in Willner et al. 2016 within the territories of Slovakia, Romania, Ukraine,
and Russia (Kursk region, Bryansk region, Belgorod region, Republic of Tatarstan,
Republic of Bashkortostan, and Orenburg region). A total of 227 relevés were analyzed
(Fig. I). The data of the WorldClim 2.0 and SoilGrids models were used as the abiotic
predictors. To build a model of the easternmost part of the study area (Tatarstan and
Bashkortostan), we employed the data on the forest cover from the Global Forest
Change project. The spatial data were compiled with the help of the QGIS 2.14 package.
The Maxent method was applied as a modeling algorithm. The main probability models
using the climate and soil data as the predictors were combined in different ways,
calibrated using 75% of the data, and assessed by area under the ROC curve (AUC)
using the remaining 25%.

All models using the climate and soil model data as the predictors yielded highly
accurate results - AUC=0.861-0.817. On the contrary, when the data on forest presence
were used as the predictor, the accuracy of the models turned out to be significantly
lower, up to 0.582. Furthermore, at some threshold values the models based on the forest
cover data behaved worse than a random choice. At the stage of visualization, all models
demonstrated that oak communities belonging to the order Quercetalia pubescenti-
petraeae are most likely to be found in such areas of Russia as Bashkiria, Tatarstan,
Chuvashia, Samara region, Ulyanovsk region, Belgorod region, Bryansk region, Kursk
region, Belgorod region, Stavropol region (in the foothills of the Caucasus), as well as
in Ukraine, Romania, and Moldova, which is in good agreement with the published
data (Fig. 2). The models with the best AUC values were used to assess the suitable
habitats of Quercetalia pubescenti-petraeae communities in Tatarstan (Fig. 3). We
carried out 85 relevés at the localities where the probability of presence of the modeled
communities in the territory of Tatarstan was the highest. The preliminary presence of
the localities with the high probability of finding communities of a certain type allowed
to optimize the procedure for detection of these phytocenoses and to investigate an area
about 30 000 km? during a single field season. Further phytocoenotic processing of the
obtained data confirmed that these plant communities belong to the order Quercetalia
pubescenti-petraeae, the alliance Lathyro pisiformis-Quercion roboris. The analysis of
the statistical characteristics of the obtained results revealed that the model using the data
on climatic characteristics (WorldClim) as the predictors shows better results than the one
using the soil data (SoilGrids) as the predictors (See Table 1). At the same time, combining
these two models (WorldClim and SoilGrids) as the predictors showed better results than
the model using only WorldClim. The very form of combination is unimportant, because
no statistically significant differences were observed between the models (See Table 2).
Therefore, it was concluded that using the mechanism for modeling communities of a
certain syntaxonomic rank enables us to either register this type of communities within
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the borders of a particular area or to suggest with high probability that they do not occur
here. A similar approach can be helpful when studying vast and poorly known, in terms
of syntaxonomic composition, territories for optimization of field research. In the case of
xeromesophytic oak forests, the models based on the combination of climate and soil data
as the predictors proved to be the most appropriate ones.

The paper contains 3 Figures, 2 Tables and 34 References.

Key words: Quercetea pubescentis; xeromesophytic oak forests; WorldClim;
SoilGrids; Maxent; Republic of Tatarstan.

The authors declare no conflict of interest.

References

Gorchakovskiy PL. Rasteniya evropeyskikh shirokolistvennykh lesov na vostochnom
predele ikh areala [Plants of European deciduous forests at the eastern border of their range].
Trudy instituta ekologii rasteniy i zhivotnykh Ural skogo filiala AN SSSR [Proceedings of
the Institute of Plant and Animal Ecology, Ural Branch of the Academy of Sciences of the
USSR]. Vol. 59. Sverdlovsk: RISO UFAN SSSR Publ.; 1968. 207 p. In Russian

Korotkov KO, Morozova OV, Belonovskaja EA. The USSR vegetation syntaxa prodromus.
Moscow: Vilchek Publ.; 1991. 68 p.

Mirkin BM, Naumova LG. Sovremennoye sostoyaniye osnovnykh kontseptsiy nauki o
rastitel’nosti [Current state of the main concepts of vegetation science]. Ufa: ANRB, Gilem
Publ.; 2012. 488 p. In Russian

Mucina L, Biiltmann H, DierBien K, Theurillat J, Raus T, Carni A, Sumberova K, Willner
W, Dengler J, Garcia RG, Chytry M, Hajek M, Di Pietro R, Iakushenko D, Daniéls FJA,
Bergmeier E, Santos Guerra A, Ermakov N, Valachovi¢ M, Schaminée JHJ, Lysenko T,
Didukh YP, Pignatti S, Rodwell JS, Capelo J, Weber HE, Solomeshch A, Dimopoulos P,
Aguiar C, Hennekens SM, Tichy L. Vegetation of Europe: Hierarchical floristic classification
system of vascular plant, bryophyte, lichen, and algal communities. Applied Vegetation
Science. 2016;19(S1):3-264. doi: 10.1111/avsc.12257

