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BeimonmHeH  CTATUCTHYECKWH — aHANMW3 TUAPOXUMHYCCKHX M THAPOOHOIOTHYCCKHX — JAHHBIX,
MOJIYYCHHBIX TIPU 0TOOPE Mpod Makpo3000CcHTOCA, MeHoOeHTOoCa U 300mtankrona B 2013, 2018 rr. Ha
pasHBIX OHOTONAX MATH BRICOKOMHHEPATH30BAHHBIX pekax OacceiHa TUIECPraliHHOrO 03¢pa JNbTOH.
Paccmorpennr  obmme TeHACHUMH — (QOPMHPOBAHHS BHAOBOH  CTPYKTYPBl  METacooOIIecTBa
THIPOOHOHTOB  Ha  ocHOBe  KkoHuenumi  JlafiGonma-MuxkemnscoHa. € HCHONB30BaHHEM
PaHIOMH3UPOBAHHBIX HYTb-MOJEICH BBIMOTHCHA MPOBEPKA THIIOTE3 O COTTIACOBAHHOM BCTPEUACMOCTH
BUAOB (coherence), oOpa30BaHMM KOMIIAKTHBIX accoudauuid BuAOB (boundary clumping) wu
3aKOHOMEPHOH CMCHE BHAOBOTO COCTaBAa BAOIb JKOJOTHYECKUX TPaaucHTOB (furnover). BoiasineH
HECTALIMOHAPHBIA M TPEPBIBUCTHIM XapakTep H3MCHEHHS OHOTHYECKOTO pasHOooOpasms, a Takke
BBICOKAS MOZAMYHOCTE TAKCOHOMHYECCKON CTPYKTYPHL, YTO CBOMCTBEHHO SKOCHCTEMAM CTOXACTHICCKOTO
TUNA. YCTAHOBICHA TECHAS KOPPESLMOHHAS CBA3b BHYTPHU OTACITBHBIX CMELIAHHBIX ACCOLMALMN
OCHTOCHBIX M IUIAHKTOHHBIX BHJAOB, KOTOpas OOYCIOBICHA OHOTHYCCKHIMH B3AMMOJCHCTBUAMH H
COTTIACOBAHHOH peakuued OpraHu3MOB Ha BO3ACHCTBHE (akTopoB oOkpyxkaromeid cpegsl. C
HCMOIB30BAHUEM CTATHCTHYCCKUX MOJCTICH «CIYYalHOro Jieca» W MOCICAYIOMEro MHOTOMEPHOIO
aHaaM3a BBIACTCHBI TPYIIbl BHIOB IO CTCICHU TONCPAHTHOCTH K BHCIIHHUM aOHOTHYECKUM
BO3ACHCTBHSM M YCTAHOBJICHBI KOMITICKCHI (hPaKTOPOB, OKA3BIBAOIIMX 3HAUMNMOC BITUSIHUC.

Knroueswie cnoea: coneHbIC PEKH, 300IUIAHKTOH, MAaKpO3000CHTOC, MEHOOEHTOC, CTPYKTypa MeTa-
COOOIICCTB, MHANKATOPHBIC BHIBI, YACTHAS KOPPEISLUOHHAA CETh, (DAKTOPHBIA aHATH3.
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IIpusibToHBE ABASCTCS OAHUM W3 HAMOONEE YHHUKANBHBIX MPUPOJHO-TCPPUTOPUATBHBIX KOMILICKCOB
Oaccetina Huwknueit Bonru. Bxogsimme B €ro CocTaB ME30-, MONH- U THICPTAJTHHHBIC PEYHBIC CHCTCMBI
(YHKIIHOHUPYIOT B YCIOBHSX CTOXACTHUYCCKUX, d YaCTO M IKCTPEMABHBIX MPUPOIHO-KIMMATHICCKUX
BO3MYIICHHH, XapaKTCPHBIX [T APUIHBIX 30H, YTO BBI3BIBACT PE3KKE (PIYKTyaAIlHH YHUCICHHOCTH OTACTBHBIX
momyisiiui ruapoouonToB (Zinchenko at al., 2017). Bee aTo ompeaenser akTyaqbHOCTh U HEMOAACIBHBIN
WHTEPEC K U3YUCHHUIO B3aUMO3ABHCUMOCTCH OMOTHUYSCKUX 3JCMCHTOB B MPEALIAX IUIAHKTOHHBIX U JOHHBIX
COOOIIECTB PEK PECHOHA.

