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AHHoTauusa. NMpoBegeH pacyeT ONTUMYMOB WM NPEOENoB 3KOMOMMYECKONW TONEPaHTHOCTM PasnnyHbIX
BWOB 300MIAHKTOHA MO OTHOLLEHWMIO K CONTEHOCTU U K YPOBHIO pH B CIOXHbBIX rEOXMMUYECKUX YCIOBUSAX
tora 3anagHow Cnbupw. MNMokasaHo, 4To B pa3HOOOpPasHbIX KIMMaTUYECKUX YCITOBUAX Y 300MITAHKTOHHbIX
OopraHn3moB (OPMUPYIOTCS pasfnuyHble Npedenbl raroTorepaHTHOCTU U NPUCNOCOONEHHOCTU K Ana-
nasoHy 3HadeHu pH. B ycnoBusix o3ep 3aMKHYTOro cToka Ha tore 3anagHon Cubupu ontumanbHble
3Ha4veHus pH ansa 6onblUMHCTBA MacCcoBbIX BUAOB 300MnaHKTOHa cocTaensitoT 7.5-8.5. bonblnHCTBO
Rotifera, Cladocera un Cyclopoida (3a ncknioveHmemM TUNMYHbIX ranogunoB) He BbiAEPXKNBAIOT YPOBEHb
coneHocTu Bbiwwe 5 r/n. Y npeactasutenen otp. Calanoida ypoBeHb ranotonepaHTHOCTU 3Ha4YUTENBHO
Bbille 1 Y HEKOTOPbIX BUAOB npesBbiwaeT 90 r/n.

KnroueBble cnoBa: sKkonornyeckasi BaneHTHOCTb, abMoTU4eckme pakTopsbl, AManas3oH TONepaHTHOCTH,
pH, coneHocTb

®PuHaHcupoBaHue. PaboTta BbinonHeHa B pamkax [ocyaapCcTBeHHOro 3agaHus MIHCTUTyTa BOOHbIX U
akonormnyeckux npobnem CO PAH.
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Abstract. In the study, the optima and tolerance limits of various zooplankton species in the diverse
geochemical conditions of the south of Western Siberia have been calculated. It is shown that in various
climatic conditions zooplankton organisms form different limits of halotolerance and adaptability to pH
range. In the drainless lakes under study, the optimal values of pH for most mass zooplankton species
are within 7.5-8.5. The majority of Rotifera, Cladocera and Cyclopoida do not tolerate salinity above
5 g/l, except for typical halophiles. The halotolerance level of the representatives of the order Calanoida
is much higher; for some species, this indicator exceeds 90 g/I.
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BBeaeHue

dopmupoBaH/Me BUOOBOMO COCTaBa M KONMUYECTBEHHbIX XapaKTepUCTUK 300MNMaHKTOHa MpoucxoauT
nog, Bo34enNCTBMEM COBOKYMHOCTM (DU3NYECKNX U XUMUYECKMX NPOLIECCOB Ha Bogocbope U B cCaMoOM BO-
[oeMme, KoTopble onpeaensanTcs KNMmMaTudeckumMm, reonormyeckumMmn 1 apyrumm napametrpamu. Kaxabin
BWA, BXOOSALLMIA B cocTaB coobLlecTBa, 06nagaeT coOGCTBEHHOM 3KOMOTMYECKOW BaneHTHOCTLIO, UM TO-
NEPaHTHOCTBIO K BO3OENCTBUIO BHELHUX bakTopoB. JToOOM OpraHMam MOXET CyLIeCTBOBaTb TOSLKO B
onpefeneHHbIX rpaH1Lax 3HayeHu napaMmeTpoB cpedbl, OKasblBalOLLMX Ha Hero BrivsiHue. B. LWWendopa
B 1913 1. cchopmynmpoBan 3akoH ToNepPaHTHOCTU, COMMAcHO KOTOPOMY Kak HE4OCTaTOK, Tak 1 N30bITOK fto-
6oro BHeLLHero dhakTopa MOXeT ObITb BpeaHbIM Ansi bronorndeckoro odbekta (opraHuama, nonynsiyum),
a [ovanasoH Mexay 3KOMormyeckuM MUHUMYMOM U 3KONOMMYECKMM MakCMMyMOM COCTaBnsieT npeaernbl
YCTOMYMBOCTY, T.€. TonepaHTHOCTU opraHuama (Shelford, 1913). CornacHo onpeaeneHuno, NpuBeaeHHO-
My B.B. 3paHoBunyem n E.A. KpukcyHoBbiM (2004), «auana3oH TONepaHTHOCTU — MHTepBar 3HadYeHun
onpegeneHHoro (06bI4HO NpeanonaraeTcs abMoTUYecKoro) dhakTopa, B Npeaernax KoToporo BO3MOXKHO Cy-
LLleCTBOBaHME AaHHOro opraHuama (svnaa)». o OTHOLLEHUIO K KaXXOoMY (hakTopy MOXHO BblAENUTb 30HY
onTMMyma (30Hy HOPManbHOW XN3HeAesaTENbHOCTW) U Npeaenbl BbIHOCIIMBOCTM OpraHn3mMa.