Semenishchenkov YA. Shirokolistvennyye lesa Evropeyskoy Rossii v opublikovannoy
iyerarkhicheskoy floristicheskoy klassifikatsionnoy sisteme (Mucina et al., 2016):
diskussionnyye voprosy i nereshennyye problemy [Deciduous forests of the European
Russia in a published “Hierarchical floristic classification system...” (Mucina et al., 2016):
Discussion questions and unsolved problems]. In: Botany in the modern world. Proc. of the
XIV Congress of the Russian Botanical Society and the Conference “Botany in the Modern
World” (Makhachkala, 18-23 June 2018). Vol. 2: Geobotany. Botanical resource research.
Introduction of plants. Cultivated plants Budantsev AL, editor. Makhachkala: ALEF Publ.;
2018. pp. 131-134. In Russian [Electronnic resourse]. Available at: https://www.binran.ru/
files/publications/Proceedings/Proceedings RBO/XIV_RBO_Proceedings T2.pdf (access
15.07.2019)

Korzhinskiy SI. Severnaya granitsa chernozemno-stepnoy oblasti vostochnoy polosy
Evropeyskoy Rossii v botaniko-geograficheskom i pochvennom otnoshenii [The northern
border of the chernozem-steppe region of the eastern strip of European Russia in botanical,
geographical and soil terms]. Kazan: Imperial University Press; 1888. 253 p. In Russian
Kleopov YD. Analiz flory shirokolistvennykh lesov Evropeyskoy chasti SSSR [Analysis of
the deciduous forest flora in the European part of the USSR]. Kiev: Naukova dumka Publ.;
1990. 352 p. In Russian

Markov MV. Les i step’ v usloviyakh Zakam’ya [Forest and steppe in the Kama region].
Uchenyye zapiski Kazanskogo universiteta. Ser. Botanika [Proceedings of Kazan University.
Series Botany]. 1935;95,7(2):69-179. In Russian


https://onlinelibrary.wiley.com/doi/full/10.1111/avsc.12257
https://www.binran.ru/files/publications/Proceedings/Proceedings_RBO/XIV_RBO_Proceedings_T2.pdf
https://www.binran.ru/files/publications/Proceedings/Proceedings_RBO/XIV_RBO_Proceedings_T2.pdf

Ilpoznosnoe mooenuposanue pacnpocmpanenus pacmumensvuvix coodugecms 71

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Napalkov NV. Dubravy severo-vostochnoy lesostepi [Oak forests of the north-eastern
forest steppe]. Kazan: Tatknigoizdat Publ.; 1953. 144 p. In Russian

Gribova SA, Isachenko TI, Lavrenko EM. Rastitel’nost” Evropeyskoy CHasti SSSR [Vegetation
of the European part of the USSR]. Leningrad: Nauka Publ.; 1980. 236 p. In Russian

Chapman DS, Purse BV. Community versus single-species distribution models for British
plants. J Biogeography. 2011;38(8):1524-1535. doi: 10.1111/j.1365-2699.2011.02517.x
Potts AJ, Hedderson TA, Franklin J, Cowling RM. The Last Glacial Maximum distribution
of South African subtropical thicket inferred from community distribution modeling.
J Biogeography. 2013;40(2):310-322. doi: 10.1111/j.1365-2699.2012.02788.x

Bulokhov AD, Semenishchenkov YA. Communities of class Querco-Fagetea Br.-Bl. et
Vlieger in Vlieger 1937 in Sudost-Desna watershed area (Bryansk region). Rastitel 'nost’
Rossii = Vegetation of Russia. 2008;13:3-13. In Russian

Semenishchenkov YA, Poluyanov AV. Steppificated broad-leaved forests of the alliance
Aceri tatarici-Quercion Zolyomi 1957 on the Middle-Russian Upland. Rastitel 'nost’
Rossii = Vegetation of Russia. 2014;24:101-123. In Russian

Martynenko VB, Yamalov SM, Zhigunov OY, Filinov AA. Rastitel’nost’ gosudarstvennogo
prirodnogo zapovednika “SHul’gan-Tash” [Vegetation of Shulgan-Tash State Nature
Reserve]. Ufa: Gilem Publ.; 2005. 272 p. In Russian

Martynenko VB, Shirokikh PS, Muldashev AA, Solomeshch Al. On the new association
of steppe oak forests on the South Urals. Rastitel 'nost’ Rossii = Vegetation of Russia.
2008;13:49-60. In Russian