CraTrcTHYeCKUH aHATN3 TAKCOHOMHYECKOH CTPYKTYPHI THAPOOHOHTOB COJICHBIX PEK OacceliHa 03.
OJIbTOH, BBHIMIOJHCHHBIA HAMH PAHEEC C HMCMOIB30BAHHCM PA3THYHBIX MHOTOMEPHBIX METOAOB, MO3BOJIHII
BBIICIIUTh HCCTAI[HOHAPHBIC ACCOLMALIMKM BUJIOB KOHCOPIHATHUBHOIO THIMA, KOTOPHIC JAUHAMHYHO
(OPMUPYIOTCS. ¢ YUSTOM QAANTAIMOHHBIX BO3MOXKHOCTCH OTACIbHBIX TakCoHOB (Zinchenko at al., 2018).
Beiio mokazaHo, YTO A HU3YYACMBIX HKOCHCTEM YCTKOC PA3ACACHHUE KHU3HCHHBIX (OPM ILIAHKTOHHBIX H
JOHHBIX COOOIIECTB HE OYCBHIHO, T.C. OTMEUCH MEPexo] OCHTOCHBIX JKUBOTHBIX K INIAHKTOHHOMY 00pa3sy
JKHU3HU, YTO MPUBOAMUT K BBICOKOH J0JI¢ B3aUMOITPOHUKAIOIINX HKOJOTHUCCKUX TPynnupoBok. s aHamuza
BBIPAKCHHOCTH TAKUX AaCCOLMATHBHBIX BHYTPUCHUCTEMHBIX CBSI3CH HCIOAB30BAICA METOX  OLCHKH
KAaHOHHYCCKUX  KOPPCIMALMN, BBISBUBIIUN TECHYK)  CTATHCTHUYCCKYI) CBSI3b  MEKAY  PYNIAMH
Makpo3oodeHToca, MehoOeHToca | 30omnaHkToHa (3uHueHKO u Ap., 2019a). CpaBHeHHE pe3yIbTaTOB
MHOTOJICTHHX THAPOOHOIOTHYCCKUX HAOMIOACHHH B COJCHBIX PEKaxX MOKA3AJI0 KaK HAJIMYHC BBICOKOH
CTPYKTYPHOU COTTACOBAHHOCTH M YCTOWYMBBIX 3aKOHOMEPHOCTEH NMPOCTPAHCTBEHHOT'O PACHPEACICHUS, TaK
U PEry/LIpHYI0 CMEHY Beaymux BuAOB coodmects (3unucHko u ap., 20196). MuoromepHsii
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OpPAWHALMOHHBIM aHATH3 MO3BOJHMI YCTAHOBHUTH XapaKTEp B3aHMHO COITACOBAHHBIX PEAKUHN BHIOB HA
W3MCHCHUE VYCIOBHUH BOOHOH Cpeabpl, a TakkKE BBUIBHTh KOMILUICKCH THAPOXHMHUYECKUX (HaKTOPOB,
OKa3bIBAIOIINX HAHOO0IIEEC 3HAUHMOE BIIHSHUC.

AHann3 3aKOHOMEPHOCTEH BUIOBOM CTPYKTYPBI COOOIIECCTB U BBISBICHHE MEXaHH3MOB, MOPOXKIAOIINX
€C XapakTepHbi¢ mAaTTCpHbI (paffern — mWaOIOH), SBJSMIOTCS KJIACCHYCCKUMHU 33Ja4aMH  3KOJIOTHU.
CoBpEeMCHHBIC KOHIICTIIIMKA H3YUCHHSI SKOCHCTEM OCHOBAaHBI HA MOHATUH Mema-coobutecmea (Leibold,
Mikkelson, 2002), mog koTOpHIM MOHHMACTCS COBOKYITHOCTB SKOJIOTHUECKUX COOOIICCTB HAa PA3NMHYHBIX
VIaCcTKaX, OOBCAMHCHHBIX ONPECACICHHBIMH 3aKOHOMCPHOCTSAMH PACIpPCACICHUS BHIOBOIO COCTAaBa.
B ocHOBEe 5THX 3aKOHOMEPHOCTCH NeXKAT  TPAaUCHTHl (HaKTOPOB OKPYIKAIOMICH CPEAbl, Pa3TUYHBEIC
MEXaHHU3MbI B3aHMHO COTTIACOBAHHOTO COCYINECTBOBAHHS OPTaHHU3MOB H CHOCOOHOCThH Pa3siMYHBIX BHIOB K
pacceneHuo. Pe3ynpraToM 3TOro SBIAIOTCS TAKUE MATTEPHBI, Kak 0Opa30oBaHHEC MHOTOBHIOBBIX KIaCTCPOB
BJONb 3KOJOTHUCCKUX IPAAUCHTOB, MTONOKHUTEIBHAS WIH OTPHLIATECIbHAS COBMECTHAS BCTPEUACMOCTh BHIOB
U BJIOKCHHOCTh TAKCOHOMHYECKOH CTPYKTYPHI (nestedness; Lllutnkos, 3unucHko, 2011).

[lepBBIM STanmoM H3VUEHUS HNOTCHLMANBHBIX MCXAaHH3MOB (DOPMHPOBAHHS META-COOOIIECTBA SIBILICTCS
MPOBEPKA CTATUCTUUCCKOM TMIIOTE3BI O COOTBETCTBUH MOJCIH, OCHOBAHHOM HA HAOMIOACHUSX U CTAHIAPTHBIX
MATTEPHOB, TUIHMYHBIX NpH onpeacneHHbx yeaosusax (Connor, Simberloff, 1979). B kawectBe Mmonemu-
3Ta’goHa OOBIMHO BHIOHMPACTCA Ta HIM WHAS HYICBAas MOJCIb, T.€. PACOPEICICHHE BHIOB MO YYACTKAM
CITYYaHO U Xa0THYHO, KIACTEPHI HE 00pa3yIOTCs, BIUSHHUE KOJIOTHYCCKUX I'PaJHCHTOB OTCYTCTBYET U KAKHX-
au00 COTTIAaCOBAHHBIX CBSI3CH MEK Iy BHAAMH HE oOHapyskusaercs (Sanderson, 2004; Hausdorf, Hennig, 2007).

