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CTPYKTYPA METACOOBIIECTBA IITHUILL
HA TPAHULIE TAUTH U JIECOCTEIIN 3AYPA-
JbS: CBA3b C TPAIMEHTAMM CPE1bI, ITPO-
CTPAHCTBEHHBIMHU NPOILIECCAMU U ME K-

BUJIOBOU KOHKYPEHIIMEA

HomnoB
Cepreii BnagumupoBu4

Kniouesble cnosa:
meTacoobuectso
coobuectsa NTuy,
NPOCTPaHCTBEHHAsA CTPYKTYpa
HaceneHma NTuy,
B/IOYKEHHOCTb

obHoBNEHUE

COBMECTHas BCTPEYaeMoCTb

000 Jlabopamopusi 5K0102U4ecKUX UCCcied08aHull,
mail@ecology-lab.com

AHHOTaumA: BbiaBieHne 06LWUX NPUHLIMNOB COOPKU NPUPOAHbIX CO0b-
LecTB ABnAETCA PyHAaMEHTaIbHbIM BOMPOCOM 3Ko0rMm coobuects. K
HacToAlWeMy BpeMeHU cHOopMyNPOBaHbI YeTbipe napagurmbl, B pam-
Kax KOTOPbIX M3y4YaeTcsa CTPYKTypa meTacoobuiecTtea u pakTopsbl, ee obe-
cneymsatowme. Cpeam BarKHENLNX NPOLLECCOB, BAUAIOLLNX Ha CTPYKTYPY
meTacoobuecTBa, BblAENAKOT CAyYaliHble NPOLLECChl, NPOLEecChl, AeTep-
MMWUHUPOBAHHbIE BHELLUHEN Cpeaon, U NPOLLECChl, AeTEPMUHUPOBAHHbIE
bMoTUYECKMMMN B3aMMOALENCTBUSMU. B JaHHOM cTaTbe paccMmaTpuBaeT-
CA POJIb 3KONOTUYECKUX TPAANEHTOB, HEIKONOTMYECKMX MPOCTPAHCTBEH-
HbIX NPOLLECCOB U MEKBUA0BOM KOHKYPEHLUMN B GOPMUPOBAHUM CTPYK-
TYpbl COOOLWECTB NTUL, Ha FPaHuKLEe Talrn u necoctenu 3aypanbs. B ne-
puog c 2000 no 2011 rog 6biamn cobpaHbl cBeAEHWUS O BUAOBOM COCTaBe
rHesgawmxca ntuy, 17 cantos. OnmncaHue CTPYKTYpbl MeTacoobluectsa
NpoBOAMAOCH C UICNO/Ib30BAaHMEM METOAA aHaNM3a 3/1IEMEHTOB CTPYKTY-
pbl meTacoobuiectsa — EMS. Jns BblaeNeHUA OCHOBHbIX 9KOJIOTUYECKUX
rpPaAMeHTOB MCNO/Ib30BaNACA METOZ, r/1aBHbIX KOMMOHEHT. A OUeHKK
BIMAHMA HE3KONOMMYECKMX MPOCTPAHCTBEHHbIX NPOL,ECCOB NPOBOAM/ICA
KOPpPEenAuMOHHbIA aHaNn3 CXOACTBa BMAOBOrO COCTaBa CalToOB M pac-
CTOSIHUA MeXAy 3TUMM caiiTamn. PONb KOHKYpPEHLUM M3yYanach 3a cHeT
CpaBHEHUA AMUCMEPCUN Pa3NMYMIA PAa3MePOB Tesla NTUL, KaK B Npegenax
OTAENIbHbIX CANTOB, TaK U B Npeaenax perMoHanbHoro nyna sMaos. Oas
CTaTUCTUYECKUIN MPOBEPKM rMMnoTe3 Habaogaemble MHAOEKCbl CPaBHU-
Ba/IMCb CO CYYaMHbIMM, PACCHUTAHHBIMM C MOMOLLbHO GUKCMPOBAHHOM
Hynesol mogenu (FF). Begywum npoueccom GOpMUPOBAHUA CTPYKTYPbI
meTacoobulecTsa NTUL, Ha rPaHULLE TalrKM 1 necoctenu 3aypanba ABNA-
€TCA COPTMPOBKA BMAOB BAO/b 3KONOTMYECKUX FpagneHToB. CTpyKTypa
meTacoobulecTBa NT1L, B paloHe UccaienoBaHnii B npeaenax HaumeHee
M3MEHEHHbIX aHTPOMOreHHOM AeATeNbHOCTbIO CAaMTOB COOTBETCTBYET
rMMCOHOBCKOMY rpaaneHTy. [MMCOHOBCKaA CTPYKTypa meTacoobluectsa
XOPOLUO KOPPENMPYET C OCHOBHbIM 3KOJIOTMYECKUM rpagneHTom. Bro-
KEHHOCTb CO0BLWECTB He BbiAB/EHA. [MNOTE3a 0 PON MEXKBUAOBOM KOH-
KYpeHUMn He noateseprkgaetrca. MUHUMANbHbIE Pa3/iNiymMA pPa3mepoB
TeNa NTUL He BbiABAeHbl. [na oTpagos Passeriformes u Falconiformes
XapaKTepHa arperayma pasmepos Tena. Posb NpoOCTPaHCTBEHHbIX MPO-
ueccoB B GOPMMPOBAHNM HAaceneHma NTuL, He cyllectBeHHa. Koppens-
LUMA MeXay CXOA4CTBOM BMAOBOIO COCTaBa M PAacCTOAHMEM MeXKAY Can-
TaMM He 3HaYMma.
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BeepeHune

Bonpoc, popmupytotca nmn akonornveckue
coobuiecTBa B COOTBETCTBUM C OMpeaesieHHbl-
MW MPaBUNAMU UAWN Ke Nopg, AeNCTBUEM Cay-
YalHbIX NPUYKH, ABNAETCA OA4HUM U3 OCHOBHbIX
B COBPEMEHHOM 3KoNornn. CYnTaeTca, 4Yto co-
obLecTBa NTUL, ABNAIOTCA PbIXAbIMU COBPaHU-
amu Bnaos (loose assemblages), KoTopbie B co-
CTOSHUWM COCYLLECTBOBATb C Pa3HbIMU BUAAMM
(Sybertz, Reich, 2015). BmecTe ¢ Tem ana obb-
ACHEHMA Hec/Ny4YaWHbIX TPynnMPOBOK BUAOB
6b1n chopmynmpoBaH psag npasua. Hanbonee
CMOPHOM OKa3anacb Maea MEXKBWAOBOM KOH-
KypeHuun. Diamond (1975) npeagnonaran, 4To
MEXKBUA0BAA KOHKYPEHLMA MOXKET NOPOXKAATb
3anpelweHHble KoMBMHaLMN BUAOB, KOTOpbIe
HUKOrAa He BCTpeyvatoTcA B MpupoAe, U pac-
npeAeneHnsa, COOTBETCTBYHOLLME LIAXMATHOM
[OCKe, MPWU KOTOPbIX KOHKYpUpYOLLME BUAbI
nsberatot gpyr ppyra. Kpome Ttoro, Teopusa
MEXBMAOBOM KOHKYPEHUMW npeanonaraer,
YTO CXOAHbIEe BMAbI A1 COBMECTHOrO cocylue-
CTBOBAHMA [0/KHbI PAa3nMYaTbCA pasmepamu
Tena, Yto Mo3BONAET YMEHbLWUTb KOHKYPEH-
umMto 3a notpebnsembln pecypc (Wang et al.,
2011). Fox B 1987 r. (unT. no: Wang et al., 2011)
B PaMKax TEOPUM MEXKBUAOBON KOHKYpPEHLUK
BbICKa3an Maew O TOM, Y4TO NPUPOAHble CO-
obuectBa GOpMUPYHOTCA 3a CYET BKAOYEHMA B
WX COCTaB BUA0B M3 PasHbIX GYHKLMOHANbHbIX
rpynn. B oTanume oT npeablaylimnx mogenen,
B/IO}KEHHble CTPYKTYpbl (nestedness) He cBA3a-
Hbl C MEXBWUA0BOW KOHKYPEHLMEN U BO3HUKA-
0T B Cny4yae, Korga begHble BUAAMM YYACTKM
ABNAIOTCA MNOAMHOXEeCcTBaMM boraTbiX BuAa-
MK yyacTkoB (Patterson, Atmar, 1986). Kpome
TOro, BO3MOMHbl W WHAMBMAYANUCTUYECKUE
OTBETbl BUAOB HA MECTHble rpagueHTbl GaKTo-
POB Cpenbl, KOTOPblE TAK¥Ke MOTyT NPUBOANTb
K dopMMpOBaHMIO onpeaeneHHbIX NPOCTPaH-
CTBEHHbIX CTPYKTYP.

Ona obvAacHeHMs HabatogaemMon TeppuUTopu-
aNbHOW HEOAHOPOAHOCTM BWAOBOFO COCTaBa,
CTPYKTYpbl U AMHAMMUKM COOBLLECTB, @ TaKKe
ANA MPOBEPKN paHee BbICKa3aHHbIX rMnoTes u
npaBua cpopmynnMpoBaHa CUHTETMYECKAA TeO-
pua metacoobuwecrtea (Metacommunity), no-
3BONAKOWAA YBA3aTb MPAAMEHTbI Cpeabl, MeX-
BMOOBble B3aMMOOTHOLLEHMA W C/y4YaiHble
npoueccbl. B pamkax KoHUenuumM meTacoob-
wecrtea (Metacommunity) K HacToawemy Bpe-
MEHW C/IOKUNNCH ABa OCHOBHbIX HanpasBieHun
M3YyYEHUss MPOCTPAHCTBEHHbIX WM3MEHEHWUIN B

MoanucaHa K neyartu: 24 aekabpa 2018 roga

BMAoBom coctase (Presley et al., 2010): nep-
Bblii MpeanonaraeT BbIBEHME MEXaHM3MOB
M NPOLLECCOB, BbI3bIBAIOLWNX 3TN U3MEHEHMUS;
BTOPOW COCPeaoTOYEH Ha NAeHTUPMKaLUN 06-
pa3L0oB pacnpeaeneHmsa BUa0B B NPOCTPaHCTBE
(oTHOCUTENbHO rPaaneHTOB cpeabl) U UX CpaB-
HEHWU C NAEanM3nPoOBaHHbIMK 0BpasLLaMU.

B nocnegHwue roapbl bbinv pa3paboTaHbl aHa-
NINTUYECKME MeToAbl, NO3BONAIOLLNE BbIABUTb
MHOTOYMNCNEHHbIE aCMEKTbl CTPYKTYPbl METaco-
obuwiectsa (Presley etal., 2009). OgHMM U3 TaKUX
noaxoA0B ABNSETCA aHA/NIN3 3/IEMEHTOB CTPYK-
Typbl meTacoobuiecTtsa (Analysis of elements of
metacommunity structure — EMS), nossonsto-
WMA BbISBUTb KOrepPeHTHOCTb, CMEHSEMOCTb
BMAOBOrO COCTaBa BAO/Ib 3KONIOTMYECKOro rpa-
ANEHTa N XapaKTep rpynnupoBKU rpaHuL, Bu-
[OBbIX AMANA30HOB (ranges). 3ToT noaxon, no-
3BO/IAET OHOBPEMEHHO CPaBHUTb Habaoaae-
Moe pacnpegeneHne BuaoBs ¢ 6 naeanmsmpo-
BaHHbIMM 06pa3LaMM, TAKMMKU KaK CayvalHoe
pacnpegeneHue, WaxmaTHble AOCKWU, B/IOXKEH-
Hble NOAMHOMECTBA, PaBHOMEPHbIN rPaANEHT,
KNEMEHTCOBCKUIN  TPaAneHT, [UCOHOBCKUM
rpaaneHnT (Leibold, Mikkelson, 2002). Kaxkapin
n3 3Tux o0bpasuoB npeactaBafaeT cobon yyact-
KU B MHOTOMEPHOM KOHTUHYYME BO3MOMKHbIX
NPOCTPAHCTBEHHbIX pacnpeaeneHnn snaos. K
HaACTOALLEMY BPEMEHWU BblAeNeHbl TaKKe A0-
NoJIHUTENbHble 06pa3Lbl — KBAa3U-CTPYKTYPbI,
N MOAENU FPYNNUPOBKM rPaHuUL, BUAOBbIX ANa-
nasoHoB (boundary clumping) ana BNOXEHHbIX
NOAMHOXeCTB, No3BoNAOWMX ele bonee ae-
TAaNN3NPOBATb KOHTUHYYM BO3MOXHbIX MNpPO-
CTPaAHCTBEHHbIX pacnpeaeneHunii BUAOB BAO/b
OCHOBHbIX rpaaneHToB cpeapl (Presley et al.,
2009; Presley et al., 2010). Kpome TOro, aHanus
31EMEHTOB CTPYKTYypbl MeTacoobuectsa (EMS)
MOXKET BbITb MCNONb30BaH Kak NepBbIi War ans
N3y4YeHUA CTPYKTYPbl MeTacoobluecTsa, No3Bo-
narowmuin cdbopmynmMpoBaTtb pag runotes Ans
opraHusauum bonee pAeTaNbHbIX WUcCiedoBa-
HWUIA N BbIABNEHUA Npoueccos, obecneynsato-
Wwmx Habnogaemoe pacnpegeneHme BMAOB Mo
mecToobuTaHuAM. B KoHTeKkcTe EMS meTacoob-
LLLeCTBO NOHMMAETCH KaK COBOKYMHOCTb 3KONO-
rMYecKMx coobLecTB Ha pPasHbIX y4acTKax, Ko-
TOpble NOTeHLMaNbHO, HO He 0653aTe/IbHO, MO-
ryT 6bITb CBA3aHbI 32 CYET pacceneHusa Buaos, B
TO BPeMS KaK coobLLecTBo — 3To rpynna Bnaos
B AaHHOM mecTe (Leibold, Mikkelson, 2002).