Florairastitel 'nost’ Natsional 'nogo parka “Bashkiriya” (sintaksonomiya, antropogennaya
dinamika, ekologicheskoye zonirovaniye) [Flora and vegetation of Bashkiria National Park
(Syntaxonomy, anthropogenic dynamics and ecological zoning)]. Mirkin BM, editor. Ufa:
Gilem Publ.; 2010. 512 p. In Russian

Chytry M, Hennekens SM, Jiménez-Alfaro B, Knollova I, Dengler J, Jansen F, Landucci F,
Schaminée JHJ, A¢i¢ S, Agrillo E, Ambarli D, Angelini P, Apostolova I, Attorre F, Berg C,
Bergmeier E, Biurrun I, Botta-Dukat Z, Brisse H, Campos JA, Carlén L, Carni A, Casella L,
Csiky J, Custerevska R, Daji¢ Stevanovi¢ Z, Danihelka J, De Bie E, de Ruffray P, De
Sanctis M, Dickoré WB, Dimopoulos P, Dubyna D, Dziuba T, Ejrnas R, Ermakov N, Ewald J,
Fanelli G, Fernandez-Gonzalez F, Fitzpatrick U, Font X, Garcia-Mijangos I, Gavilan RG,
Golub V, Guarino R, Haveman R, Indreica A, Isik Giirsoy D, Jandt U, Janssen JAM,
Jirousek M, Kacki Z, Kavgaci A, Kleikamp M, Kolomiychuk V, Krstivojevié Cuk M,
Krstonosi¢ D, Kuzemko A, Lenoir J, Lysenko T, Marceno C, Martynenko V, Michalcova D,
Moeslund JE, Onyshchenko V, Pedashenko H, Pérez-Haase A, Peterka T, Prokhorov V,
Rasomavicius V, Rodriguez-Rojo MP, Rodwell JS, Rogova T, Ruprecht E, Rusipa S,
Seidler G, Sibik J, Silc U, Skvorc Z, Sopotlieva D, Stan¢i¢ Z, Svenning J, Swacha G,
Tsiripidis [, Turtureanu PD, Ugurlu E, Uogintas D, Valachovi¢ M, Vashenyak Y, Vassilev K,
Venanzoni R, Virtanen R, Weekes L, Willner W, Wohlgemuth T, Yamalov S. European
Vegetation Archive (EVA): An integrated database of European vegetation plots. Applied
Vegetation Science. 2016;19(1):173-180. doi: 10.1111/avsc.12191

Prokhorov V, Rogova T, Kozhevnikova M. Vegetation Database of Tatarstan.
Phytocoenologia. 2017;47(3):309-313. doi: 10.1127/phyto/2017/0172

Fick SE, Hijmans RJ. WorldClim 2: New 1x1 km spatial resolution climate surfaces for
global land areas. International J Climatology. 2017;37(12):4302-4315. doi: 10.1002/
joc.5086

Hengl T, De Jesus JM, MacMillan RA, Batjes NH, Heuvelink GBM, Ribeiro E, Samuel-
Rosa A, Kempen B, Leenaars JGB, Walsh MG, Gonzalez MR. SoilGrids1km - global soil
information based on automated mapping. PLoS ONE. 2014;9(8):¢105992. doi: 10.1371/
journal.pone.0105992


https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2699.2011.02517.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2699.2012.02788.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/avsc.12191
https://www.schweizerbart.de/papers/phyto/detail/47/87938/Vegetation_Database_of_Tatarstan
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.5086
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.5086
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105992
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105992

72

M.B. Koswceenukoea, B.E. IIpoxopos, A.A. Casenves

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hansen MC, Potapov PV, Moore R, Hancher M, Turubanova SA, Tyukavina A, Thau D,
Stehman SV, Goetz SJ, Loveland TR, Kommareddy A, Egorov A, Chini L, Justice CO,
Townshend JRG. High-Resolution Global Maps of 21st-Century Forest Cover Change.
Science. 2013;342:850-853. doi: 10.1126/science.1244693

QOGIS Development Team. QGIS Geographic Information System, 2018. Open Source
Geospatial Foundation Project. [Electronic recourse]. Available at: http://qgis.osgeo.org
(accessed 10.09.2018).

Phillips SJ, Anderson RP, Schapire RE. Maximum entropy modeling of species
geographic distributions. Ecological Modeling. 2006;190(3-4):231-259. doi: 10.1016/j.
ecolmodel.2005.03.026

DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more
correlated receiver operating characteristic curves: A nonparametric approach. Biometrics.
1988;44:837-845. doi: 10.2307/2531595

Ferrier S, Guisan A. Spatial modelling of biodiversity at the community level. J Applied
Ecology. 2006;43:393-404. doi: 10.1111/j.1365-2664.2006.01149.x

Elias RB, Gil A, Silva L, Fernandez-Palacios JM, Azevedo EB, Reis F. Natural
zonal vegetation of the Azores Islands: Characterization and potential distribution.
Phytocoenologia. 2016;46(2):107-123. doi: 10.1127/phyto/2016/0132