B Hacrosmell crathe HaMH NOpPEICTABICH JONMOJHUTCIBHBIA aHAIN3 CTPYKTYPBl COODIIECTB
MaKpo3000eHTOCca, MCHOOEHTOCA M 300IUIAHKTOHA Ha Pa3NMHYHBIX VYACTKAX ISITH CONCHBIX peK OaccelHa
03. DIBTOH W MPEATOKCHBI MOAXOABI K PCLICHHIO CICAVIOIIMX AKTYaJbHBIX HPOOIEM TEOPETUYCCKOro H
MPAKTHICCKOT'O XapaKTepa:

1. Ananu3 oOmux TeHACHUWH (GOPMUPOBAHMS BUIAOBOW CTPYKTYPHL H3y4acMOro METacooOIIECTBA,
B TOM YHCJIC, MPOBEPKA THIOTE3 O COTJIACOBAHHOW BCTPEUACMOCTH BHIOB (coherence), oOpa3oBaHHH
KOMITAKTHBIX accouuanuii BuaoB (boundary clumping) n 3aKOHOMEPHOH CMEHE BHAOBOTO COCTaBa BAOIb
3KOJIOTMUYCCKUX IPATUCHTOB ({1Fnover).

2. Cenexkupns HaOOpa WHAMKATOPHBIX BHIOB, OOMJIME KOTOPBIX CTATUCTHYCCKH 3HAYUMO CBS3aHO C
SKONOTHYECKUM I'PATHCHTOM.

3. llocTpoeHue KOPPETSLMOHHON CETH, ONPEACIONICH TPHOPUTETHBIC BHYTPUCUCTEMHBIC CBA3H.

Marepuansl H MEeTOABI

Ucxomuelli MaTepuan MOMYYEH HO PE3YJIbTaTaM THAPOOHONOTHYCCKUX CHEMOK MAaKpoO3000CHTOCA,
MEHOOCHTOCA W 300IIAHKTOHA HAa 13 pasiauuHbIX y4acTKaxX ITH COJCHBIX PEK GaccehiHa 03. DIbTOH
(49° 07' 30" c.uw., 46° 30'40" B.A.), UMCIOIIUX 3HAYUTCIBHBIN IpagucHT MuHepanu3auuu (ot 6 10 50.1 r/m).
[ToapoOHoe omucanue U cxeMa paioHa UCCICAOBAHHM, METOBI 0TOOpa MPoO MHAPOOHOHTOB M KAMEPaTbHOU
o0paboTku coOpaHHOrO MaTepuaia MpeacTaBicHbl panee B padorax (Zinchenko et al., 2017, 2018;
3unucHko u gap., 2019a, 20196). Ha Tex ke cTaHUMIX MApasuieibHO MPOBOAWIA MOHHUTOPUHT (PAKTOPOB
Cpeapl, BKIFOUAIMHN U3MEPEHHUS THIPONOTHYCCKUX MAPAMETPOB BOAOTOKOB (TIyOHHA, CKOPOCTh TCUCHHS
U Jp.), TIOKA3aTEICH KauecTBa BOABI M COACPKAHUS OCHOBHBIX XUMHUSCKHX KOMMIOHEHT. [1o coBokymHOCTH
MOCICMHUX KAKIAsl CTAHIINS HAOIFOACHUH ObliIa OTHECECHA K OJHON U3 TPEX rpaJaliiii MHHCPATU3ALUH.

Jis mpoBeACHUS CTATUCTHYCCKOTO AHAIN3A UCIIOIB30BAIH PE3YIbTAThl THAPOOHOTOIHUSCKUX ChEMOK B
aBrycre 2013 u 2018 rr. Ha oaHmMx U Tex k¢ (PMKCHPOBAHHBIX CTBOpax. beuta copmupoBana Tabiauia
YUCICHHOCTESH 136 TAKCOHOB, B TOM 4HCHEC. 36 BHIOB U POAOB Makpo3ooOeHTOCa, S0 BHAOB MEHOOCHTOCA
(3x3./M%) u 50 BHIOB 300MIAHKTOHA (3K3./M). JIIsl KOPPEKTHOM COBMECTHOM 0OpabOTKH JAHHBIX 3HAUCHHUS
YUCICHHOCTEH TpaHCHOPMHUPOBAIH B ¢AUMHYIO wKany OamioB ot 0 10 6 u chopmupoBatn 0OOOIICHHYIO
MaTPHULY TAKCOHOMUYECKOr0 OOUIHS Pa3MEpHOCThIO 26x136.