K HacToswemy BpemeHn cHOpMyNMPOBaHbI
yeTbipe Napagurmbl AN OObACHEHUA CTPYKTY-
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pbl MmeTacoobuiectBa: 1) HeliTpanbHan Teopun
npeagnonaraet, YTo pasnYHble BUAbl 3KBUBA-
NIEHTHbI, U yaenaeT 60nbloe BHUMAHUE CAy-
YalHbIM NpoLLeccam U pacceneHno Bnaos; 2)
KoHUenuma gMHaMunKm natyei (Patch dynamics)
npeanosaraeT, YTO BCE YYACTKU UAEHTUYHbI, U
AEeNaeT akUEHT Ha KOHKYPEHTHOM KONOHMU3aLUumn
naT4yen-y4yacTkoB BUAaMU; 3) B paMKax KoHLen-
UMM COPTUPOBKM BMAOB (Species sorting) cum-
TaeTcAa, YTo pacnpeneneHne BMA0B U BUAOBOM
COCTaB coObLEeCTB ONpeaenstoTcss MecTHbIMM
rpaAnMeHTaMmn OKpPYXKatoLLen cpeabl, a XOpoLo
paccenalowmeca BUAbl CNOCOOHbLI AOCTUrATb
BCEX NOAXOAALLMX YHACTKOB; 4) Maea MaccoBbIxX
appeKToB npeanonaraeT, YTo BaXKHYIO PO/b
B popmMMpOBaHNM COODOLLECTB MrPatOT 3KONO-
rMyeckue rpagmeHTbl U pacceneHve BUAOB
(Meynard, Quinn, 2008). Winegardner c coas-
Topamu (Vilmi et al., 2016) npeanonoxunu, 4to
maccoBble 3pPeKTbl N ANHAMUKA NaTYen aBNA-
FOTCA YACTHbIMM CNYyYaAMM COPTUPOBKN BUAOB.
C yyeToMm wumetowmxca nybamMKaumin MOXKHO
npeanonaratb, YTO COOTHOLWIEHWE M 3HAYM-
MOCTb A1 CTPYKTYPbl COOOLLECTB HEUTPANbHbIX
NPOLLECCOB M NPOLLECCOB, CBA3AHHbIX C 3KO/10TU-
YECKMMW HULLIAMW BUAOB, MOTYT pa3/inyaTbhbCs
B pa3Hbix ¢U3nKo-reorpadUUeckmx pernoHax.
Tak, Hanpumep, ansa coobuwecTs Nty PpaHuUM
XapaKTepPHO COBMECTHOe BAMAHUE (aAKTOpPoB
OKpYrKatoLer cpebl M NPOLLeCCOB pacceneHus,
Toraa Kak ana coobuwiects CeBepHoO AMepuKn
pellatollee 3HaYEeHNE MMEKT MECTHbIE 3KONO-
rmyeckme GpakTopbl NPU yMEePEHHOM BAUAHUK
avcnepcuu (Ozkan et al., 2012). Ans necos Ha
toro-3anage YepHoro mopsa (Typums) nokasaHa
AOMWHUPYIOLWAA POJiIb SKONOTMYECKON COPTU-
POBKW BWUAOB 33 CYET HULLEBbIX MPOLLECCOB, TOr-
A3 KaK HEe3KONOrMYeCKMM NPOCTPAHCTBEHHbIM
npoLeccam OTBOAMTCA BTOPOCTENEHHaA pPo/ib
(Ozkan et al., 2012).

B pamkax AaHHOro mccneaoBaHWA OLEHe-
Hbl 3aKOHOMEPHOCTM pacnpeneneHua BUAOB
BA0/1b BaXKHEMLIMX IKO/IOTMYECKUX FPaJMUEHTOB
N BO3MOXHasA poab psaa Npasua U NpoLeccos
B $opmMpoBaHMM coobuiecTB NTUL. 3a cyeT
TECTUPOBAHUA HECKONIbKUX aNbTEPHATUBHbIX
moaenemn cbopKkn coobLecTB MOXKHO BbIABUTb
BeAylMe npolecchl, onpeaenstowme Habnwo-
[AEeMYI0 NPOCTPAHCTBEHHYHO CTPYKTYpPY.

Matepuanbl

N3yyeHme coobuLecTs NTUL, NPOBOAM/IOCH HA
rpaHuLE HXHOM TalrM U CeBEPHOM NecocTenm
3aypanba (puc. 1). Bonbwan 4acTb CBEAEHWM
noJsiyyeHa BO BpemMA MCCnefoBaHWM Ha Tep-
putopun KameHckoro panoHa CBepAasioBCKOWM
n KyHalwaKckoro paioHa YenabuHckon obna-

cten. Pusunko-reorpadmnyeckoe panMoHUpPOBa-
HMe perMoHa MPUHATO COrNACHO npeAacTasie-
Huam lopyakoBckoro (1968), KoTopbin Bblae-
NAN NepexoaHyl Noa30HYy npeanecocTenHbIX
COCHOBbIX U Hepe30BbIX N1eCOB, OTHOCALLYOCA
K Taure. Penbed mecTtHOCTU — 3TO cnaboson-
HUCTaA paBHWMHA (NeHenseH), HaKNOHeHHadA K
BOCTOKY. [10/IMHbI MECTHbIX peK He BennKu. OT-
NnynTenbHaa ocobeHHOCTb pernoHa — obunue
03ep CO 3HAYUTENbHbIMW TPOCTHMKOBbLIMM 3a-
pocnamm no 6eperam. BereTaumMoHHbIM Nnepuoa,
HAYMHAETCA C KOHUQA anpena u NpoaonXKaeTca
A0 Hayana okTabpsa. 3uma gautcs 5-5.5 meca-
ua (Opnoea, 1962). Ha 3umy Bce peku 1 o3epa
3amep3atoT. B 3anagHOM YacTn paioHa uccne-
[O0BaHW NPOM3PACTaAtOT COCHOBbIe neca (Pinus
sylvestris). K 1oro-socToky ot [BypeyeHcKa co-
CHOBbIE Jleca COXPaAHAKTCA TONbKO MO A0Nu-
HaM peK, a MeXxaypeybsa 3aHATbl MO3aUYHbIMMN
0oCMHOBO-bepe3oBbIMM necamu. o nomam
pPeK pacnpocTpaHeHbl MBOBbIe U O/IbXOBble 3a-
pocau.

3a nocnegHme 300 net TeppPUTOPUA CUSIBHO
npeobpa3oBaHa AeATENbHOCTbD YenoBeKa:
Nlyra pacnaxaHbl 1 3aHATbI NONAMM, Neca u ne-
penecku BblpybaeHbl. B HEKOTOPbIX MecTax co-
CHOBble Neca 3amelleHbl BTOPUYHbIMK bepes-
HAKaMM NOPOCNEBOrO UM CMELLIAHHOIO NPOUC-
xoxaeHua. NMoMmmumo GU3NYEeCcKoro yHUUTOKe-
HMA KOPEHHbIX NaHALWAPTOB, BE/IMKO MPOMbILL-
NeHHoe 3arpAsHeHne TeppuTopmn. Ha yyacTke
KameHck-Ypanbckuin — YenabuHck pacnona-
raeTca roJsioBHaa 4actb BocTouyHO-Ypanbckoro
pagMoaKTMBHOro cnega. Knwouesble y4vacTKu
ANA NONEBbIX MCCNeaoBaHWUM Bbln 3aN10XKEHDI
B NpeAenax HauMeHee M3MEHEHHbIX NaHALWwad-
TOB.

PacnonoxceHue Kno4esbix y4acmKos, Mapui-
pymos, naow,adoK. N3yyeHune ntuy, nposoau-
nocb B nepuog ¢ 2000 no 2011 r. CymmapHas
TPYAOEMKOCTb cocTaBnseTr 6onee 330 aHen,
npoBeAeHHbIX «B nose». Ona usydeHus ntuy,
33/10)KEHA CeTb MapLIPYTOB, TOYEYHbIX Y4E€TOB
M naowanok. O6wan NpPoTAXKEHHOCTb MapLU-
pyToB (NOMMMO y4eToB Ha njolLaaKax) bonee
1000 km. 3a Bpems uccnegoBaHWM HaWaeHO
okosio 1000 rHesg nTumu.

MepBoHavanbHo (2000-2005 rr.) B palioHe
nccnefoBaHU H6blna 3an0kKeHa ceTb MapLlpy-
TOB, OXBATbIBAlOWAA OCHOBHble NaHAWadTbI.
MapLwpyTHble UCCNefoBaHMA NPOBOAUAUCH
NpPenMmyLLeCTBEHHO B THE34,0BOW Nepuog, B 40-
NvHe p. Ncetb oT 4. Wnnosa o yctba p. Ka-
MEHKa, a TakKe oT . KameHcK-Ypanbckuit oo 4.
YepHocKyTOBa. [MpOTAXKEHHOCTb MCCNeA0BaH-
HOro y4YacCTKa A0/nHbI p. MiceTb coctasasaeTt 53
KMm. O6cnenoBaHo 6.5 Km gonuHsbl p. KambiweH-
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Puc. 1. PacnonoeHue KnoueBbiX y4aCTKOB Ha rpaHuLe Talru n necoctenu 3aypanbs
Fig. 1. The location of key sites on the border of taiga and forest steppe of Trans-Urals

Ka (KameHckuin paiioH CBepaioBCKoM 061acTu)
oT ¢. Man. benoHocoB A0 ee yCTbA U A0/IMNHA p.
KameHKa B yepTe r. KameHck-Ypanbckuit. B go-
nnHe p. CnHapa uccnepgoBaHMAa NPOBOAUAUCH
Ha y4acTke c. YcTb-barapak — ¢. HoBbi bbIT.
MpoTaxkeHHOCTb 06cnen0BaHHOMO y4acTKa A0-
NnHbl p. CnHapa cocTtaBnaeT 9 Km. B rHesgosomn
nepuoa v 3MMoi NPOBOAUANCL NCCNEen0BAHMUA
B OKpecTHOCTAX 03. Tbirnw, rae n3yy4yaamcb co-
obuwecTsa NTUL, rHE3ALNXCA B TPOCTHUKOBO-
OCOKOBbIX 3apOCAAX U B OKPECTHbIX OCUHOBO-
H6epe30BbIX Nepeneckax cpean Nyros-noKoCcoB
n nonen. [JonoAHUTENbHO B THE34,0BOM Nepu-
oA 6binn 0bcnepoBaHbl 03. bonbwoit CyHrynb,
Manbin CyHrynb n YepsaHoe. MapLipyTHble
nccnepoBaHMA NPOBOAMAUCH B pPaliOHe 03.
Kypaknun-MasH. KpaTKocpouHble mapLlpyTHbie
nccnenoBaHUA B rHE340BOM Nepmog, NpoBoau-
ncb B panioHe 03. bepe3osckoe, COCHOBCKOE,
YepHoe, Yenrun, Caunrepnbl, Anapikynb, Kom-
Kynb, Cyrosk, MambIHKyb, Anakynb, AKTHOOUH-
ckoe, TumpeHKynb. TakXKe HenpoaoNKuTesb-
Hble Uccnef0BaHUA NPOBOAUAMNCH B PafiOHE 03.
LLlyBakuMw K ceBepo-3anagy ot r. EkatepuHbyp-
ra. B yepte r. KameHCcK-YpanbCcKkuin B BECEHHEE
N neTHee Bpema nccnefoBaHUA NPOBOAUAUCH
Ha TEPPUTOPUMN PEKYNBTUBMPOBAHHbLIX OTBANOB
aNtOMMHUEBOro 3aBoga. B npegenax xunom
3aCTPOMKN M3yYeHMe NTUL, NPOBOANNOCH TOJb-

KO B 3MMHee BpemsaA (r. KameHck-Ypanbckui,
c. PbibHMKOBO). B arpoueHo3ax 3anoxeH
5-KMNIOMETPOBbLIM MaplpyT K BOCTOKY OT A.
YepHoycoBa. Jleconosnoca BAONAb ene3Hou
A0pOorn n3y4yanacb Ha ydyactke ot «CtaHuma 35
KM» 210 03. KOMKy/b (KenesHoaopoKHan BeTKa
KameHcK-Ypanbckunii — HYensibuHck).

B 2006-2011 rr. ncnonb3oBasnUCb ToYeu-
Hble y4YeTbl Ha 60/bLLIOM TEPPUTOPUM HA y4acT-
Ke K BOCTOKY OT »ene3Hou goporn KameHck-
Ypanbckuin — YensabuHck ot gonunHbl p. CuHapa
(n. HoBbiit BbIT) Ha ceBepe [0 tOro-3anagHoro
bepera 03. Kypaknm-MasH Ha tore, B Teppac-
HbIX COCHAKaX A0ANHbI IceTn B OKPeCTHOCTAX C.
MamuHckoe - a. LLnnosa - c. ViceTckoe, B Tep-
pacHbIXx GepesHsKax K BOCTOKY OT KameHcKa-
YpanbcKoro, B MO3an4HbIX OCUHOBO-6epe30BbIX
Nlecax Mexaypeuunn.

OononHutenbHo B 2005 r., B NepBoi AeKaae
Mas, @ 3aTEM C TPETbEN AEKaAbl Maa No KOHeL,
WIONA, NPOBOANNUCH CTALMOHApHbIe nccneno-
BAHWA NTUL, B panoHe 03. MafAH Ha y4yacTKke 03.
MasH — 03. KomKynb — 03. Anakynb.

B 2006, 2010 » B8 2011 rr. B Nnpegenax pa-
Hee YKa3aHHOro y4yacCTKa K BOCTOKY OT Kenes-
HOM goporn KameHcK-Ypanbckui — HensbuHck
NPOBOAMNOCHL TOTa/IbHOE KapTUPOBaHUE rHe3s,
CokonoobpasHbix U CoBoobpasHbix. LLnpuHa
obcnengoBaHHOMO y4acTka OT 8 KM Ha ceBepe
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[0 3 Km Ha tore, naowaab 40 Km?. Ha mexay-
peybe nccaefoBaHUA NPOBOAUINCH HA YYacTKe
WMPUHOM 5 KM, K 3aMmagy OT KenesHou Aoporu
KameHcK-Ypanbckuin — YenabuHCK OT WMPOTbI
c. CunaBcKoe Ha ceBepe A0 A0NANHbI p. CMHapa
n barapsak Ha tore. B npegenax gaHHOro yvact-
Ka A4OMNONHUTENbHO Oblna 3anoXeHa y4veTHan
naoLwaaKa Ana KapTuposaHua rHesa Cokonoo-
6pa3Hbix 1 CoBOObpasHbIx pazmepom 10 Km?.

B2010-2011rr. B oKpecTHOCTAX 03. Kypakiun-
MafAH NpoBOAMIOCH TOTa/IbHOE KapTMpPOBaHMeE
rHe3aALWMXca NTUL Ha cnabo necuctTom naowaa-
Ke pasamepom 1.7 km2. B 2011 r. gononHUTENb-
HO NpPOBOAMNOCH TOTa/ibHOE KAPTMPOBAHUE
NTUL, Ha NJoWaaKe pasmepom 9 KM? Ha yyacTKe
mexay c. Okynoso un 03. Kypakaun-MasH.