Onpenenutb Npeaensl TONEPaHTHOCTU XXMBOIO OpraHn3ma K ToMmy Unu Homy pakTopy B NPUPOAHbIX
aKocucTeEMax 3aTpyaHUTeNbHO. Kak npaBuno, opraHMambl cTaparTcs n3beratb 30H C 9KCTpeManbHbIMM
3Ha4YeHUSIMU U, COOTBETCTBEHHO, TArOTEIOT K ONTMMarbHbIM YCIOBUSAM CYLLECTBOBaHUA, TO eCTb dak-
TUYECKUE Npeaenbl TONepaHTHOCTU, Habngaemble B NPUPOAE, MEHbLLE NOTEHLUMANbLHOM CNOCOBHOCTM
opraHu3ma afanTupoBaTbCs K uccnegyemomy caktopy. Kpome Toro, nsyvyeHume oTknmka opraHnm3moB Ha
BHELLHME BO34ENCTBUS B OOMbLUMHCTBE NPUPOOHLIX 3KOCUCTEM BECbMA 3aTPYLAHEHO B CBSA3M CO CIOX-
HOCTbIO MOMy4YeHNs IKCNEPUMEHTASbHbIX AAHHBLIX, 0COOEHHO Ha NpeaernbHbIX rpaHMLax BbIHOCIIMBOCTMY.

Coo0ulecTBa 300n1aHKTOHA MMMHUYECKUX CUCTEM 006NadatoT psiAoM NPU3HaKoB, KOTopble AenarT
nx 9P PeKTUBHBIMU OMONOrMYECKMMM MHONKATOPaMM IKOSNOMMYECKMX YCIIOBUIA U B TOM YMCe NO3BOMS-
IOT UM CNYXUTb 0ObEKTaMKN U3yYeHUS NPeLEenoB YCTOMYMBOCTU OpraHuamoB. B coctaB 300MnaHKToHa
BXOAAT BUAbI, KOTOPbIE N3-3a pasnuyuin B (oM3monormiyeckmx npoLeccax YpessblHanHo YyBCTBUTENbHbI
K U3MeHeHMAM abnotudecknx pakTopoB, TakmMx kak pH, Temneparypa, CoONneHoCTb, PaCTBOPEHHbIN KUC-
nopoa u 1.4. (Epmonaesa un gp., 2019; Brett, 1989; Havens and Hanazato, 1993; Marmorek and Kor-
man, 1993; Sterner et al., 2002). Kpome Toro, 60nbLUMHCTBO TAKCOHOB 300MMaHKTOHA MMEET 4OBOSbHO
KOPOTKUI NepUog CMeHbI NMOKOMNEHWI; COOTBETCTBEHHO, U3MEHEHWNE YCITOBUIA OKpy>KatoLLen cpeabl Obl-
CTPO OTpaXkaeTcsl Ha CTPyKType coobLiecTsa.

3anagHas Cubupb — 3TO CNOXHLIN B BUOreOXMMmMYeCKOM OTHOLLEHUM PernoH. 3a4eck nMmetoTcs 0b-
LWMPHbIE TEPPUTOPUM C MOHMKEHHBIM U MOBbLILLIEHHBIM €CTECTBEHHBIM COAEPXXaHUEM MaKpo- U MUKPO-
3MneMeHTOB B 0ObekTax npupoaHon cpegbl (Epmonaea, 2021; 3anagHast Cubupb, 1963). CooTseT-
CTBEHHO, U XUMUYECKNIA COCTaB BOAbI 03ep 3TUX TEPPUTOPUN BapbUpPYET B LLUMPOKUX npeaenax, B TOM
yncne, HanpuUmep, Mo COMEHOCTU — OT YNbTPAaNpPeCHbIX 40 runepranvHHbix. Kpome Toro, gna 6eccrou-
HbIX MasnbIX 03ep B apuaHON U cyGapuaHONM 30HaxX XxapakTepHa 3KCTPEMarlbHOCTb YCIOBUI CyLLECTBO-
BaHUS rMapoOUOHTOB, YTO BbI3BAHO HEDOMbLWIMMK pa3mepaMy BOLOEMOB W, COOTBETCTBEHHO, PE3KM-
MW CYTOYHBIMU U CE30HHBIMMK KorebaHMsaMN nx OU3NKO-XMMNYECKUX XapaKkTepuctuk (BecHuHa, 2003;
Epmonaesa, 2021). 3HaunTenbHasi BapMabenbHOCTb 30HaNbHbIX U NOKanbHbIX ()akTOPOB CNocobCTBO-
Bana oopMUPOBaHMUIO TEOXMMUYECKM Pa3fINYHbIX TUMOB 03ep C OONbLUMM AMana3oHOM KOHLUEHTpauuii
pasnnyHbIX MOHOB, YTO NO3BOMSIET paccMaTpmBaTh AaHHY TEPPUTOPUIO KaK €CTECTBEHHbIN MPUPOaHbIV
NOMWroH Ang u3ydeHus npeaenos BbIHOCAMBOCTU MAAHKTOHHbLIX OPraHU3MOB MO OTHOLLEHWUIO K BHELLIHUM
dakTopaM. B cTonb akcTpemMarnbHbIX YCNOBUSX, KOTOPbIE XapakTepHbl AN TeppuTopun tora 3anagHom
Cwnburpu, MOXHO oXnaaTb Gonee LWMPOKOro YPOBHSI NMPUCMOCOBNEHHOCTH 300MNaHKTOHHBLIX OPraHN3MOB
K N3MeHsitoLwuMes dpaktopam cpeibl, Yem B APYrnX pernoHax.