AHajau3 TPEX OCHOBHBIX 3JCMCHTOB CTPYKTYPHI METa-COOOIIECTBA (COTIACOBAHHOCTH, 000pOTa H
crymenuii BumoB, Leibold, Mikkelson, 2002) npoBogmiu ¢ 1EAbK YCTAHOBHTh, KAKOM THI MHATTCPHA
HAWTYYIIOAM 00pa3oM OTpaKacT PaclpeAcIiCHHE BHIOB BIONb TJIABHOW OCH Bapuauuu (akToOpoB CPEIbl.
Ha ocHOBE SMIUPHYCCKUX MAHHBIX CTPOHIM YIOPSAOUYCHHYE) MATPHUIY HHIUACHTHOCTH, KOTOPYIO
C UCTIONB30BAHUEM MPEIIOKCHHBIX CTaTUCTHYCCKUX KputepueB (Presley et al., 2010) cpaBHuBamu ¢
PaHAOMH3UPOBAHHBIMU HYJIb-MAaTPUIAMH, CHOPMUPOBAHHBIMU MO METOAY #1, TO €CTh, BUIOBOS OOTaTCTBO
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VUACTKOB CYMTAJIOCh HCHU3MCHHBIM, a4 BCPOSATHOCTH OOHAPV)KCHHS BUAOB OBUTH HPOMOPLMOHATBHBI WX
o0munM yactoraM. OLEHKY 3HAYMMOCTH 3JIEMCHTOB CTPYKTYPBI OCYIIECTBILUTH B PE3YJIBTATE MHOTOKPATHOT'O
MIOBTOPCHUS UMHATAIMOHHOTO mporeccca MonTe-Kaprmo.

Tect Ha KIACTEPU3ALHIO, MPOBEPSIOIIUI THMIIOTE3y O CYLICCTBOBAHHWH MOJOKUTEIBHBIX ACCOLHALNI
BHJOB, NPOBOAWIH HA OCHOBC MapaMETPUUCCKOrO OYTCTpEna MAaTpULBl JUCTAHLUH MEXKAY VIaCTKaAMH
C UCIIONB30BAHUEM KOMHYECTBEHHOH Mepbl Kympuunkoro. IlpuMeHSIM CTATHCTHYCCKHE KpUTCpUI
(Hennig, Hausdorf, 2004), vunThIBalOIIKMH COOTHOLICHUE CYMMApPHBIX PACCTOSHHNA BHYTPH H MEKAY
knactepamu. [lIpocreiiimas HeorpanuueHHas (unconstrained) HylneBas MOICTb MPEAINONArana, 4YTO BCE
OHOTONBI OJUHAKOBO MPHIOAHBI MM JOCTYIHBI U1 BCEX BHIOB HE3aBHCHMO OT TOrO, B KaKHX
MECTOOOUTAHUAX OHU ObLTH OOHAPYKEHBI. B MOACIIX C OTrpaHHUUCHHUSMH JOMOJHHTCIBHO 331aBaIach
OTIPEICNCHHAS KOPPESLMOHHAS CTPYKTYpa B BUAC MATPHLBI PACCTOSHHI MEXKIY OTACTBHBIMH YYaCTKAMH
IO IIKAIC aHATU3UPYEMOTO IPaJUCHTA (IKOIOTHIECKOr0, MPOCTPAHCTBEHHOTO WX BPEMCHHOTO).

Panee (Bunuecnko u ap., 2018, 2019a, 6) ansg paHKUpPOBAHHSA BHAOB IO CTCICHH WX WHIUKATOPHOU
BAJICHTHOCTU MO OTHOIICHHUIO K TPAAUCHTY COJICHOCTH HMCIONb30Baics unaeke IndVal Nrodpena-Jlexanmpa.
B mnacrosmeini paGore npumensiu amroput™ «bopyra» (Boruta; Kursa, Rudnicki, 2010), xoropsrit
OLICHUBACT Mepy HHGOPMATHBHOCTH KAXKJOTO BHAA B BHAC YACTHOM OMIMOKH MPOTHO32, BBI3BAHHOKN
HUCKITIOYCHHEM STOr0 BHAA W3 MoJenH. MeTox BHINOMHAET NPOBEPKY Ho METOIOM paHIOMH3ALUH
€ UCTOIB30BAHUEM BBICOKO3(D(PEKTUBHOrO aHcaMOIst MOACICH CiiydaliHoOro jeca (random forest).

TecHOTY CTATHCTHYECKOH CBA3M MEXKIY OTOOPAaHHBIMH BHIAMH OLICHHBAIM METOIAOM «TPadUuecKoro
nacco» (graphical lasso, Friedman et al, 2007), ¢ MOMOIIBIO KOTOPOro HAXOAMUIH OLCHKY MaKCHUMAIbHOTO
MpaBaonoAoOHuS MaTpULbl K03((ULHCHTOB YaCTHOH KOPPESILMH X Ha OCHOBC alITOPHTMA PEryILpH3aLnN
(T.e. ¢ yaerom mrpada 3a cymMMy abcomOTHEIX 3HaueHui X ). [TonydeHHEIH rpady MATPHIIEI OTOOPAKATH B
(hopMaTe ONTHMUBHPOBAHHOU KOPPEISALIUOHHON CETH.