B npeaenax u3yyeHHoU Tepputopun bblio
BblbpaHO 17 y4yacTKOB-CAaMTOB, MO KOTOPbIM
nMmeeTca Hambonbllee KONMYECTBO AAHHbIX O
rHes3asawmxca sngax ntuy,. Kaxkapih 13 Bblae-
JIeHHbIX CAaMTOB BK/IlOYAET HECKO/NbKO buoLe-
HO30B. TakMM 06pa3oMm, BblgeNeHNe y4acTKOB
ANA ONUCAHMA NPOBOANNOCH MO TEPPUTOPUAND-
HOMY MPUHUMMY, @ HE C y4eTOM 0AHO0bpasuA.
B sTom cnyyae ropaszo yaobHee ncnonb3oBathb
BHEMACLWITAOHbIA TEPMUH «CAUT», 4YTOObI He
nyTaTbh C YYETHOM NNOLLAAKOM UM KNHOYEBBIM
Yy4YacCTKOM.

O epaHuyax calimos. ns canTos, pacnono-
YKEHHbIX B npegenax obwupHbIX U 0aHOO06-
pa3HbIX TEPPUTOPUI, B KaYecTBe rpaHuL, 6bian
BblOpaHbl YC0BHbIE rPaHULbI 06Ccnea0BaHHON
TeppuTopun. B aTom cnyyae caT — ato obcne-
AOBaHHas nJowagKa B npegenax obwmpHoro
naHawadTa. Ana cantoB HebONbLWIOW NiOLLA-
OV B KayecTBe rpaHuL, BbiIbpaHbl €CTECTBEHHbIE
rPaHMLbl, XOPOLWO BUAMMbIE HA MECTHOCTH.
Hanpumep, o3epo Toirw (KameHckuit pai-
oH CBepA/ioBCcKOM 06/1acTM) MMeeT naowaab
yyTb 6bonee 6 Km?. O3epHan KOTIOBMHA AaH-
Horo o3epa 6blna BbibpaHa B KayecTBe canTa,
BK/IIOYAIOLLErO aKBATOPUIO M Y3KMK bBopatop
N3 TPOCTHMKOBO-OCOKOBbIX 3apocnei. 03. Tbi-
TULL, PAcrnoNOXEeHO M30AMPOBAHHO OT ApPYrux
BOLOEMOB, €ro MOXHO 0b6cnegoBaTb LEeNU-
KOM 1 060MTM BOKpyr. O3epHasa KOT/IIOBMHA
03. Kypaknn-MasaH (KyHawakckuin panoH Ye-
nAbuHcKkon obnactu) B 4 pasa 6onblue, Yyem
KOTN0BWMHA TbirMHA. Kpome TOro, no 6eperam
Kypaknn-MasH npowuspacTtatoT  0bLWMpHble
TPOCTHUKOBbIE, POro30Bble U OCOKOBble 3a-
pocan. MakcMManbHaA WNPKHA 3TUX 3apocnen
b6onee 2 KM (pacctosiHne OT KpaA TPOCTHMKOB
[0 OTKPbITOM BOAbl — HENOCPeaCTBEHHO akK-
BaTopumM 03. Kypaknn-MasH). B npegenax ob6-
LWMPHbIX TPOCTHUKOBbIX 3apoc/ielt 03. Kypaknu-
MasH 6bln BbIOpaH y4acToK NoWaabio OKO0

5 Km?, B npeaenax KOTOPOro U MpoBoAUAUCH
nccnepgosanua ntmy,. O6cnepoBaTh Xe BCe 03.
Kypaknn-MasaH npakTUYeckM HEBO3MOXKHO.

B cBA3M C OrpaHNUYEHHOCTbIO BO3MOXKHOCTEN
nccnegoBaHME KaXAoro BblAeNeHHOro camTa
NPOBOAMNOCH HE EXKeroAHo. B oTaenbHble rogbl
6onblue BHUMAHUA yAENnanocb To O4HOMY, TO
Apyromy canty. Kpome toro, 6oratbim Bugamm
NTUL, CalTaMm, rge BefMKa BO3MOMKHOCTb Npo-
nycKa BMA0B, yAENAN0Ch B LLenom 60/bLue BHU-
MaHus, a NoNeBble uccaeaoBaHms bbian bonee
NPOAOMMKUTENIbHBIMU MO CPaBHEHWUIO C calTa-
MM, HaceNeHHbIMU HeBONbLWIMM YNCNOM BUAOB
nTmy,

Ha mexaypeubsix uccnegyembie cantbl uMme-
M GOpPMY MHOTOYro/IbHUKOB, KBAaAPATHYH UK
NpPAMOYronbHyo popmy. B 4oNMHAX peK caliTbl
— MHOTOYro/IbHUKU — OPUEHTUPOBAHbI BAO/b
pycna pekun. CNUCKN BUMAOB ANA KarKAoro Bbl-
AENEHHOro Ha MeCTHOCTU caliTa COCTaBAA/IUCH
nyTem o606LEeHMA BCEX UMEIOLLNXCA AAHHbIX,
nosay4yeHHbix B nepuog ¢ 2000 no 2011 r. Mpwu
CcTaTUCTUYecKon o06paboTke WCNoNb30BaIUCH
TOMIbKO CalTbl, NO KOTOPbIM MMEHTCA AaHHble
He meHee Yyem 3a 3 rHe3foBbIx Nepuoaa. MNepe-
CYeT Ha NaowWaab MU pacyeT NNOTHOCTM Hacene-
HMA HE NPOU3BOANINCD.

MNonesble mMccneaoBaHUA MNPOBOAUAUCL BO
Bpema rHe3goBoro nepuoga (Man — MIOHbB) U
3umon (npenmmyuwecteeHHo B 2000-2002 rr.).
Kpome TOro, Ans BbIABNEHWUS MOAHOMO BMAO-
BOro CoCTaBa NTUL, B paliOHe UCCea0BaHUN U
ocobeHHocTeN GeHOMorMM MECTHbIX BUAOB MNO-
NeBble UccaeLoBaHNA NPOBOAUNUCH BO BTOPOM
NoJIoOBMHE anpena — mae U B Utosie — aBrycre.
Mpu ctaTucTnyeckon obpaboTKe AaHHbIX CBe-
AEHUA O NPONIETHbIX BUAAX UCKNOYEHbI U3 aHa-
nmsa. [Ans Kaxaoro BblAeNEHHOrO Ha MEeCTHO-
CTW cailTa COCTaBAANUCL CMUCKU FHE34ALWMXCA
N BO3MOXHO FHe3a4ALWMXCA BUAOB, NPONETHbIX
BMAOB, MUCNONb3YHOLWMX AAHHbIA CAalT TONbKO
BO BPEMA CE30HHbIX MUTPALUM, a TaKKe 3K-
MYyOLWNX BMAOB. K rHe3gammcs oTHOCMINCD
BMAbI, AN KOTOPbIX ObIN NOAyYeHbl Npsimble
CBMAETeNbCTBA FHE340BaHWUA: HAXOAKM THe3p,
C KNagKou uauM NTeHUamm, BCTPeYM Naoxo ne-
TAlOWMX HepacnaBLUMXCA BbIBOAKOB, BCTpeyu
B3POCAbIX NTUL, TACKalOWMX KOPM NTEHLAM B
rHe3ge unm B6an3n rHesga, BCTPeUmn B3POC/bIX
nTUL, CMAALLNX B THE34E B XapaKTepHOM nose
(HeKoTopble XULLHbIE, YAaMKK U KPaYyKK, rHe3aa
KOTOPbIX, PACNONOXKEHHbIE B TPYAHOAOCTYMHbIX
MecTax, He 6blin ocMoTpeHbl). K BO3MOXKHO
rHe3gAWMMCA BUAAM OTHOCMIUCL BUAbI, ANA
KOTOPbIX HE yAAN0Ch NONYYUTb NPAMblE AOKa-
3aTeNbCTBa rHe3aoBaHMA. B aTom cnydae Kpu-
TEPUAMU BO3MOMKHOIO rHE340BaHUA ABNAIUCH
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BCTpPeYn H6ecnoKosaLWwmxca B3pocCabix ocoben, a
TaKXe TeppUTOpPUabHbIX CaMLOB, NOKOLWMX B
TEeYeHMe AONTOoro BpeMeHM B npeaenax Hebonb-
LLIOro NoAXoAALLEro ANA rHe3A0BaHMA yYacTKa.
Pag BMaoB (NOroHbIWM, BOAAHOM MaCTYLIOK)
cyntanucb 6e3ycnoBHO TrHE3ZALWMMMUCA, XOTS
NPAMbIX M KOCBEHHbIX MPU3HAKOB rHe340BaHMA
He 6bl/10 HalaeHo.

YyeTbl NTUL, NPOBOAUNUCL KaK B CBET/IOE
BPEMA CYTOK, TaK M HOYbIO (33 UCKAOYEHUEM
COMKHYTbIX J1ecoB).

MeToabl

Mo pe3ynbTaTam y4yeToB MTUL, CTPOUIUCH
MaTpU1L,bl NPUCYTCTBUA-OTCYTCTBUA, TAE B CTPO-
Kax pacnonaranaucb BMAbl NTUL, a B cTonbuax
— 3acenAemble 3TUMM BMAAMK caiTbl. Mpu-
HagNeXHOCTb BMAA K TOMY MW UHOMY CaMTy
OLEHMBANACb TONbKO MO ¢GaKTy rHe3goBaHus
B ero npeaenax. Mpu nNocTpoeHnu matpuubl
NPUCYTCTBUA-OTCYTCTBUA  AaHHble, MNOy4YeH-
Hble NpPYM NOMOLUM PaA3HbIX METOA4OB Y4YeToB,
HO B nNpeaenax oAHOro camTta, 06begUHANMUCS.
Mepes aHanM30M CTPYKTYpbl MmeTacoobuiecTsa
BCE BCTPEYM MTUL, 3@ pasHble roAabl B O4HOM
calTe TaKxKe 0b6beguHANUCL ANA TOro, YTobbI
MWHUMU3NPOBATb BAUAHME CTYHaMHbIX MPUYNH
Ha cocTaB HaceneHus ntuy, (Bert, 2001; Royan
et al.,, 2016). Buag cumMtancs npucyTCTBYOLMUM
B Npeaenax Kakoro-nnmbo caita, ecanm oH 6bin
obHapyKeH rHesgsawmmca xota 6bl ogMH pas
3a BCe BpemMs uccneaoBaHuin. B aaHHOM uccne-
AO0BAHMKN CalT — y4aCTOK 3eMHOWN NOBEPXHOCTH
pasmepom oT 2—-3 ao 10 Km?, noaaep>unsato-
LM CyLLeCTBOBAHME NOKaNbHOrO coobuiecTsa
NTML,. YY4aCcTKM MeHbLUero pasmepa He paccma-
TPMBANUCL, YYETbI B UX Npegenax He NpoBo-
Avnucb. B npegenax ogHoro camta moryT pac-
nonaraTbCA HECKO/IbKO MEeCTOOOUTaAHUN MAn
61oueHo30B. TepMMH «CaWT» MCMNONb3yeTcA
BMECTO MOHATUN «MecToobuTaHmne», «bmnoTton»
Unn «bUoLEHO3», T. K. CAalT aBnseTca aTpmby-
TOM MECTHOCTM, @ He XapaKTEPUCTUKOWN KOH-
KPETHbIX BUAOB. TakMm 06pas3om, «camT» — 3To
YAOOHbIN BHEMACWTAOHbIN TEPMUH.

[Ons onucaHua ocobeHHOCTel pacnpeaene-
HWA BUA0B MO CANTaM MCNONb30BaAINCh METOAbI,
pa3paboTaHHble B paMKax KOHLENLUN MeTaco-
obulecTBa (Leibold, Mikkelson, 2002). laHHbI
NPOCTPAHCTBEHHO HEABHbIM Noaxo4 npeanona-
raeT TeCTUpPOBAHME pacnpeseneHms BMAoB no
calTam Ans onpeneneHua COOTBETCTBMA pAAayY
naeanm3npoBaHHbIx 06pa3uos. K HacToawemy
BpemeHu (Tabn. 1, puc. 2) naeHTMOUUMPOBaAHO
6 TaKMX MAEaNN3NPOBAHHbIX 06pa3LoB: 1) B/o-
eHHble nogmHorkectBa (Nestedness), 2) wax-
MmaTHble gocku (Checkerboard), 3) KnemeHTcoB-

ckmit rpagmeHT (Clementsian gradient), 4) rau-
COHOBCKMM rpagueHT (Gleasonian gradient), 5)
paBHOMepHOe pacnpeaeneHune, 6) cnyvyamHoe
pacnpeaenerHune (Leibold, Mikkelson, 2002), a
TaKKe psaf KBAsWU-CTPYKTYp. Karkapih U3 3Tux
Naeann3npoBaHHbIX 06pasyoB npeacTaBns-
eT cobo obnactb B MHOrOMEPHOM KOHTU-
HyYyMe CTPYKTypbl meTacoobuiectBa (Presley
et al., 2010). AHanun3 npoBoAMTCA B TPW 3Tana
(puc. 3). Ha nepBom aTane oueHMBaeTcA nocne-
[0BaTeNIbHOCTb BMAO0B (coherence), Ha BTOpom
— cMeHaemMocTb (turnover), Ha TpeTbeM — Xxa-
paKTep rpynnupoBKM TpaHWL, B pacnpegene-
HWUM BUAOB B paay caitos (boundary clumping).
Kaxkablit U3 3TUX Tpex 3TanoB 3aTparmeaeT oT-
[AENbHbIN acneKT CTPYKTYpbl meTacoobuiecTsa
(Leibold, Mikkelson, 2002).

Ona nposegeHna EMS B gaHHOM uccneno-
BaHWW MCNONb30BA/NIUCb ABa MoAxoga K op-
AVHAUMW  MaTpuUL, NPUCYTCTBUA-OTCYTCTBUA.
MepBblit Noaxon, npeanonaraeT nposeaeHue
OpAMHAUMKM 33 CcYEeT B3aMMHOro ycpeaHeHus
(reciprocal averaging), npn KOTOpom CanTbl M
BMAbl B MaTpuLe NpPUCYTCTBMA-OTCYTCTBMA CO-
PTUPYIOTCA TaKMM 06pasom, YTO CXOAHble MO
BMZAOBOMY COCTaBY CailTbl U BMAbI, HAacenato-
WMe OAHM W Te Ke CalTbl, OKa3blBAOTCA KaK
MOKHO 61MKe Apyr K Apyry. B atom cnyyae me-
TacoobLLeCcTBO BbICTPAMBAETCA B COOTBETCTBUM
C Pe3ynbTUPYOWEN BCEX MECTHbIX rpaamneH-
ToB cpeapl (Leibold, Mikkelson, 2002). Bropom
noAaxod npeanonaraeT opauMHaUMIO MaTPULb
NPUCYTCTBUA-OTCYTCTBUA B COOTBETCTBMM C OCS-
MM, MONYYEHHbIMWU C MOMOLLbID MeToaa rNaB-
HbIX KOMNoHeHT (Presley et al., 2009). Opau-
HaLWsA B COOTBETCTBUMN C Ba*KHEMLLIMMMU OCAMM
NO3BONIAET OLUEHWUTb Pas3/INYHble OTBETbl Me-
TacoobLLeCcTBa Ha CyLLECTBYHOLME TPAANEHTDI
$aKTopOoB cpeabl B palioHe UccaenoBaHUN.