Ferrier S, Drielsma M, Manion G, Watson G. Extended statistical approaches to modelling
spatial pattern in biodiversity in northeast New South Wales. II. Community-level modeling.
Biodiversity and Conservation. 2002;11:2309-2338. doi: 10.1023/A:1021374009951

Oo WP, Koike F. Dry forest community types and their predicted distribution based on
a habitat model for the central dry zone of Myanmar. Forest Ecology and Management.
2015;358:108-121. doi: 10.1016/j.foreco.2015.09.006

Reger B, Héring T, Ewald J. The TRM Model of Potential Natural Vegetation in Mountain
Forests. Folia Geobotanica. 2014;49(3):337-359. doi: 10.1007/s12224-013-9158-0
Serrano A, Gonzalez-Irusta JM, Punzén A, Garcia-Alegre A, Lourido A, Rios P,
Blanco M, Gémez-Ballesteros M, Druet M, Cristobo J, Cartes JE. Deep-sea benthic
habitats modeling and mapping in a NE Atlantic seamount (Galicia Bank). Deep-Sea
Research Part I: Oceanographic Research Papers. 2017;126:115-127. doi: 10.1016/j.
dsr.2017.06.003

Barker NKS, Slattery SM, Darveau M, Cumming SG. Modeling distribution and abundance
of multiple species: Different pooling strategies produce similar results. Ecosphere.
2014;5(12):1-24. doi: 10.1890/ES14-00256.1

Ko Ch-Y, Schmitz OJ, Jetz W. The limits of direct community modeling approaches for
broad-scale predictions of ecological assemblage structure. Biological Conservation.
2016;201:396-404. doi: 10.1016/j.biocon.2016.07.026

Erdés L, Ambarli D, Anenkhonov OA, Batori Z, Cserhalmi D, Kiss M, Kréel-Dulay G,
Liu H, Magnes M, Molnér Z, Naqinezhad A, Semenishchenkov YA, Tolgyesi C, Torok P.
The edge of two worlds: A new review and synthesis on Eurasian forest-steppes. Applied
Vegetation Science. 2018;21:345-362. doi: 10.1111/avsc.12382

Received 21 February 2019; Revised 16 May 2019;
Accepted 15 August 2019, Published 27 September 2019

Author info:

Kozhevnikova Mariya V, Cand. Sci. (Biol.), Deputy Director of the Institute of Environmental Sciences,
Kazan Federal University, 18 Kremlevskaya Str., Kazan 420008, Russian Federation.

ORCID iD: http://orcid.org/0000-0002-8771-5679

E-mail: mvkozhevnikova@kpfu.ru


https://science.sciencemag.org/content/342/6160/850
http://qgis.osgeo.org
https://www.sciencedirect.com/science/article/pii/S030438000500267X
https://www.sciencedirect.com/science/article/pii/S030438000500267X
https://www.jstor.org/stable/2531595
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2664.2006.01149.x
https://www.ingentaconnect.com/content/schweiz/phyt/2016/00000046/00000002/art00001
https://link.springer.com/article/10.1023/A:1021374009951
https://pubag.nal.usda.gov/catalog/5426056
https://app.dimensions.ai/details/publication/pub.1036830084
http://adsabs.harvard.edu/abs/2017DSRI..126..115S
http://adsabs.harvard.edu/abs/2017DSRI..126..115S
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1890/ES14-00256.1
https://www.sciencedirect.com/science/article/pii/S0006320716302919
https://onlinelibrary.wiley.com/doi/full/10.1111/avsc.12382
http://orcid.org/0000-0002-8771-5679
mailto:mvkozhevnikova@kpfu.ru

Ilpoznosnoe modenuposanue pacnpocmpanenus pacmumensuvlx cooduecms 73

Prokhorov Vadim E, Cand. Sci. (Biol.), Assoc. Prof., Department of General Ecology, Institute of Envi-
ronmental Sciences, Kazan Federal University, 18 Kremlevskaya Str., Kazan 420008, Russian Federation.
ORCID iD: http://orcid.org/0000-0001-8166-7269

E-mail: vadim.prokhorov@kpfu.ru

Saveliev Anatoly A, Dr. Sci. (Biol.), Professor, Department of Ecosystem Modeling, Institute of Environ-
mental Sciences, Kazan Federal University, 18 Kremlevskaya Str., Kazan 420008, Russian Federation.
ORCID iD: http://orcid.org/0000-0002-6270-7744

E-mail: Anatoly.Saveliev.aka.saa@gmail.com


http://orcid.org/0000-0001-8166-7269
mailto:vadim.prokhorov@kpfu.ru
http://orcid.org/0000-0002-6270-7744
mailto:Anatoly.Saveliev.aka.saa@gmail.com