CraTucTHuecKkui aHaIN3 BBHITIONHAIN C MCIIONB30BAHHEM cpeabl nporpamMuposannd R eepcun 3.06 u
ce JONOTHUTEIBPHBIX MAKETOB metacom, prabelus, Boruta, huge u qgraph.

Pesynbrartel H o6cysxaeHne

PesynpTaThl MpOBEPKU CTATUCTUYCCKUX THMIIOTE3 OTHOCHTEIBHO 3aKOHOMEPHOCTCH TaKCOHOMHUCCKOU
CTPYKTYPBI METacooOIIecTBa NpeAcTaBicHsl B Tadmuue 1. OrpunarenpHOe 3HAUYCHHE Z-KpUTEPUS H
3HAYMMOCTE CTATUCTUKHU AJIS TECTA HA COTJIACOBAHHOCTE BUAOB CBUACTEIBCTBYCT O MPeodIaJjaHuy NaTTepHa
THINA «IaxXMaTHAs JOCKAa». KOMITOZHLMHM BHIOB HMCIOT OONbIIE MPOMYCKOB HEMPEPHIBHOCTH (embedded
absences), 9eM 3TO IMEET MECTO A CIy4aiHoM cTpykTypel. Hesnaunmocts Bugoodoporta (furnover) mo Z-
KPHUTEPHUIO MOATBEPIKAACT, YTO MHOTOUYHCICHHEIC HENPEACKA3YEMBIC TOSBICHUS/UCKITIOUCHUS BUIOB HMCIOT
CTOXAaCTHUECKHH xapakTtep. TecT 7’ Ha HANTMYHE CTYMIEHHH OTKIOHACT HYICBYIO THIOTE3Y 0O OTCYTCTBHH
Knactepuzanui. Bee 3TH 0COOCHHOCTH UMEIOT MECTO B CIy4ac, KOrAa JOMHHUPYIOIIUE T'PagHCHT CPEIbI
OTCYTCTBYET, a4 pacnpeicicHue BUAOB (HOPMHUPYETCS MO BIMSIHHEM HECKOIBKUX, B HEKOTOPOM CMBICIIC
Pa3HOHANPABICHHBIX BHEIIHUX (DAKTOPOB.

Ta6auna 1. CratucTrveckas 3HAYUMOCTD PA3THYHBIX THIIOTE3 OTHOCHTEIBHO TAKCOHOMHYCCKON CTPYKTYPBI
METacoOo0IIeCTBA THAPOOHOHTOB B PeKax 0ACCCHHA 03. DJIBTOH.

IIpoBepsiembie runoTesbI Crarucruka | p-3Hauenne
1. Onementrr MetacTpykryph (Leibold, Mikkelson, 2002):
- COTIaCOBAHHOCTh BUAOB (coherence) -9.89 ~0
- obopot BUAOB (furnover) 0.88 0.37
- Hamuuue cryuenui (boundary clumping) 1.71 0.000001

2. BeipaskeHHOCTE accoLMaIMi BUAOB MpH pa3nuyuHbIX orpanuucHugx (Hennig, Hausdorf,
2004):

- HEOTPAHUUCHHAS MOJENbD, 0.143
- MOJE/b, YUUTHIBAIOINAS CBSI3b C TCOrPAPHUUCCKUM PACTIOIOKCHUEM, 0.286
- MOJEMb, MPEAMNOAraroas JOKATIU3ALHUIO [0 PEKaM, 0.0495
- MOJE/Tb, YUATBIBAKOIIASL CBS3b € IPAJUEHTOM COJICHOCTH. 0.0594
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Jnsa mpoBepKkH MPEANONOKCHHUS O MPOCTPAHCTBCHHOH AaBTOKOPPEIHNPOBAHHOCTH BHIOBOTO COCTaBa
OBLJIO TIOCTPOCHO YCTHIPE MOJCTHM PACHPEACICHUS TAKCOHOB MmO yuactkam pek (tadm. 1). Jlee mogenu
OCHOBaHbl HAa THIOTE3C, YTO BEPOATHOCTh OOPA30BAHUS MOBTOPSIOIIUXCS ACCOLMALMH BHIOB OONBINC HA
OMM3KUX MEXay co0oi yuacTkax (B MPEACaax ONHOM PEKH WM MPUHALICKAINMX K OJHOH U TOH ke
rpajamuyl CONCHOCTH). s HUX BBUBICH CTATHCTHYSCKH 3HAYMMBIA YPOBCHb KJIACTCPH3ALMH TAKCOHOB
(p=0.05+0.06). Jlast MoaencH, CYUTAIOIINX, YTO MTPOCTPAHCTBCHHON ABTOKOPPES/ISLIUU HET MK OHA OCHOBaHA
UMb HA OMU30CTH reorpaduueckux KOOPAWHAT TOUCK, THIOTE3a O CIYYAHHOM XapaKTepe BBIABIICMBIX
KIACTCPOB HE OTKIOHICTCSL.