KorepeHTHOCTb (coherence) onpepensetca
nyTem nNoAcYyeTa BCTPOEHHbIX B pacnpegene-
Hue BuaoB otcytcTBmn (Embedded absences).
CornacHo COBpPEeMEHHbIM NPeACTaBNEHUAM,
YNCNEHHOCTb (MW NIOTHOCTb HAaceneHus) Buaa
COOTBETCTBYET rayCCOBCKOMY pacnpeneneHuto.
B aTom cnyyae, ecnm BUA c onpeaeneHHom Ymc-
JNIEHHOCTbIO BCTPEYaEeTCA B ABYX TOYKAX B npese-
lax KaKoro-nMbo 3KON0rMYyeckoro rpagmeHTa,
TO OH [LO/I)KEH 3aCENATb U YHACTKM, pacrnonarato-
WMeca Mexay STUMM TOYKaMu, T. e. UMetoLme
NMPOMENKYTOYHblE 3HAYEHWUSA 3SKONOTMYECKOro
rpagmeHTa. Takum ob6pa3om, He AO0NKHO ObITb
HUKAKUX OTCYTCTBUW BMAA B N-MEPHOM rune-
pobbeme, onpeaensawolem dyHAaMeHTaNbHblE
HuwK Bnaos (Presley et al., 2010). XapaKTep
OTBETOB BWAOB HA 3KONOTMYECKUW TFpagUeHT
MOXET 3HauyuTeNbHO pa3nunyaTbcsa. B cayuvae,
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Puc. 2. OcHOBHbIe naeanmM3MpoBaHHbIe CTPYKTYpbl MeTacoobuectsa. Mo ocu «X» pacnosaratotca caiTbl, no
ocu «Y» — Buabl. Cepble KBagpaTUKM — NPUCYTCTBUE BUAA B Npeaenax calita. benble yyacTkn — oTcyTCTBME
BMAa B Npeaenax camta

Fig. 2. The main idealized structures of the meta-communities. On the “X” axis are sites, on the “Y” axis —

species. Gray squares denote the presence of species within the site. White areas — the lack of species within
the site

€CIn BUAbI, KaK rpynna, He AeMOHCTPUpPYIOT
OAMHAKOBbLIN OTBET HAa OAMH W TOT Ke rpaau-
EHT, TO pacnpeaeneHne snaos He dopmupyet
KOrepeHTHYto CTPYKTypy. OTCYTCTBUE KOTEPEHT-
HOCTUW, OAHAKO, elle He 03HayaeT CAy4yalHoro
pacnpegeneHuns BUAOB MO MECTOOBUTaHUAM.
KorepeHTHOCTb MOXKeT 6biTb NONOKUTENb-
HOM, OTpUUATENbHOM W cny4yamHoW. Huskoe
YMCNO BCTPOEHHbIX oTcyTcTBMN (embedded
absences) no cpaBHeHUIO C pacnpeneneHnem
Hy/NEeBbIX MOAENeN CBUAETENbCTBYET O MONOXKM-
TeNbHOM KorepeHTHoCcTHU (positive coherence) B
pacnpeaeneHnn BUA0B No cantam. /b nocne
[lOKa3aTeNbCTBa KOFePEHTHOCTM B pacnpesene-
HUW BUAOB MOXKHO MEPEXOAMUTL K CIeAYHOWMM
aTanam. B cnyyae oTpuuaTenbHOM KOrepeHTHO-

cTn (negative coherence) Tectupyemoe pacnpe-
AeneHve Buaos byaet 6onblie COOTBETCTBO-
BaTb wWaxmaTtHon gocke (Checkerboard), a Ha
BblbOp BMAamm mectoobutaHmuin bypet 6onb-
Woe B/IMAHME OKa3blBaTb MEXBMAOBAA KOH-
KypeHUuus 1 B3ammHoe uckntodeHune (Leibold,
Mikkelson, 2002; Presley et al., 2010). Ecnau xe
WHAOEKC BCTPOEHHbIX oTcyTcTBuiA (Embedded
absences) He oTaMyaeTca OT oXKuagaemoro Ans
Hy/NeBOI MoAenu, To pacnpegeneHne BUa0B B
npeaenax metacoobLiecTBa sBAsETCA Cay4ail-
HbIM, @ CYLLECTBYOLLMIMA SKONOTMYECKUI Fpaan-
€HT He OKa3blBaeT BAUAHUA Ha pacnpeneneHme
BMA0B no caiTam (Presley et al., 2010). MHAEKC
(EmbADbs) peanusoBaH B nporpamme Turnover
(Ulrich, 2012)
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Tabnuua 1. MaeannsmnpoBaHHble NAaTTEPHbI METACOODOLLECTBA M UCNO/Ib3yeMble MHAEKCbI AN UX

O06HapyKeHNn
O6oport MpynnupoBKa
MartepH OnucaHue UHpeKc KorepeHTHOCTb P Py P
BMA0B rpaHmy,
Ana nap sBngos
XapaKTepHbl B3aun-
LLaxmaTHas P P
MOUCKoYatoLWwme C-Score ¢ . o
DOCKa ACIDELENeHS V-Ratio OTpuuatensHaa CnyvyanHoln CnyyanHas
(Checkerboards) pacnpea
(3anpelyeHHble
KOMbUHaumm)
BupooBsoit coctas
BnoxeHHble MeCcToobUTaHNM
OTpuuartens- o
NOAMHOXeCTBa cooTBeTCcTByeT NODF MonoxutenbHasn el CnyyanHas
(Nested subsets) B/IOYKEHHbIM
NOAMHOeCTBaM
CoobulecTtsa
npeacTaBasaoT
coboit MonoxutenbHas
lpaguneHT
OVCKpeTHble . MNonoxn- NHaekc
KnemeHTtca Morisita MNonoxutenbHan o
. rpynnoi, TeNbHbIN MopwucuTbl
(Clementsian)
3amellatouime 6onblie 1
APYr 4pyra Kak
rpynna Bngos
CnyyainHoe
acnpegeneHue
lpagueHT pacripea
AnanasoHoB .. Monoxwu- He otanyaetca
nncoHa Morisita MonoxntenobHas . .
. BMA0B BAO/b TeNbHbIN OT C/ly4arHoro
(Gleasonian)
rpagneHToB
cpeabl
[JmnanasoHbl BUA0B
o acnpeaeneHsol
PagHOMepHbIN P go;?ee OTpuuartensHas,
rpagueHT .. MNonoxu- MHpekc
paBHOMEpPHO, Morisita MonoxutenoHasa o
(Evenly spaced TeNbHbIN MopucuTbl
. yem OXKMpaeTca
gradients) o MeHbLe 1
npu caydyamHoOm
pacnpegeneHnm
He Habnopaetca
o HUKaKnxX He
CnyyanHoe
rpaguMeHToB B He otanyaetca  oTamdaetcA  He oTaunyaetca
pacnpegeneHune . . L.
(Random) pacnpegeneHum OT C/ly4arHoM oT OT C/ly4anHom
BMAOB MO C/y4amHoro
MeCTO0bMTaHNAM
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Fig. 3. Scheme of analysis of the elements of the meta-community structure with additions based on existing
publications. References to sources are given in the text

O6opom sudos (Turnover). ObopoT BMAOB
(turnover) oueHuBaeTca nyTem noAcyeTa Ko-
NIMYEeCcTBa pas, Korga OAWMH BUA 3aMeHAeT Apy-
rom B ABYX camMTax. B maTpuue npucytcTeuma-
OTCYTCTBMA KaxKAaA TaKaA 3aMeHa Ha3blBaeTcA
LIAXMATHOW OOCKOM U MMeeT BUA,:

O |-
o

1

Obuee YMCN0 TaKUX 3aMEH ABNAETCA MePO
obopoTa BMAOB (turnover) B uccnegyemon ma-
Tpuue. B aTom cnyyae Hy)KHO yuuTbiBaTb TOT
baKT, YTO YMCIO TAaKUX 3aMeH B MaTpuLLe YyB-
CTBUTE/IbHO K NOJIOXKEHMIO ANana3oHoB (ranges)
M coobLecTB OTHOCUTENBHO APYT ApPYra, a TaK-
e U K OTCYTCTBMAM, BK/HOUYEHHbIM B 3TU AMa-
Na3oHbl M cooblecTBa. B gaHHOM cnyyae 3Tu
3aMeHbI He CBA3aHbl C OCHOBHbIM HaMpaBaeHU-
eM M3MEHYMBOCTM BMAOBOIO COCTaBa B Npeae-
Nax Kakoro-nnbo rpagmeHTa cpeabl. Mepes Ha-
YasloM TeCTUPOBAHMA MaTPULLbl NPUCYTCTBUA-
OTCYTCTBMA  COPTMPYIOTCA  ONpeaeneHHbIM
obpasom Ana TOro, YToH6bLI MUHUMM3UPOBATL
YMCNO BKJIOYEHHbIX OTCyTCTBMK (embedded
absences). TonbKo nocse COPTUPOBKU MaTpu-
bl NPOBOAMTCA NOACYET YNC/IA 3aMEH M CpaB-
HEeHWe 3TOro NMoKasaTena C aHaNorMYHbIM ANA

HyneBbix moaenei. ObopoT Buaos (turnover)
MOXKET ObITb NONOXKUTENbHbIM WAU OTPULA-
TenbHbIMm (Leibold, Mikkelson, 2002). B cayuae
oTpuuaTtenbHoro obopota (negative turnover)
CTPYKTypa meTacoobuiectsa bygert 6onblie co-
OTBETCTBOBATb B/IOXEHHbIM MNOAMHOXKECTBaM
(nested subset). BnoxeHHocTb (nestedness),
B CBOIO O4Yepesb, TaKKe NpoBepAeTcs ¢ NOMo-
Wb pacyeTa crneumanbHbIX CTAaTUCTUYECKUX
rnoKasaTteneu.

Bo BnoxeHHoit mopenn (Nestedness) Bu-
[0BOM cocTaB beaHbIX BUAAMM COOOLLECTB AB-
NAETCA NOAMHOMECTBOM boraTbix BUAAMW CO-
obuwects (Ulrich et al., 2009). OgHa u3 uene
TAKOro aHa/n3a — 3TO BbIABIEHUE OTKAOHAO-
LMXCA BMAOB, pacnpeneneHme KOTopblX He co-
OTBETCTBYET HanpaB/IeHUIO U3MEHYMBOCTU KO-
normnyeckux rpagueHtos (Ulrich et al., 2009).
AHanun3 BNIOXKEHHbIX MATPUL, NOKa3bIBAET, YTO
BMAbI-CNELMannCTbl, Hacenstowme HebonbLloe
4YMCNO CalTOB, B3aMMOAEMNCTBYIOT C Pa3HbIMU
rpynnamm BUAOB (KaK NpaBuao, C HEPOACTBEH-
HbIMW BWAAMMK), TOrAa KaK reHepanucTbl B3au-
MOAENCTBYIOT NPEMMYLLECTBEHHO TO/IbKO ApPYr
C Apyrom (T. e. ¢ BUAAMMU-TeHepanmcTamm).

BnoxeHHocTb  (Nestedness) coobuiects
6blNa NoKasaHa A1 MHOTMMX TaKCOHOB, 3a UC-
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KAtoueHnem BOoAHbIX 6ecno3BoHOYHbIX. Mpes-
nonaraeTca, 4YTO B/IOXKEHHOCTb CcoobLLecTs
(Nestedness) aBnaeTcs CNOKHbIM GEHOMEHOM,
Ha KOTOPbIN OKa3biBAeT BAUAHME MHOMKECTBO
¢dakTopoB (Boecklen, 1997). TakKe BbiAB/AEHA
dOYHKUMOHANbHAA B/IOXKEHHOCTb coobLiecTs
(Matthews et al., 2015).

Mpn Nestedness-aHannMse npoBoauTCA cne-
LUManbHas COPTUPOBKA MaTpuupbl. B pesynbra-
Te Yero BCe BMAbl W CaliTbl OKa3blBaOTCA OT-
COPTUPOBAHHLIMM oOnpeaeneHHbIM obpasom:
BMAbI, Hacensawlmne MaKCMManbHOE Kosnye-
CTBO CaNTOB, OKA3bIBAOTCA B BEPXHMX CTPOYKAX
MaTpuLbl, @ Hanbonee 6oraTtble BUAAMU CANTbI
pacnonaratoTcs B N1€BOM Yactu matpuubl. MNo-
cne Takoro npeobpas3’oBaHUA M BblYMCNEHUS
WHAOEKCOB, XapaKTepusyoLWmnx pacnpeaeneHune
BMAOB NO caliTam, NPOBOAUTCA CPAaBHEHNE IM-
NUPUYECKON MATPULLbl U SMIUPUYECKUX UHOEK-
COB C @HAJIOTMYHbIMK AN5 CyYalHbIX MaTpULL
N UHAEKCOB, MOCTPOEHHbIX Ha OCHOBE HYNEBbIX
Mmogenein. B gaHHOM c/iyydae TaK »Ke MCMoNb-
30Banacb Hambonee KoHcepBaTMBHAA PUKCK-
poBaHHas (FF) ana cTpok un ctonbuos Hynesan
MOZENb.

B AaHHOM NybaMKaumm B Ka4ecTBe MHAEKCOB
npu Nestedness-aHannse ucnonb3yetrca NODF
n C-Score. NODF (nestedness metric based
on overlap and decreasing fill) — ato ogHa u3
CaMbIX MONYAAPHbIX Mep, WUCMO/b3yeMbiX B
Nestedness-aHanuse (Podani, Schmera, 2012).
NHoekc NODF nsmepsaetca B gnanasoHe ot 0
00 100. Mpwu 3HavyeHnn nugekca NODF, paBHOmM
100, BNIOXKEHHOCTb M YNOPAAOYEHHOCTb MATPU-
Lbl MaKcMManbHa. Eciv 3HaueHue paBHO Hy/to,
TO B/IO’KEHHOCTU (nestedness) HeT. PacyeT mH-
Aekca NODF morkeT 6bITb Npon3BeaeH OTAeNb-
HO Kak AnA CTPOK M cTonbuos., Tak U anA BCEN
MmaTpuubl B uenom (Morrison, 2013).