Jns yTOuHEHHs, Kakue UMEHHO BHIbI 0OPa3yIOT B3aHMMOCBSI3AHHBIC ACCOLMALINH, CTPOMIH rpad cery,
MPEACTABICHHBIN Ha pUCYHKE (a). [lonyueHHbIC KOPPETALMOHHBIEC TICAAR CHOPMHUPOBATHCE U3 KOMOMHALINI
BHJOB, YacTas COBMCCTHAS BCTPEUAEMOCTb KOTOPBIX OOYCIOBJICHA KaK OHOTHYCCKHMH B3aMMOJCHCTBUAMHU,
Tak W B3AUMHO COTJIACOBAHHOW peakiMel Ha H3MEHEHUME (aKkTOpPOB BOAHOH cpeasl. Mcmoms3oBanue
KO3 PHULIMCHTOB YaCTHOH KOPPE/ISILMN, KOTOPBIC 00BIUHO B 3-4 pasa mo aOCOIHOTHOW BEIUYHUHE MEHBIIE, YeM
TpamuuoHnbie kKo3(duumeHTo [IMpcoHa, MO3BOMMIO OLECHUTD «IUCTHIC» 3(P(EKTH MAPHOTO BIAUMOICHCTBHS
MEKAY ABYMS KOHKPETHBIMH Y37IaMH CETH MOCIIC UCKIFOUCHHS COBOKYIIHOTO BIIHSHHUS BCEX OCTATIBHBIX Y37IOB
U, TEM CAMBIM, PE3KO CHHU3UTh 3P (PEKT «IOKHOW» WK HABCICHHOU KOPPETIALIIHL.

Jns OUEHKH TECHOTHI CBSA3H BUAOB THIPOOHOHTOB C SKOJOTHUECKUM T'PAJAWCHTOM  BBITOIHHIH
99 ureparpii TTOCTPOESHUA MOAENEH «CaydaifHOro seca», coctosmux u3 500 wmepapXudecKux JepeBHEB.
C nomompio anmroput™a «bopyTa» BBIMHCISIN BRKHOCTB (imporfance) KaxIOro BUAA MO Z-KPUTCPHIO,
OLICHUBAIOIIETO CHIJKCHHE OLIMOKH MPOTHO3WPOBAHUS OTKIHKA HMPH 3aMECHE 3MITHPHUYCCKOTO BEKTOPA OOMITHS
HAa CIIy4YaiHbIl BEKTOP. bi1o ycTranoBieHo (Tada. 2), uto u3 136 UCXOmHBIX BUAOB TOABKO 16 TAKCOHOB UMCIOT
CTATHUCTHYECCKU 3HAYMMYIO CBS3b C (haKTOPOM MHUHEPATIM3ALMU BOJbBI, TOTJA HAXOXKACHHWC MPOUYHX BHIOB B
000U TOUKE U3yIAEMOH THAPOCUCTEMBI SIBISCTCS CIYUANHBIM H PABHOBEPOSTHBIM.

3aMeTuM, YTO HEKOTOpPbIC BuAbl, Takue Kak Cricotopus salinophilus (Zinchenko, et al., 2009),
Microchironomus deribae (Freeman, 1957), Apocyclops dengizicus (Lepeshkin, 1900), wacro
OOHApYKHUBAIOTCS OJHOBPEMEHHO B IUIAHKTOHHBIX M OCHTOCHBIX mpodax. Jtu ¢uro- u Oakrepuodaru
UTPAIOT BAXKHYIO JKOJOTHUYCCKYIO POTb B O0CHUX CpeAax, YTO ONPEIENACTCS CHCUU(pHKON pacnpeciacHus
MULICBBIX PECYPCOB B THIICPIBTPOQHBIX VIACTKAX PEK, B TOM YHCIC U B IUAHOOAKTCPUATBHBIX MATAX.

Uro0Bl OLICHUTh, KAKHE KOHKPETHO A0MOTHYCCKHUE XAPAKTCPHCTHKU OHOTOMNOB OKA3BIBAIOT BIMSAHUC HA
CYIICCTBOBAHUE OTACTIBHBIX BHJOB, BBIIOJHCH AHATM3 [VIABHBIX KOMIOHCHT HCXOJHBIX MATPHILI.
Ha pucynke (6) mnpenctaBiacH JBYAONBHBIA KOPPEALHOHHBIA rpad, TMOKA3BIBAOLMINN CBI3H MEKIY
25 mepBEIMH TAKCOHAMH W3 TaOMHUBI 2 W TPEMs NATCHTHBIMH (HakTOpaMH, ONMPCACTAIOUIMMH TJIABHBIC OCH
MHOTOMEpPHOH BapHaumy JaHHBIX. DakTop | BKIIOUAET KOMIUIEKC IMOKA3aTeleH, OMPEACTIIONINX COJIEHOCTh
BOJBI. COACPIKAHKE XJIOPUA-HOHA, KATbLHUA H BCeX TpeX (HopM a30Ta (IION0KUTENbHAS KOPPEILILHSA +), & TAKKE
cyaphar-uoHa U ryOUHY BOAOTOKA (OTPHLIATEIBHAS KOPPEILHs -), GakTop 2 TECHO CBSI3aH C COACPKAHUEM
kucaopona u pH (+), koHIeHTparwel Maprasia u skejesa (-), a haxTop 3 CBI3aH C COACPKAHUEM XJI0poduIIIa
A, MarHust ¥ TeMOepatypoii Boapl (1), a Takxke pocharamu u OukapOoHaTamu (-).

Boisoasl

1. JI1s1 u3y4CHHOW PEYHOH SKOCHCTEMBI XapakTepHA OONMbIIAs CTCMEHb CTOXACTHYHOCTH NMPHUPOAHBIX H
KJIMMATHICCKUX W3MCHCHUH, TAKUX KaK CTOHHO-HATOHHBIC SIBICHUS BOJBI B CHCTEME «PCKa-THIICPraIHHHOC
03epo», MEPECHIXaHUE H 3aPCTYINPOBAHMEC PyCia PeK, BHICOKUH TPaJUCHT MHUHEPATU3ALHIH, 3apacTacMOCTh
6uotronoB Makpoduramu U ap. IT0 0OYCIOBUIO OOLIMHA HECTALIMOHAPHBIH XapakTep MeTa-cooOIIecTBa
rHAPOOUOHTOB, BBIPA3MBIUMICS B MPCPHIBUCTOM TPAAUCHTE OHWOTHYCCKOTO pa3HOOOpasus, BBICOKOMH
MO3aUYHOCTH TAKCOHOMHUYCCKOW CTPYKTYPBI, OTCYTCTBUH BIOKCHHOCTH W JPYIHX KOHTHHYaJIbHBIX
3aKOHOMEPHOCTEH 060poTa BuAOB (Tadm. 1).

2. luHaMuKa napaMeTpOB BHCLIHCH CPEIbI ACIACT HCBO3MOKHBIM CTAOHIBHOC COCTOSIHHE SKOCHCTEMBI
CYIECTBYET HCKOTOPOC MHOKECTBO  OTHOCHTCIBHO  VCTOWYHMBEIX — PAaBHOBCCHH, OOYCIOBICHHBIX
NPUOPUTECTHBIMU (haKTOpaMu, ACHCTBYIOINIMMH B KOKIOH TOYKE M B KAKAbIA MOMEHT BpemeHd. OxHAKO
TCCHAs B3AMMOCBS3b M3YUCHHBIX IUIAHKTOHHBIX M JOHHBIX BHAOB METa-COOOIICCTBA IMOCTOSIHHO
MONACPKUBACTCA 33 CUCT OHOTHYCCKUX B3aUMOJCHCTBHI momymsiuuid ¢uro- u Oaxrepuodaros.
Habnrogaercs dopmupoBanne CMEUIAHHBIX KOHCOPLIMYMOB BHIOB M3 Pa3HBIX TPYIIIT OPTaHU3MOB, YTO OBLIO
MOKA3aHO METOAAMH KOPPEISIIIMOHHOrO aHamu3a (puc. a).
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a)

Chi sl B Apo_dn

Chi_sl

Cri_sf Pal_sh

)
Cyp_tr

Wic_db Crn_sf

Tan_kh

Meg_vr Het_sl
Mic_db Cle_cn

6)

Puc. I'padpl CTATHCTHUCCKUX 3aBHCHMOCTCH MEKIY KOMITOHCHTAMH METa-COOOIECTBA THAPOOHOHTOBR B
pekax OacceliHa 03. DIbTOH: a) YaCTHAS KOPPCSILUOHHAS CETh MCKBUIOBBIX OTHOIICHUH, 0) CBI3H O0HIHS
BHJIOB € TPEMs TJIABHBIMU JTATCHTHEIMH TICPEMEHHBIMHE, 0000IIAOITNMH aOHOTHUCCKUE (BaKTOPBI. VeiosHbie
0003HAYeHUs. TEMHO-CEPBIH — TAKCOHBI MAaKPO3000CHTOCA, CephIii — MEHOOCHTOCA, OCIBIH — 300IMTaAHKTOHA.
Koasr Bua0B mpuseacHb B TaOIUIIEC 2.
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Tab6muua 2. Taxcons! 300mtankToHa (ZP), meiiobentoca (MB) u makposzoobentoca (ZB), obnagaromme
HAHOOJBINCH 3HAYMMOCTHIO TPH TIOCTPOCHUHM MOJCICH 3aBUCHMOCTH BHIOBOTO COCTaBa OT TPaAJAWCHTA
MHUHCpaINU3aIuu B COJICHBIX PCKax.