Ona pacyeta WMHAEKCOB MCMO/Ab30BaANOCh
cneumnanmnsnMpoBaHHoOe nporpammHoe obecne-
yeHme «NODF. Version 2.0, ot 03.09.2012» un
Ecosim 7. PacueTbl MHAEKCOB, XapaKTepusyto-
WKMX pacnpeaeneHMe BUAOB MO MecToobu-
TaHWAM, NPOBOAWINCL PA3AENbHO ANA Mano
TpaHCHOPMUPOBAHHbBIX MECToobUTaHUN (cob-
CTBEHHble JaHHble) U ans arponaHawadra. B
nocnegHem cay4yae UCnoab3oBaMCb AAHHbIE O
cocTaBe rHesgAwmxca smaos ntuy B. A. Kopo-
BMHa (2004).

NHAaeKe ona naMocuHKpPasnyeckmux BUAOB U
canToB TaKKe ocHoBbiBaeTcsi HA NODF. Kpome
TOro, MAMOCUHKPA3NYECKME BMAbl NPOABAAIOT
LUMPOKYHO 3KO/IOTMYECKYI BaJIEHTHOCTb U XO-
POLLYH CNOCOBHOCTbL K pacceneHmto no cpaBHe-
HUIO C BUAAMWU, GOPMUPYIOLLMMU BIONKEHHbIE
coobuiectBa (Sebastian-Gonzalez et al., 2010).

lpynnupoBKa rpaHunL, BUAOBbIX AMaNa3oHOB
(Clumping), B cBOtO 04epesb, TECTUPYETCA TOSb-
KO B C/ly4ae NosoXKutenbHoro obopota BUAOB.
MpynnupoBKa rpaHuy, (clumping) moxeT 6biTb
NONOXUTENBHOWN, OTPULLATENBHOW UAWN CyYait-
HOM. B cnydyae NoONOXKUTENBHOW TPYNNUPOBKMK
rpaHuL, pacnpeaeneHve BMAOB COOTBETCTBYET
KnemeHTcoBckomy rpaameHTy (Clementsian
gradient), B cnyyae oTpuuaTeNbHOW Tpynnu-
POBKW TpPaHUL, — PaBHOMEPHOMY rpagueHTy
(Evenly spaced gradient), B cnyyae cny4yaiiHom
rPynnupoBKu TMUCOHOBCKOMY TPaANEHTY
(Gleasonian gradient). B KauecTtBe mepbl, Xa-
paKTepusylowen pacnpeaeneHme rpaHuy, ama-
na3oHoB (ranges), ucnonbsyetca UMHAeKC Mo-
pucuTsl (Leibold, Mikkelson, 2002).

Mpwn aHanuse rpagmeHToB GaAKTOPOB Cpeapl
MCNONb30BANUCL C/eAylolmne nepemeHHble:
nnowaab canTa; NecUcToCTb CamTa; NPOEKTUB-
Hoe MOoKpbITME cocHbI (1 Apyc) B npeaenax cam-
Ta; NPOEKTUBHOE MNOKpbITUE Bepesbl (1 apyc)
B Npegenax canTta; NPOEKTUBHOE MNOKPbITUE
ocuHbl (1 Apyc) B npeaenax caiTa; unmcno ape-
BECHbIX MOpOoA NepBoro Apyca; penbed mect-
HOCTU; CEeNbCKOXO3AMNCTBEHHAA HarpysKa; pe-
KpeaunoHHasa HarpysKka; obBoagHeHHOCTb. Bce
BblAe/IEHHbIE MepeMeHHble PAHXWPOBAIUCH
oT «0» — paKTop oTCyTCTBYET A0 «5» — paKTop
MaKCMManbHO BblparkeH. lNpu onpeaeneHnn
Ba)KHEWMLLMX 3IKONOTMYECKUX TPAANEHTOB MC-
No0/Ib30BaNICA METOZ, MaBHbIX KOMMOHEHT. A
BblAE/IEHNA [NAaBHbIX KOMMNOHEHT UCNO/b30Ba-
nacb nporpamma «Past».

[Ons OUEHKU BAMAHMA PACCTOAHMA MeXAay
CcalTamm Ha BUAOBOW COCTAB NTUL, BbIYNMCAANCA
KO3 OUUMEHT KOppenaumm mexay cxoacTBOM
BMAOBOrO COCTaBa NTUL, (MHAEKC YeKaHOBCKO-
ro — CbepeHceHa) ABYX CAaUTOB U PacCTOSHUEM
MeXAy 3TUMM calTaMu. 3HAYEeHUA WHAEKCOB
CXOACTBA MOMYyYeHbl B pe3ynbTaTe NOMapHOro
CpaBHEHMA BMAOBOrNO COCTaBa AAHHOrO caiTa
CO BCEMM OCTa/IbHbIMW UCC/IeA0BaHHbIMMK Cali-
Tamu. AHanorMyHoim obpa3om NpPoBOAMIOCH
nomnapHoe BbIYMC/IEHME PACCTOAHMA MeXay
AAHHbIM CaUTOM M BCEMW OCTa/IbHbIMW CaUTa-
MU. [InA pacyeTa pacCTOAHUN Mexay cauTamu
ncnonb3oBanucb AHAeKc.KapTbl.

[Ons NnpoBepKU rmnoTtesbl 0 TOM, YTO OTHO-
WEeHMA pa3mepoB Tefa BUAOB, HACENAIOLLUX
AAHHbIMA CanT, 06pasyoT onpeaeneHHbIN no-
CTOAHHbIN MHTEPBAJ, KOTOPbI NO3BONAET CHU-
3UTb MEXBWAOBYK KOHKYPEHLMI, BblY4MCAA-
Nacb pasHULA ANMHbI Tena. Ha nepBoHavanb-
HOM 3Tane NPOBOAMTCA COPTUPOBKA TabauLbl,
cogepKallen csefeHuMa O BUAOBOM COCTaBe
caTa U anuvHe Tena Kaxpgoro Buaa (Gotell,
Ellison, 2002). Buabl paHxupytoTca no pau-
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He Tena — OT HaumeHbluen go Hambonblien B
AAHHOM calTe. 3aTem BbIYUCNAETCA pa3HULA B
ONVHE Tena AByX COCeAHUX No pa3mepy BUAOB.
Pa3Huua B AIHE Tena ABYX BUAOB 414 NPOCTO-
Tbl Ha3bIBAETCS aBTOPAMMN METOAa CErMEHTOM.
PacyeT ANMHbI CErMeHTa NOBTOPAETCA A1A KaXK-
A0M napbl BUAOB. B ganbHenwem BbluMcasNacb
AVCNepcus ANIMHbI CerMeHTa Kak nokasaTesib
NMOCTOSAHCTBA B COOTHOLLEHMAX Pa3mMepoB Tena.
3aTem Habnogaemas aucnepcus OAuHbI cer-
MEeHTa AN1A KaxKAoro MCCNefoBaHHOrO camTa
CpaBHMBANACb C AUCMEPCUEN, PACCYUTAHHOM
ana 1000 creHepMpoBaHHbIX CNYY4aMHbIX CO06-
LLLEeCTB C MOMOLLbIO HyneBon moaenu. Ans pac-
YeToB MCMNO/b30Banacb nporpamma Ecosim 7.
Ona matpuuybl, coctosLLen U3 n snaos, Ecosim
7 ucnonb3yeT HauMeHbline W Haubonbliune
pa3mepbl TeNa B KAYecTBe rpaHuLLbl UHTepBana.
3aTem nporpamma MMUTUPYET pasmelleHue
OCTa/IbHbIX N-2 BUAOB BHYTPWU 3TOrO0 UHTEPBaA-
Nla ANA co34aHuA Cyd4aliHoro pacnpeaeneHuns
(Gotelli, Entsminger, 2001).

MWHUMaNnbHaA pa3HULA B A/IMHE CEFMEHTOB
COOTBETCTBYET rmnoTese XaTYMHCOHA O TOM, YTO
ANA COCYL,EeCTBOBAHUA ABYX BUA0B B O4HOM CO-
obuectBe HeobXx0aMMa XOTA Bbl MMHMMANbHAA
pa3HULLA MeXay 3STUMK BUAAMN. B cnyyae ecnm
BMAbI pa3aefieHbl 338 CYET TAKOr0 KPUTUYECKOTO
MUHUMYMA, TO MMHUMaNbHAA Pa3HMLA MexXay
pasmepamu Tena ABYX BUAOB byaeT 6onblue,
yem npeackasbiBaeT HyneBas moaenb. Ecnm ke
HabnlogaeTca CXoACTBO B pasmepax Tena AByx
BMAOB, BbI3BaHHOE 3KO/IOTMYECKMMW OrpPaHu-
YEeHUAMM, TO MMHMMA/IbHAs PasHULA ABYX BU-
A0B byaeT MeHblle CNy4alHOM, NONYYEHHOM C
NMOMOLLbIO HYNEBbLIX MOAENEN.

MuHumanbHaa pasHMUa B pasmepax npo-
BEpAEeT rmnoTesy O TOM, YTO CYLLEeCTBYET Kpu-
TUYECKOE MWHWMMANIbHOE PpasInymne Mmexay
BMOaMM, HeobxoamMmoe oA CoCyLecTBOBaHMUA
B npegenax ogHoro camra. Aucnepcua MUHU-
Ma/IbHOTO Pa3INYMA Pa3MepPoB MeXKAY BUAaMU
(Ancnepcms ANANHBLI cermeHTa) NO3BOAAET NPo-
BEPUTb TMNOTE3Yy O TOM, YTO pPa3mMepbl BUAOB
PaBHOMEPHO pacnpegeneHbl, AarKe ecnm Het
HMKAKOro MUHUMANbHOTO PasInymsa  mexay
pasmepamu Tena. Ecnm ke gucnepcua 6a13Ka K
HyNto, TO HabnogaeTcAa 0ogMHAKOBOE pasnnyne
MeXKAay pasmepamu BMA0B B coobulecTse. Ecau
e aucnepcua BearKa, To YacTb BUAOB OYEHb
CXOAHa NO pasMepy, a Apyraa YacTb Pe3Ko OT-
InyaeTca oT nepsoi. [nAa coobuiecTs, CTPyK-
TYPUPOBAHHbIX NOA AENCTBUEM MEXKBUAOBOM
KOHKYpPEeHUMN, Habaogaemble 3HAYEHUS AuUC-
nepcum A0MKHbI ObITb MeHbLUE, YeM ANA pac-
CYMTAHHDBIX C NMOMOLLbI HY/NEBOM MOLENU, U

CTAaTUCTMYECKU 3HAYMMO OTAMYATbCA OT CAy-
YalHbIx (Wang et al., 2011).

MepeyeHb BMOOB MPUBOAUTCA B COOTBET-
CTBMM C HoBelwen csogkon (Kobauk u ap.,
2006). CBegeHuA O cpegHMX pasmepax Tena
nTuy, (AavHa Tena) B3aTbl M3 CBOAOK «[TULbI
Cosetckoro Cotosa» (1951-1954) c yyetom
noasupos. basoBble cTaTUCTUYecKMe pacye-
Tbl (KNacTepHbId aHanu3, oAHOBbLIGOPOYHbIN
t-KpuTepuin, Koppenauma) Tam, rae 3To He oro-
BOPEHO OTAEeNbHO, NPOBOANANCL C MOMOLLbIO
SPSS Statistics.

Pe3ynbTatbl

JKonornyeckme coobuiectsa ABNAIOTCA pe-
3y/IbTAaTOM B3aMMOAENCTBUA MEXKAY MECTHbIMU
N pernoHanbHbiMmn npoueccamu (Leibold et al.,
2004). OTHOCMTENbHAA PONb 3TMX MPOLLECCOB
— paccpefoToYeHMe BUAOB M3 PerMoHanbHOro
nysa BUA0B B COOTBETCTBMM C UX IKONIOTUYECKU-
MW HULLIAMW — 3aBUCUT OT MECTHOM 06CTAaHOBKM
M 0COBEHHOCTEN CaMUX BUAOB, COCTABAAOLLUX
MeTacoobLLecTso.

B npeaenax paccmatpuBaemoin Tepputopum
BbIAB/IEHbl ABA Ba)XKHEWUWWUX rpaaneHTa, o0bb-
AcHAOWMX 86.7 % AMcnepcum 3KONOrnm4ecKmx
ycnosuit. MepBbiA 3KONOTMYECKMA TPAANEHT
CBA3aH C N1€CUCTOCTbIO M 06BOAHEHHOCTbIO TEP-
putopun (68.6 % amucnepcumn), BTopon (18.2 %)
— C OTKPbITOCTbIO U pPEeKpeaunoHHON Harpys-
Kol. MNepBan ocb NpeacTaBaseT coboi nepexon,
OT 3a60/104EHHbIX CANTOB K N€CHbIM Yepes OT-
KpbITble U cnabo 3aneceHHble caiTobl (puc. 4).

B nepwnog ¢ 2000 no 2011 r. B npeaenax no-
CTOAHHbIX MAPLIPYTOB U N/OWAA0K aBTOPOM
3apeructpupoBaHo 140 rHe3gAwMXCA U BO3-
MOXHO FHe3aaLWwmnxcs Bua08 NTuu,. B arponaHa-
wadte rHesgutca 30 sngos (KoposuH, 2004).
Obuiee yncno BUAOB, YHaCTBYIOLLNX B aHAIN3E,
142. Haubonbluee 4ncno BMAOB 3apPErNCTPU-
POBaHO B /1eCONYroBbIX canTtax (oT 45 o 96
BM/OB), HECKONIbKO MEHbLLE B /IECHbIX CalTax
(ot 31 po 55) M B TPOCTHMKOBO-OCOKOBbIX 3a-
pocnsax no 6eperam o3ep (ot 36 Ao 49 snaos).
MeHblUe BCero BWAOB HacenseTr O6WMpPHble
Nyra, IMLWEHHbIe KYCTapHUKOBOM N ApeBeCcHOM
pacTUTeNnbHOCTU (16), U PEeKYyNbTUBMPOBAHHbIE
oTBanbl B npom3oHe (17). CoobuiecTtBa arpo-
naHgwadta 6eaHbl Bugamu (KoposuH, 2004).
Mo nonAaM MHOro/IeTHUX TPaB M nacTbuwam
rHesamnTca ot 13 go 26 snaos. Ha nonax sepHo-
BbIX M MPONALUHbIX KYAbTYP, MOJOAbIX 3a/1€XKaX
M MAWHAX YMCNO THE3ZALLMXCA BUAOB OYEHb
mano (ot 2 o 11).

Mpu paccmoTpeHnn 0606LLEHHbBIX AAHHbIX
060 Bcex BUAAX U CalTax, BKAKOYAA arposiaHA-
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WwadT, U OpANHALUN MATPULbI 33 CYET B3aUM-
Horo ycpegHeHus mnHaekc EmbAbs He oTau-
YyaeTca OT OXMOAEMOro ANs HYNeBOW MOAENU
(FF), uto cBMAaeTenbcTByeT 06 OTCYTCTBUM NONO-
UTENbHOM KOrepeHTHOCTU B pacnpeaeneHunu
BMOOB MO canTam. B aTom cnyyae cTpykTypa
MeTacoobLlecTBa COOTBETCTBYET C/Ay4yaliHOMY
TMny. Mpu ucknoyeHuu arponaHawadTta wms
aHanuM3a pacnpegeneHve BUAOB COOTBETCTBY-
eT MMCOHOBCKOMY rpagueHTty (tabn. 2), ans
KOTOPOro XapaKTepHa MnjaBHas CMEHAEMOCTb
BMO0BOrO COCTaBa BAO/b FpaaneHTa npu bec-
nopAa0YHO COBpPaHHbIX FPaHULLAX ANMANa30HOB
(Species ranges). Ons BWMAOB, rHe3aALLMXCA
TONbKO B arponaHgwadre, Hanbonee noaxo-
AAWKMM WabnoHom ByaeT «LlwaxmaTHaa AOCKa»

(Checkerboard), T. K. amnupuyeckuin MHAEKC
EmbAbs cTaTUCTUYECKM 3HAYMMO MpeBbllLaeT
PaCCYMTaHHbIN ANA HyNeBOW mogenu. B sumHee
BpemaA CTPyKTypa meTacoobuiectsa (6e3 arpo-
NaHawadTa) TaKKe COOTBETCTBYET C/Iy4anHOMY
TMny (Random), HO 3TO He O3HayYaeT, YTo Co0b-
wectsa cobpaHbl Hayraa. B nogobHbIx cnyyanx
CNy4aMHasa CTPYKTypa CBUAETENLCTBYET O TOM,
4YTO BWAbI pacrnpenesneHbl NO calTam Hes3asu-
cMMo Apyr oT gpyra. MNpu opanHauuM maTpu-
bl 32 CYET B3aMMHOI0 ycpeaHeHuna pacnpese-
neHne BuaoB oTpsaa Passeriformes cootsert-
CTBYET IMIMCOHOBCKOMY rpaaneHTy (Gleasonian
gradient). PacnpeneneHne BUA0B OCTasbHbIX
OTPALOB COOTBETCTBYET C/Iy4aliHOMY.
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0COKoBble 3apocan no beperam osep; /IT — ayr ¢ TpocTHUKOM; CP 1 MP — noMMeHHble 3apoCav U NOMMEH-
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«Y» — Component 2
Fig. 4. The main environmental gradients in the study area. Abbreviations: TO3 — reed-sedge thickets along

the shores of lakes; 1T — reed meadow; CP and MP —

floodplain thickets and floodplain meadows along

medium and small rivers; JIMK - meadows with willow and small pegs; OBK/1 — aspen-birch groves among the
meadows; OBJ1 — mosaic base-birch woods of interfluves; TepC and Tepb — terraced pine forests and terraced
birch forests in the valleys of middle rivers. Axis "X" — Component 1; Axis "Y" — Component 2

Mpn opAnHaUMM MaTPULbl MPUCYTCTBUA-
OTCYTCTBUA B COOTBETCTBMM C NEpPBOIM KOMMO-
HEHTOM CTPYKTypa MeTacoobLliectBa XOpOLIO
COOTBETCTBYET K/JEeMEHTCOBCKOMY rpaaueH-
Ty (Clementsian gradient). K kpaam nepsoi
KOMMOHEHTbI TArOTEOT OTHOCUTENIbHO W30-
JIMPOBaHHbIE TPYyNnbl BWMAOB, Hacensawline,
C O4HOW CTOPOHbI, 3a60NOYEHHbIE CalTbl, C
Apyroi — 3aneceHHble. Ha ypoBHe oTpsaos

pacnpegeneHne BUAOB COOTBETCTBYET Kie-
MEHTCOBCKOMY rpaaneHTy ana Passeriformes.
InMncoHoBcKui rpagmeHT (Gleasonian gradient)
XapakTepeH ana otpaga Charadriiformes. Ot-
psaabl Falconiformes u Piciformes aemoHcTpu-
PYIOT KBa3W-IMIMCCOHOBCKOE pacnpeaeneHune
(Quasi-Gleasonian gradient), a Anseriformes,
Galliformes wn Strigiformes — cnyyaiiHoe. BTo-
pas ocb meHee MHbopmaTUBHaA. Mpn opanHa-
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UMM MATpULbl B COOTBETCTBMU CO BTOPOM KOM-
NMOHEHTOM CTPYKTypa MmeTacoobuiecTBa TaKkKe
COOTBETCTBYET K/IEMEHTCOBCKOMY TPagMeEHTY
(Clementsian gradient).

KnemeHTCOBCKaA CTPyKTypa meTacoobuie-
CTBa NOAYEPKMBAET AUCKPETHOCTb coobLLecTs
BAO/MIb 3KOJIOFMYECKOro rpaAneHTa M BbITeC-
HEeHue rpynnon BMAOB Apyrue rpynnbl B Npo-
CTpaHcTBe. KpomMe TOro, MOXKHO Npeanoiarato,
4yTO BUAbI, BXOAALWME B AUCKPETHble coobuie-
CTBA, aHaNOrM4YyHbiM 06pa3oM pearMpyroT Ha
BapuaLMM 3KOJIOTMYECKUX MEPEMEHHbIX WK
NPOABAAKT CXOAHble UCTOpUYEcKMe 3PpPeKTbl
(Heino et al., 2016). Ana n3yyaemoro meTaco-
obuwectBa C Mcnonb3oBaHMEM 6HalecoBCKOro
noaxoaa 6110 BbIABAEHO TPU MNONIOKUTENbHbBIX
CTaTUCTUYECKM 3HAUYMMbIX accouMaunm BUAOB
(Monos, 2016): 1) BuAbl, cBA3AHHbIE NpPeENUMy-
LLEeCTBEHHO C 3ab0/I04E€HHbIMW  y4aCTKaMM
(23.9 % oT 0bLLero ymMcna rHesgALNXCA BUAOB);
2) BMAbI, CBSAI3aHHbIE C APEBECHOM WU KyCTap-
HMKOBOW pacTuTenbHocTbio (39.4 %); 3) BuAbI,
CBSI3aHHbIE C /IYrOBOM pacTuTenbHOCTb (4.9 %).
Kpome Toro, 26.2 % BnpaoB pacnpeaeneHol no
CcaliTam He3aBMCUMMO OT APYrMx BUAOB NTUL,.
Ewe 5.6 % 06pasyoT CTaTUCTUYECKN 3HAUMMDblE
accouMaumm ToIbKO C OA4HUM BUAOM.

CTpyKTypa meTacoobuiecTsa 3aBUCUT OT A0-
MUHUPYIOLWEro MexaHu3ma, dopmupyrowero
pacnpegeneHne BUAOB BAO/Ib 9KONOIMYECKOro
rpaguMeHTa, TakMm obpasom, cneunduyHoCcTb
cpeabl 06UTaHMUA U OTKAUMKKU Ha abuoTryeckme
KOMMOHEeHTbl o4eHb BaxkHbl (Willig, Presley,
2015) pns onpepeneHua BUAOBLIX AManaso-
HoB (range). B aTom cnydyae cTpyKTypa meTa-
coobuecTtBa MOXKeT bbITb CBA3aHA C LUMPUHOM
3KO/IOrMYECKOM HULWIN MECTHbIX BUAOB, C NOSIO-
EHMEM BMA0BbIX AMANa30HOB OTHOCUTENIbHO
Ba)KHEMLLEero 3KON0OrMYeCcKoro rpagueHTa u c
COBOKYMHOWM LWMPUHON HULIM BCErO TAKCOHa.
PaHee OTMe4Yanocb, YTO HaAU4yMe B COCTaBe
meTacoobulectsa 60/1bWIOro 4Yncna BMAOB C
HEe3HAYUTENIbHOM LWUPUHON HULLKU, OTHOCK-
TE€NIbHO 3KO/OrMYECKOro rpagueHTa, 3a c4yeT
WHAVBUAYAbHbIX OTBETOB BUAOB MOMKET NpU-
BOAUTb K (GOPMMPOBAHUIO MONOKUTENBHOMO
0b0poTa BUAOB M CTPYKTYP, COOTBETCTBYHOLLMX
IMUCOHOBCKOMY rpaaneHTy. Toraa Kak 60b-
LLIOE YMCNO BMAOB C 60/bLION WMPUHON HULLIN
cnocobcTByeT He3HauuTenbHomy o6opoTy M
GOPMUPOBAHMIO KBA3U-TIMCOHOBCKUX CTPYK-
Typ (Presley et al., 2010). MpuMeHUTENBHO K
M3yyaemomy MeTacoobLEecTBy CBA3b MeXay
WMPUHON HULIM U MONOKEHUEM OTHOCUTENb-
HO rpagMeHTa HEeCKONbKO cno¥Hee. TaK, Ha-
npumep, otpag Passeriformes gemoHcTpupyet
XOPOLLO BbIPa*KeHHbIN KNEeMEHCOBCKUIM rpaam-

eHT. lnAa BMAOB 3TOr0 OTPALA WMPUHA HULIK
coctasnset ot 0.05 go 0.76 (gonaA 3acenaembix
CalToB OT 0OLEr0 YMCNA UCCNefOBaHHbIX Can-
TOoB). MeAuaHa WUPUHbI HULWK BUAOB OTPSAAA
Passeriformes BaBoe 6onblue, yem meauaHa
Ans Bcex BMAOB MeTacoobuiectBa. CoBOKyn-
Haa WupuHa HUwK Passeriformes oxBaTbiBa-
€T Becb rpagueHT (nepBas KOMMOHEHTa) — oT
3a00/104EHHbIX CAaWTOB A0 COMKHYTbIX N€COB.
Otpaapl Falconiformes un Piciformes aemoH-
CTPUPYHOT KBA3U-IMIMCOHOBCKUI rpaaneHT. Me-
ANAHa WWPUHbI HAWKW ANA 3TUX OTPAA0B pas-
nnyaetca (Kputepui Kpackana-Yonuca npu
p = 0.05): Piciformes, Kak npaBuno, 3acenatT
oT 35 o 52 % cantos (Kpome Dendrocopos
minor), Toraa Kak Falconiformes 3acenstoTt ot 6
Ao 35 % caiitoB. /luwb Buteo buteo saBnaetca
3BPUTOMHbLIM BMAOM, 3acenstowmm 47 % can-
ToB. [na Falconiformes coBokynHaa wupuHa
HULWKM OXBaTbIBAET BECb rPafAMeHT, Toraa Kak
Piciformes 3acensoT ToNbKO caliTbl, UMEIOLLME
APEBECHYIO PAaCTUTENbHOCTb.

Cny4yamHbIA TUN CTPYKTYpPbl MeTacoobuie-
cTBa oTpsagos Galliformes m Strigiformes, Bo3-
MOXHO, CBAA3aH C Y3KOW LUMPUHOWN HULIM BUAOB
n HeboNbWMM NepeKpbITUEM BUAOBbIX AMana-
30HOB. OnAa oTpsga Anseriformes, Takxke ge-
MOHCTPUPYHOLLLEFO CNYYANHYIO CTPYKTYPY, OXKU-
AaNocb, YTO pacnpeaeneHne BnaoB byaet co-
OTBETCTBOBATb B/IOXKEHHbIM MOAMHOMECTBAM,
HO M3-3a OONbLIOrO KO/JIMYECTBA BCTPOEHHbIX
OTCYTCTBWIA 3TOro He HabatogaeTca.

CmeHAemMOCTb BMAOOBOro COCTaBa rHe3as-
WMXCA M BO3MOMKHO THe3gAwWMmMxca NTuu, Bbl-
ABNEHHAs 33 CYEeT B3aMMHOro ycpegHeHus, B
LEeNIOM COOTBETCTBYET OCHOBHOMY 3KONOrMYe-
CKOMY TpagMeHTy B paloHe ucCaeaoBaHWNA.
Koppenauyma mexay nepsBot KOMMNOHEHTOM WM
OCbl0, NONYYEHHOM 33 CYET B3aMMHOIO ycpea-
HeHus, cocTasnaeT 0.912 (CnupmeH) n 0.780
(Kengann) npu p < 0.001. Koppenauus mexay
BTOPOM KOMMOHEHTOM U OCblo, NONYYEHHOM 3a
CYeT B3aMMHOIO YCpPeAHEeHMUsA, CTaTUCTUYECKMU
He 3Haumma. leorpadmyeckas WMPOTa TaKXKe
He OKa3blBaeT BIMAHWE HA CMEHAEMOCTb BUAO-
BOro COCTaBa NTWUL, B Npeaenax mertacooblue-
cTBa.

MonoxutenbHaa CBA3b C NECUCTOCTbKO OT-
meyveHa anAa 28 suaos. Ana 25 Bnaos cBA3b C
NIeCUCTOCTbIO oTpuuaTenbHad. 62.2 % BMaoB B
CBOEM pacnpeaeneHnm no camtam CTaTucTmye-
CKW He CBA3aHbl C N€CUCTOCTbIO. DT BUAbI He
npeanoynTaloT U He nsberatoT necuctocTsb. Mo-
JIOXKUTENbHAA CBA3b C IECUCTOCTbIO XapaKTep-
Ha ans Turdus iliacus, Streptopelia orienthalis,
Parus major, Parus montanus, Dendrocopos
major, Corvus corax, Tetrao urogallus, Cuculus
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saturatus, Strix uralensis, Oriolus oriolus v He-
KOTOpbIX apyrux sngos. Ona 31 Buga xapak-
TEePHA NONOXKUTEeNbHaA CBA3b C YNC/IOM BUAOB
[epeBbEB B MEPBOM fApyce.

O6BOAHEHHOCTb — BTOpPOE MJieYo NepBoW
KOMMOHEeHTbl — npeanoymnTaet 21 sua n nsbe-
ratoT 14 snagos. PekpeauMOHHaA HarpysKa cKa-
3blBaeTcA Ha pacnpegeneHnn 16.4 % BnAoOSs,
BXOAALWMX B MeTacoobuwecTtso. 30 BMAOB NTUL,
rHe34ALWMXCA B HAMMeEHee U3MEHEHHbIX CanTax
(6e3 yueta arponaHgwadra), 4EMOHCTPUPYIOT
NONOXUTENBbHYIO CBA3b C HEOONbLIOM CenbCKo-
X03AMCTBEHHOM Harpy3KoM B npeaenax camTa.