3naunmocts | I'pynna | Koa Buaa Taxconsl BcerpeuaemocTtn Z_Kpl{_ p3ua-
Tepuii | yeHue
ZB Pal sh Palpomyia schmidti 11 10.75 1.00
MB Apo_dn Apocyclops dengizicus 8 6.92 1.00
VAY Apo_dn Apocyclops dengizicus 9 8.60 1.00
Bhicokas VAY Cri_sf Cricotopus salinophilus 19 7.15 0.99
VAY Aca_sp | Acanthocyclops americanus 4 3.73 0.75
ZB Cri_sf Cricotopus salinophilus 16 3.65 0.73
VAY Bra pl Brachionus plicatilis 22 3.53 0.71
MB Het sl Heterocypris salina 5 3.31 0.69
VAY Cle _cn Cletocamptus confluens 4 3.29 0.63
ZB Gam _lc Gammarus lacustris 6 3.11 0.60
MB Mic_db | Microchironomus deribae 3 3.06 0.57
Cpoanss MB Chi_sl Chironomus salinarius 11 2.77 051
MB Pal sh Palpomiya schmidti 7 2.29 0.38
VAY Meg vr Megacyclops viridis 7 2.18 0.37
MB Cyp_tr Cyprideis torosa 17 2.32 0.36
MB Cri_sf Cricotopus salinophilus 15 2.07 0.12
VAY Cru_rf Cricotopus rufiventris 3 1.43 0.05
ZB Gly sl Glyprotendipes salinus 4 1.56 0.03
Zp Dia_bs Diacyclops bisetosus 3 1.09 0.03
ZB Chi_ap Chironomus aprilinus 4 0.35 0.02
MB Nai_el Nais elinguis 4 1.54 0.02
ZB Tan_kh Tanytarsus kharaensis 2 1.32 0.01
ZB Mic_db | Microchironomus deribae 8 0.96 0.01
MB Onc rv Oncholaimus rivalis 4 0.70 0.01
MB Mo pv Monhystrella parvella 23 1.62 0.01
ZB Chi_sl Chironomus salinarius 10 0.09 ~0
ZB Aed_sp Aedes sp. 3 0.25 ~0
MB Net lc Nitokra lacustris 3 1.07 ~0
MB Par It Paranais litoralis 3 0.95 ~0
MB Can_sp Candona spp. 3 0.88 ~0
MB Dip_dl Diplolaimelloides delyi 5 0.72 ~0
Crabas ZB Ber sp Berosus sp. 3 0.72 ~0
MB Cal sl Calodorylaimus salinus 3 0.42 ~0
VAY Euc sr Eucyclops serrulatus 3 0.02 ~0
MB Tu Turbellaria spp. 4 0.00 ~0
ZB Cul_sp Culicoides sp. 3 -0.08 ~0
VAY Cyp_tr Cyprideis torosa 6 -0.40 ~0
VAY Gam _lc Gammarus lacustris 3 -0.44 ~0
ZB Odn_sp Odontomyia sp. 3 -0.45 ~0
ZB Sig_sp Sigara sp. 4 -0.50 ~0
ZB Eph_sp Ephydra sp. 4 -0.56 ~0
VAY Cyc_np Cyclopoida nauplii 12 -0.63 ~0
VAY Col _ad Colurella adriatica 3 -0.72 ~0
VAY Bde Bdelloidea spp. 4 -0.80 ~0
VAY Cyc cp Cyclopoida copepodit 8 -0.81 ~0
ZP Bra cl Brachionus calyciflorus 3 -1.72 ~0
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3. TlpocTpaHCTBEHHOE pacnpeacicHHe BHIOB (OPMHUPYETCS MOJ BIMSHHEM HECKOJBKHX, YacTo
PasHOHAIIPABJICHHBIX BHCITHUX (I)aKTOpOB, U3 KOTOPBIX MPUOPUTCTHBIMU ABJIAOTCA OCO6CHHOCTI/I JOKAJIBHBIX
OHOTOIMOB ¥ MOHHBIH COCTAB BOMHOW CPEAbl. BB BHIACICH OTHOCUTEIPHO HEMHOTOUHCICHHBIN TAKCOLCHO3
HUCTHHHO TaJIO(QHUIBHBIX BUIOB, TECHO KOPPETHPOBAHHBIX C CONCHOCTHIO BOAHI (Tabmn. 2). OqHaKO OCHOBHYIO
qacTh 6OFaTCTBa BHAOB COCTABJIAIOT 3BpI/I6I/IOHTHbIC BUABI, PABHOMCPHO PACHPCACICHHBIC TIIO
OKOJIOTUUYCCKOMY TI'PAIUCHTY U aJallTUPOBAHHBIC K O6I/ITaHI/IIO B MUHCPAIU30BAHHBIX BOAAX apHUAHBIX
Teppuropuii (puc. 1 6). BaxkHeIMu 3KOnOoruuecKkuMH (GakTopaMH IS UX PECYPCHOH 0OECIIEUEHHOCTH
ABILIIOTCA coAcpkaHue (ocaToB, pacTBOPECHHOrO KHCIOpoJa, Xiopoduiama «Ay», YTO XapaKTEpHO A
3BTpodHBIX BOAOTOKOB (Zinchenko et al., 2014).

4. PazHoOoOpaswe, aianTauud W YCTOMYHUBOCTh MOMYJALHHA MPU PECYPCHOH OOECTICUCHHOCTH BHIOB
THAPOCUCTEMBI B  YCJAOBHSX OJJIBTOHCKOTO OHOC(EPHOrO 3amoBSAHUKA TMOAPA3YMEBACT COXPAHCHHS
MPUPOIHON JUHAMHUKH €CTCCTBCHHBIX MECTOOOUTAHHI.
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