Kpome peakuum Ha rpaaueHTbl cpeabl CO0b-
LLecTBa MOryT BbITb CTPYKTYPMPOBAHbI 3a CYeT
BnoxkeHHocTH (Nestedness), cBsizaHHOW C ce-
NNEKTUBHOM KONOHM3aLMEN NN BbIMUPAHUEM,
a TaK)Ke C B/IOXKEHHOCTbIO CaMux canToB. Mpwm
aHanmnse obopoTta BMAOB (Species turnover) Kak
BAO/1Ib MEPBOI KOMMOHEHTbLI, TaK U NpU opau-
HaLUMKM MaTpULbl 33 CYeT B3aMMHOro ycpeaHe-
HUA BNOXEHHble CTPYKTYpbl, ONMUCaHHble AnA
MHOTIMX NPUPoAHbIX coobulects, He bblaK OT-
MeyeHbl. CneymanbHbid aHanu3 (Nestedness
analysis), npu KoTopom npoBOAWUTCA COPTU-
pPOBKA MaTpuLbl ANA HAWy4ylwero BblAB/e-
HUA BJIOXKEHHbIX CTPYKTYpP, TaKXKe He BbIABUN
CTAaTUCTUYECKOMN 3HaumMmocTn mHaekca NODF.
Bno)keHHOCTb He bblna BbifiBNEHA M Ha YPOBHE
OTPALOB M ceMelcTB. BO3MOXKHO, oTcyTCTBME
BNOXEHHbIX CTPYKTYp CBA3aHO C OTCYTCTBMEM
KOPOTKMX M CUNbHbIX TPAAMEHTOB, BbICOKOWM
MO33aM4YHOCTbIO, @ TaKXe C OTCYTCTBMEM YETKO
BbIPA*KEHHbIX rPaHUL, MeXay CanTamu.

MOMMMO 3KONOTMYECKUX TPAANEHTOB Ha
pacnpeaeneHne BUAOB NTUL, MOTYT OKa3blBaTb
BAUAHME W NPOCTPAHCTBEHHbIE MNPOLECCHI
paccToaHMe mexay canTamu. B npepenax uc-
cneagyemoro metacoobuiectsa M Npu AaHHOM
MmacwTabe MccnefoBaHUM KOpPPenauma MexX-
Ay 611M30CTblO0 CalTOB M CXOACTBOM BMAOBOrO
COCTaBa NTUL, CTaTUCTUYECKM He 3Hauuma. B
YC/IOBMAX BbICOKO MO3aM4HbIX NaHAwadToB
cocegHue canTbl MOTyT 6bITb MPUHLUNNANBHO
Pa3IMYHbIMK, YTO YBEAMYMBAET HECXOACTBO
HaceneHusa ntuu. MoXKHO npegnonaratb, YTO
PO/SIb  HE3KOJIOTMYECKUX MPOCTPAHCTBEHHbIX
npoueccoB byaet 3HauynTenbHa B 04HOO06pas-
HOM MECTHOCTW, Hanpumep, B yCa0BMAX 06-
WMPHOrO CNOLWHOIO0 JIECHOrO MaccuBa WM
cTenu. B npeaenax e nccnegyemoro permMoHa,
HaxXO4ALLEeroca Ha rpaHuLEe TanrM u necoctenm,
MO3aM4YHOCTb NaHAWAPTOB OYEeHb BEAUKA, U
BeAyliee 3HavyeHWe MMET MPOLLeCChbl COpPTU-
POBKW BUAOB Ha OCHOBE 3KO/I0MMYECKOM HULLIN
N N3bMpPaTeNbHOCTN BUAOB OTHOCUTENIbHO daK-
TOpPOB cpeapbl.

PacnpegeneHne nNTvy, NO CalTam MOXKeET
6bITb CBA3AHO N C MEXBUAOBbIMU OTHOLLEHUSA-
MU. [Ina TeCTUPOBAHUA TMNOTE3bI O PON MEXK-
BMA0BOM KOHKYPEHLMM NCNOb30BANOCh TaKKe
N «TaKCOHOMMYECKOoe npocenmBaHue». B atom
Cnyyae pacyeT MHAEKCOB NPOBOAUNCA TOJIbKO
B npegenax Kakoro-nMbo oTpsga B AaHHOM
cainTe, a He Bcex BMAoB Bmecte. Kpome Toro,
NpPOBOAUACA pacyeT AMCNepcuM pPasInymin B
pa3mepax Tena 41a BCero permMoHasibHoro nyna
BMAOOB U pa3aenbHO ANs OTPALOB.

MonyyeHHble AaHHble CBUAETENLCTBYIOT O
TOM, 4YTO ANA 6ONbLIMHCTBA CAalUTOB AMCNepcua
Pa3IMYMn pa3mepoB Tesla NTUL, He OT/INYaeTcA
OT C/ly4alHOM, PACcCYNTAHHOM C NOMOLLbIO HY-
nesbix mogenew (tabn. 3). Ans Bcex U3y4YeHHbIX
CalToB He MoATBEPKAAETCA TMNoTesa O TOM,
YyTO coobLlecTBa MOryT ObITb CTPYKTYpUpPOBa-
Hbl 3@ CYET MENKBMAO0BOM KOHKYPEHLMWN, NpU-
BogAwen K GopmMMpPOBaHUID oOnpeaeneHHbIX
MHTEPBANOB MeXay pa3smepamu Tena. Hanu-
4yne onpeneneHHbIX U NOCTOAHHbIX WUHTEpBa-
IOB MeXAy pasmepamu Tena bblin BbIABAEHDI
TO/IbKO B HECKO/IbKMX CalTax y BUAOB OTPAL0B
Anseriformes, Galliformes, Charadriiformes u
Passeriformes. CTaTUCTUYECKN 3HAYMMbIE Pas-
Muma Habnwgaemon n oxugaemon aucnep-
CUW ANA 3TUX OTPAA0B OblIN BbIABAEHbI TO/IbKO
B npegenax 1-2 cantos. lNpu uccnegoBaHmm
pa3mMepoB Tenay BUA0B, BXOAALLMX B CTaTUCTU-
YeCKM 3HauyMmble MNONOXKUTENbHblEe accouma-
LMW, pasnmuma Habnwaaemon 1 oXuaaemomn
ANCNEPCUM OKA3ANUCh TaKKe He 3HAYNMMbIMMU.

Ona 6 ns 29 caitoB Habnogaemas gucnep-
cus 6blna BbiWe CAyYalHOM, PacCYUTAHHOM C
NMOMOLLbIO HY/IEBOM Mogenn. Ana nonoxuTenb-
HbIX accouMaLnii BUAOB, CBA3AHHbIX C 1YFOBOM
N OPEeBECHOM PAaCcTUTENbHOCTbIO, TaKXKe BbIfAB-
JIeHO npeBblweHne Habaogaemon gucnepcum
Haf, cnydanHoin (cm. Tabn. 3). B accoumaumm
BMAOB, CBA3aHHbIX C 3a60/104€HHbIMW CTaUMA-
MU, AMCMNEPCUA Pas3INYMin pa3mepoB Tena Bu-
[0B He OT/INYaeTcA OT CAy4YanMHoW. Arpermpo-
BAaHHOCTb B pa3mepax Tena BbifAB/lEHa B OTpA-
nax Charadriiformes u Passeriformes. MoHo
npeanonaratb, YTo cpeaa AencTByeT KaK KO-
Nornyeckun GuNbTp, NPEenAaATCTBYHOLWMNKA BCe-
JIEHUIO BMAOB C MHbIMW pasmepamu Tena. Ha
YPOBHE pPEernoHanbHOro nyna BMAOB AuUcnep-
CMA Pa3NYnNA pa3MepoB Tesla He OT/INYaEeTCA OT
cnyyamHon. Nlinwb ana otpsagos Passeriformes
n Falconiformes BbisiBNeHa arperMpoBaHHOCTb
pa3meposB Tena.

B Lenom nosyyeHHble pe3ynbTaTbl He NO3BO-
NAOT TOBOPUTb O TOM, YTO HaceneHue rHesan-
LLMXCS U BO3SMOXKHO FHe3aaLWmMXca BUA0B NTuUL,
dopmumpyeTca nop, BAMAHUEM MENKBUAOBOM
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KOHKYPEHUMU, ONA CHUMKEHUA KOTOPOM 3IKO-
NIOTUYECKM N TeHeTUYECKM POACTBEHHbIE BUAbI
NMeIOT Kakne-nMbo MUHMMAbHbIE PA3INYKA B
pa3mepax Tena.

MeTtaaHanus pasmepos Tena NTuy, ANA Mo-
AENN NepekpbITuA pasmeposB Tena (no aHa-
norum ¢ [23]) Ha rpaHuue Talrn u necocrenu
3aypanba. «Lower tail» n «Upper tail» — Ko-
JIMYECTBO CAMTOB, ANA KOTOPbIX Habatogaemasn
AMcnepcus pasHUUbl MexXay ALAMHOW Tena
6blna MeHbLLe nnaun 6onblle Cy4anHOMN, BblYMC-
JIEHHOM C MOMOLLBIO HyNeBon moaenu. Ymucno
B CKOOKax — 3TO YMCNO CANTOB, ANIA KOTOPbIX
pa3nnumna B AMUCNEPCUM CTaTUCTUYECKM 3HAYM-
Mbl (p < 0.05). CTaHAaPTU3UPOBAHHbLIN 3dDEKT
pasmepa (SES) = (I, - I_.)/S. , rae |  — 3To
CpesHWI NoKasaTe b ANs HySIeBOW Moaenu, S
— CTaHAaPTHOE OTK/IOHEHMe, l,. = Ha6mo,u,§e-
MbI/ MOKa3aTe/b ANA HaceneHua NTuy, B pamo-
He nccnenoBaHu. [1na coobLecTs, CTPYKTYpU-
POBAHHbIX 33 CYET MEKBUA0BOM KOHKYPEHLLUN,
PacCYUTAHHblE MHAEKCbI AONXKHbI OblTb HUMKE,
yem AN1A HYNEeBOM MOAENMU, a NATTEPH MeTaa-
Hann3a Jo/mKeH O6biTb Bbiwe Hyns. OfHOBbI-
60pOYHbIN t-KpUTEPMA BbIN MCNONBb30BAH ANA
NpoBepKu rmnotesbl 0 Tom, Yto SES Ana mHo-
¥KecTBa COObLLEeCTB HE OT/INYAETCA OT HYNA

MupHbIM WpPKPTOM BblAENEHDBI TPYMNMbI BU-
[0B, ONA KOTOPbIX BblAB/MEHblI CTAaTUCTUYECKMU
3HauUMMble pas3AnunAa mexay Habaogaemoi
aucnepcmen pasinynim pasmepos Tena u cny-
YyamHoMn. PacyeTbl NPOBOAMNUCH TONbKO ANA
CalnToB, codeprKawmx He meHee 3 BMAOB. P —
Ha YPOBHE OTAE/NbHbIX CaUTOB — YPOBEHb 3Ha-
YMMOCTM MPU pacyeTax t-KpUTepua; Ha ypoBHe
pernoHasibHOro nyna BUAOB — YPOBEHb 3HAYU-
MOCTU NPU CPAaBHEHUUN HAbNOAAEMOTO UHAEK-
Ca M cpenHero UHAeKca, NpeAcka3aHHOro ¢ no-
MOLLbIO Hyneson mogenu FF

3aknouyeHue

CTpyKTypa meTacoobuiectsa NTUL, Ha rpa-
HULE Talrm u necoctenu 3aypanba, copep-
)alllero AoCTaToyHO 60NblIOEe 4YMC/I0 BUAOB
C Y3KOW 3KONOrMYECKOWM HULen, AocToBep-
HO COOTBETCTBYET IMIMCOHOBCKOMY FpagueHTy
(nns HaumeHee M3MeHeHHbIX canTos). [Mpwu
opAvHauMKM MeTacoobuiectBa B COOTBETCTBUM
C BaXXHEWMWMM 3SKONOFMYECKMM TPALUEHTOM
CTPYKTypa meTacoobuiectsa NTUL, COOTBETCTBY-
eT KNeMeHTCOBCKOMYy rpagueHTy. [pouecchl,

npusogAawme K GOPMUPOBAHUIO BAOMKEHHbIX
NOAMHOMECTB, He XapaKTepHbl. B npeaenax
nepexogHOM 30Hbl MeXAy Talurom u necocre-
Nbto, B CBA3N C HEOONBLION NPOTAXKEHHOCTbIO
palioHa uccnenoBaHUM, POb 3KONOMMYECKOTo
CTPYKTYpMpOBaHMA meTacoobliectBa 3a cyeT
JIOKaNIbHOTO M3MEHEHMA NEepPeMEHHbIX cpeabl,
MO CPaBHEHMUIO C BANAHMEM NPOCTPAHCTBEHHOM
cocTasnsowen, npeobnaaaet. CyLecTByOLWNMA
rPaAneHT ceBep-tor CTaTUCTUYECKM He CBA3AH C
M3MeHeHWeM BWAOBOro coctaBa caiTtoB. [pwu
OpPAMHALNK MATPULLbI MPUCYTCTBUA-OTCYTCTBUA
B HAMpPaBNEHWUW CEBEP-HOr, YTO COOTBETCTBYET
CMeHe NPUPOAHbIX 30H, KOFrePEHTHOCTb OTCYT-
CTBYET, a CTPYKTypa MeTacoobLuecTBa COOTBET-
CTBYET C/ly4alHOMY TUNY. YBENMYEHME CXOACTBA
MeXAy BMAOBbIM COCTaBOM CaMTOB NPU YMEHb-
LWEHNN PAaCCTOAHUA MEXAY STUMM CaltTaMM CTa-
TUCTMYECKM He BbisiBneHo. CKopee Bcero, npo-
CTPAHCTBEHHAA CTPYyKTypa MeTacoobluecTsa
dopmumpyeTca BECHOW B pes3y/bTaTe exKerog-
HOM CeNneKTMBHOM KONIOHM3aLLMK 33 CHET IKONO-
rmyeckon puabTpaLumM U COPTUPOBKU BMAOB, a
npoueccbl pacceneHus, maccosble 3pdeKTbl U
KOHKYpPEHLMA, BUAMMO, HE CYLLECTBEHHbI NpPU
eeroagHom GopMmMpoBaHNN MeTAcoobLLECTBaA.
B cBA3KM C BbICOKOM MO3aNYHOCTbIO SIecocTenm
B NpeAenax o4HOro canmta MMeeTca MHOMKECTBO
NNOKa/IbHbIX YY4aCTKOB, NOAXOAALMX ANA THe3-
[l0BaHMA pa3HbIX BUAOB. B KauecTBe npeanono-
YKEHUA MOXKHO BbICKa3aTb rMNoTesy 0 TOM, YTO
nepsble cTagmMm GopmMmMpoBaHUA coobliecTBa
rHe3AALWMXCA NTUL, B AaHHbIN rog, Npoucxoanat
B NOC/nerHe3goBoe Bpems npeablayLiero roaa,
KOoraa y monoapix ocobei, a y HEKOTOPbIX BU-
0B W Y B3POC/bIX, MPOUCXOAMUT 3arneyatieHne
(MMNPUHTUHT) palioHa 6yaywero rHesaoBsa-
HUA. Ho AnA NpoBepKM 3TOM rMNOTE3bl HYXKHbI
TUWaTe/IbHble UCCef0BaHUA NOCAErHe3f0BoM
YKM3HU BCEX MECTHbIX BUAOB U CPaBHEHME MO-
CNerHes3foBoro pacnpegeneHns AaHHoro roaa
C pacnpegeneHuem rHesgawmxca ocobel Ha
cnegytowmii rog. Hannume 6onbworo yucna
BM/OB, pacnpeaeneHune KoTopbix ABASETCA He-
33aBMCMMbIM UIX Cy4aliHbIM, MOXKeT ObITb CBA-
3aHO C HEBbICOKOW YMCNEHHOCTbIO 3TUX BUAOB,
HaXoA4ALWMXCA BECHOM B yCnoBMAX cBOHOAHOrO
BbIOOpa MecT rHe3goBaHus. B npoTMBONONOXK-
HOCTb 3TOMY BMAbl C BbICOKON YUC/NEHHOCTbIO
3aCenAT BCE NPUrOAHbIE YYACTKM.
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Tabnnua 2. Pe3ynbTaTbl UCCEA0BaHNIN 3/IEMEHTOB CTPYKTYPbI MeTacoobLecTsa NTUL, HA FpaHuLLEe Tan-
rM u necocrenu 3aypasnbsa. PZ(HO) — BepOATHOCTb NPUHATUA HYEBOM rMNoTe3bl. YPOBEHb 3HAYMMOCTHU

p< 0.05. MpHbIM WPMUOTOM BblAENEHbI CTATUCTUYECKM 3HAUYMMbIE MHAEKCbI

MpynnupoBKa
rpaHu, Upeanusu-
Species KorepeHTHOCTb (Coherence) 060_po1' BUACE OBaHHbI
(Species turnover) (Boundary P
, obpasey, (wa-
clumping) 6210H) meTa
Emb Pz C- PZ Mori  PZ
SD SD coobuiecrsa
Abs  (HO) Score  (HO) sita  (HO)
OpouHayus 3a cyem 83aUMHO20 ycpeOHeHUs
Bce o
rHesasLmecn CnyqanHoe
o 0.869 0.07 1.365 0.28 0.031 0.00 0.03 0.00 244 0.11 pacnpegene-
BMAbl palioHa e
nccnenoBaHuUmn
Bce rHe3ga-
wmeca snabl 6es FoazmeHT D
onybnukoesaH- 0.409 0.00 0.841 0.05 0.064 0.00 0.06 0.00 1.56 0.34 P ACOHa
HbIX Z@HHbIX MO
arponaHawadry
Buabl,
rHesasLmecn
TONbKO B 0.472 0.02 0345 005 0016 056 002 000 234 002 - axmaras
arponaHawadTe OOCKa
(naHHbIE B. A.
KopoBuHa)
3uma (6e3
arponaHawadTa, CnyvaiHoe
mosnbKo 0.298 0.29 0.543 0.23 0.021 0.004 0.02 0.00 196 0.17 pacnpegene-
cobcmeeHHble Hue
OaHHbIE)
OpduHayusa e coomeemcmeuu ¢ nepsoli KomnoHeHmMoli
Bce
rHespAtnecH lpaaveHT Kne-
Buabl (mosneko 0.532 0.00 0.916 0.03 0.064 0.00 0.06 0.00 1.89 0.00 P pn;\eHTca
cobcmeeHHble
OaHHbIEe)
Anseriformes o
(MonbKO CnyyanHoe
0.625 0.14 0.724 0.07 0.006 097 0.01 0.00 5.73 0.00 pacnpeaene-
cobcmeeHHble
Hue
OaHHbIEe)
Falconiformes
KBasu-
(mosnbKo
0.429 0.00 1.083 0.14 0.027 0.83 0.03 0.001 1.34 0.89 KnemeHTCOB-
cobcmeeHHble KU FDAANEHT
OaHHbIEe) PaA
Galliformes o
(MonbKO CnyyanHoe
1.105 0.22 1335 0.19 0.050 0.34 0.05 0.002 0.75 0.39 pacnpegene-
cobcmeeHHble
Hue
OaHHbIe)
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Tabnnua 2. MpoaonKeHue

MpynnupoBKa
rpaHu, Upeanusmu-
Species KorepeHTHOCTb (Coherence) O6o.por BUACE ..
(Species turnover) (Boundary ~ POBaHHbM
clumping) 066 pase, (wa-
Emb  PZ c. Pz Mori pz  071OH) mera-
M SD SD coobuyecrBa
Abs  (HO Score  (H0) sita  (HO)
Charadriiformes
(monexo 0.798 0.00 1.117 0.11 0.036 0.00 0.03 000 268 051 ' P3IAeHT
cobcmeeHHsble [nucoHa
O0aHHble)
Strigiformes o
(MonbKO CnyyanHoe
1.000 0.22 1.298 0.24 0.051 0.81 0.05 0.004 0.61 0.83 pacnpegene-
cobcmeeHHble e
OaHHbIEe)
Falconiformes
+ Strigiformes KBasu-
(mosnbKo 0.600 0.00 1.143 0.12 0.029 0.97 0.03 0.001 1.51 0.50 rAUCOHOBCKMIA
cobcmeeHHsble rpagueHT
OaHHbIe)
Piciformes
KBasu-
(monbKo .
0.324 0.01 0.400 0.03 0.021 0.72 0.02 0.001 1.89 0.23 rAKUCOHOBCKUM
cobcmeeHHble
OaHHbIe) rPaAnEHT
Passeriformes
(monero 0.484 0.00 0721 0.03 0.060 0.00 0.05 000 246 000  PIAEHT
cobcmeeHHsble KnemeHTca
OaHHbIe)
OpduHayusa e coomeemcmeuu co 8mopoli KomnoHeHMoli
Bce
rHesgAwmecs FoanueHT
Buabl (mosnbko 1.016 0.00 1.165 0.04 0.064 0.00 0.06 0.00 2.08 0.02 PaA
KnemeHTtca
cobcmeeHHble
OaHHbIe)
OpduHayus cesep-t02
Bce
rHesgsawmecs CnyvaiHoe
BuAbl (monbko  1.081 0.99 1.080 0.03 0.064 0.00 0.06 0.00 1.83 0.01 pacnpeaene-
cobcmeeHHble Hue

O0aHHble)
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Tabnvua 3. MeTaaHanus pasmepos Tena NTUL, ANA MOAENN NEePEeKPbLITUA pa3mepoB Tena (no aHanorum

c [23]) Ha rpaHuue Taiirn u necocrenu 3aypanba. «Lower tail» n «Upper tail» — KonmyecTso caiTos, ana
KOTOPbIX Habtogaeman AUCnepcus pasHULbl MeXAy ANMHOM Tena 6blia meHblue nam bonblue cayyai-
HOM, BbIYMC/IEHHOW C MOMOLLbIO HY/IeBOM Mogenn. Y1ca0 B CKOBKax — 3TO UMC/I0 CaMTOB, AN1A KOTOPbIX
pPasnnuma B AUCNEPCUmM CTaTUCTUYECKM 3HaUYMMbI (p < 0.05). CTaHAapTU3npoBaHHbIM 3ddeKT pasmepa
(SES)=(l . -1 )/S, ,roel  —3TocpeaHwii NokasaTenb AnA HyneBov Modenu, S, — CTaHAapTHoe OT-
KnoHeHwue, | — HabNIO4AEMbIN MOKa3aTeNb ANA HACENEHUA NTULL B palioHe nccnefoBaHui. ns coob-

LLLeCTB, CTPYKTYPUPOBAHHbIX 33 CHET MEKBUA0BOM KOHKYPEHLUMUM, PacCYUTaHHbIe MHAEKCHI AOMKHbI ObITb

HUXKE, YeM O1A HYNEeBOW MOAENM, @ MAaTTEPH MeTaaHa/1M3a AOo/KeH bbiTb Bbilwe HynA. OgHOBbIOOPOYHbIN
t-KpUTEPUA BbIN MCNOIb30BaH A4/18 MPOBEPKM TMNoTe3bl 0 TOM, YTo SES AN mHOXKecTBa coobuecTs He

OT/INYAETCSA OT HyNA

*KrpHbIM WprdTOM BbiAENEHbI TPYNMbl BUAOB, A1 KOTOPbIX BbIAAB/EHbI CTAaTUCTUYECKM 3HAYMMble pas-
nmuna mexay Habnogaemon aucnepcuen pasanymii pasmepos Tena u cayvyaHon. PacyeTbl nposoau-
JIUCb TO/IbKO A/1A CAWTOB, COAEP KALLMX He MeHee 3 BUAOB. P — Ha YPOBHE OTAE/IbHbIX CaliTOB — YPOBEHb
3HAYMMOCTM NpU pacyeTax t-KpuTepua; Ha YPOBHE PerMoHabHOro Nyia BUA0B — YPOBEHb 3HAYMMOCTH
npw cpaBHeHUM HabntogaeMoro MHAEKca 1 CpeHero MHAEKca, NPeACcKa3aHHOro C MOMOLLLbIO HY1eBOM

moaenu FF
Bcero C CpenHee Avncnepcua
< pegHee cpeaHero
CaNToB, 3HayeHue
3HaueHue 3HayeHuA
ucnonb- Lower Upper MHAEKca
lpynnbl BUg0B . . Habnio- MHAOEKca t P
30BaHHbIX tail tail ana
baemoro OnAa Hyne-
onsa Hy/eBbIX
UHAEKca - BbIX mopge-
aHanusa mopgenen -
nei
OmadenbHbie calimol
Bce rHe3gdawmecs
N BO3MOXKHO 29 13(0) 16(6) 0.0028 0.00303 0.0000218 2.647 0.013
rHesgdALmecs suabl
[MonoxutenbHas
accouuaums
BMAOB, CBA3aHHaA 16 10(0) 6(0) 0.00664 0.00915 0.000124 -0.853 0.407
€ 3a60/104€HHbIMU
cTaunamm
MonoxntenbHas
accoumauma BNA0B, 9 2(0) 7(6) 0.031859 0.010807 0.000138 3.470 0.008
CBA3aHHasA C 1YyroBbIMM
cTaumamm
MonoxxntenbHas

accoumauns BMAOB,
CBA3AHHbIX C APEBECHOM
PacTUTENIbHOCTbIO

14 3(0) 11(2) 0.00337 0.003036 0.00004 2.615 0.021

Podicipediformes 2(0) 2(0) 0.01218 0.00763  0.00005 (0623 0.577

Galliformes 3(2) o(o) 0.00033 0.0082  0.000057 -77.457 <0.001

4
Anseriformes 6 2(1) 4(0) 0.00357 0.00387 0.000007 -1.610 0.168

3

7

Falconiformes 2(0) 5(0) 0.00345 0.00343 0.000016 1.759 0.129

Charadriiformes 11 2(1) 9(1) 0.00406 0.00511 0.000042 1.392 0.194
Strigiformes 1 1(0) o0(0) 0.0124 0.00514 0.00002 - -

Piciformes 3 3(0) 0(0) 0.00921 0.01333 0.000123 -1.372 0.304
Passeriformes 24 10(2) 14 (10) 0.014202 0.006126 0.000087 2.964 0.007
Sylviidaea 14 6(0) 8(1) 0.000729 0.000396 0.000000 1.525 0.151
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Tabnnua 3. MpoaonKeHue

Bcero C CpepHee Avcnepcua
o pegHee cpegHero
caiTos, 3HaueHue
3Ha4yeHue 3HauyeHuA
ucnonb- Lower Upper MHAOEeKca
lpynnbl BUAOB . . Habnto- MHAOEeKca t P
30BaHHbIX tail tail ana
Aaemoro ANA Hyne-
ans HyneBbIX
MHAEeKca . BbIX moge-
aHanusa mogaeneun o
neun
PeauoHanbHbIl nyn sudos
Bce rHe3gAawmecs
VI BOIMOIKHO - - - 0.00248 0.00181  0.00000 - 0171
rHesasLwmecs smuapl
BMecCTe
Podicipediformes - - - 0.00291 0.00521  0.00002 - 0.352
Anseriformes - - - 0.00627 0.00564  0.00001 - 0.323
Galliformes - - - 0.00131 0.00343  0.00001 - 0.162
Falconiformes - - - 0.00106 0.00053  0.00000 - 0.043
Charadriiformes - - - 0.00106 0.00103  0.00000 - 0.378
Strigiformes - - - 0.00630 0.00514  0.00001 - 0.315
Piciformes - - - 0.00507 0.00976  0.00005 - 0.275
Passeriformes - - - 0.00065 0.00020 0.00000 - 0.002
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Summary: To identify the general principles of the assembly of natural com-
munities is a fundamental issue of community ecology. To date, four paradigms
have been formulated, within the framework of which the structure of meta-
community and its providing factors are studied. Among the most important
processes influencing the meta-community structure several processes are em-
phasized. These are random processes, those determined by the environment
and those determined by biotic interactions. In the article we discuss the role
of ecological gradients, non-environmental spatial processes and interspecific
competition in the formation of bird communities on the border of taiga and
steppe of Trans-Urals. From 2000 to 2011 we collected the information on the
species composition of nesting birds of 17 sites. The meta-community struc-
ture was described using the element analysis method of the meta-community
structure - EMS. To give accent to the main environmental gradients PCA meth-
od was used. To assess the impact of non-environmental spatial processes the
correlation analysis of the similarity of the species composition of the sites
and the distance between these sites was conducted. The role of competition
was studied by comparing the variance of differences in body size of birds both
within definite sites and within the regional species pool. For the statistical
verification of a hypothesis the observed indices were compared with random
ones calculated using the fixed null model (FF). The leading process of the for-
mation of the structure of the birds’” meta-community on the border of taiga
and forest-steppe of Trans-Urals is species sorting along ecological gradients.
The structure of the meta-community of birds in the studied area within the
sites least modified by anthropogenic activity corresponds to the Gleason gra-
dient. The Gleason meta-community structure correlates well with the main
ecological gradient. Community nesting is not revealed. The hypothesis about
the role of interspecific competition is not confirmed. Minimal differences in
body size of birds were not revealed. For the orders of Passeriformes and Fal-
coniformes body size aggregation is characteristic. The role of spatial processes
in the formation of the bird population is not significant. The correlation be-
tween the similarity of the species composition and the distance between the
sites is not significant.
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