Llenb paboTbl — onpegeneHne npenenoB TONEPaHTHOCTM U BbIsIBIIEHWE 30H ONTUMarnbHOro cylie-
CTBOBaHMS1 MacCOBbIX BMAOB 300MSIAHKTOHA, LUMPOKO pacnpoCTpaHeHHbIX Ha Tepputopuu 3anagHown
Cwnbupu, 1 oLeHKa perMoHarnbHbIX 0COOEHHOCTEN (POPMUPOBAHMS NX 3KONOMMYECKOW BarieHTHOCTMY.

MaTepManbl n MetToabl

B ocHoBy paboTbl nerno o6o6LleHne pe3ynsTaTtoB KOMMIIEKCHOTO UCCeAoBaHMs rmgpobuonoruye-
CKUX U TMOPOXNMUNYECKUX XapaKTEPUCTUK MarblXx 03ep Ha Tepputopun tora 3anagHo-Crnbupckon pas-
HWHbI BOOMb TPAHCEKTbI OT K0XXHOMW rpaHuubl Antamckoro kpas (51° ¢.Lw.) 4o roxXHOWM rpaHuLbl Bactorak-
ckoro 6onota (60° c.w.) (Puc. 1). Uccnegosanusa npoeogmnu B 2000—-2019 rr. no eanHon MeTo4M4eCcKon
cxeme. Mpobbl oTOMpanu ogHokpaTHO (pa3oBoe obcneoBaHKe) B cpoku ¢ 15 mions no 15 aerycra. Mpu
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Puc. 1. KapTa-cxema pacnonoXxeHna nccrnegoBaHHbIX 03ep.

cbope npob 3oonnaHkToHa 50—-100 n BoAbl (B 3aBUCUMOCTM OT YPOBHS TPOhHOCTU BogoeMa) npoLie-
XnBanu Yyepes ceTb AnwiteliHa ¢ paamepom sveun 64 mkm. Mpobbl dukecnposanu 40% dopmanmMHom 4o
KOHEYHOW KOHLieHTpaumm B npobe 4% (PykoBoacTso..., 1992). [Insa onpeneneHns TakCOHOMMYECKOTO
cocTaBa W nofgcyeta YMCNEHHOCTM 300M1aHKTOHa Npobbl aHanuampoBanu B kamepe Boroposa (Pyko-
BOACTBO..., 1992). Bcero n3dy4eHo 237 o3ep, otobpaHo n o6paboTtaHo 1775 npo0.

OpHoBpeMeHHO ¢ Npobamu 300MMaHKTOHa B TEX XXe TOYKaxX NPOBOAMIM OTOOP Npob BoAbl HA XUMU-
Yyecknin aHanuns. ConeHocTb U BOAOPOAHbIN NokasaTenb U3MepPSv C MOMOLLbIO NOPTaTUBHOMO MOHOCE-
nektuBHoro koHayktomeTpa AHNOH 4120 (Poccus). iamepeHne cogepkaHusa pacTBOPEHHOrO KUCHO-
poda O4HOBPEMEHHO C U3MepeHueM Temnepartypbl NPOBOAMMAM C NMOMOLLLIO aHanusatopa MAPK-302
(Poccus).

XvMunyeckne aHanuabl NPo6 BoAbl BbIMOMHANN NO eANHLIM METOAMKAM B aKKpeaUTOBaHHbIX Nabo-
patopusx Xumuko-aHanuTtudeckoro ueHtpa MB3M CO PAH, ©I'Y «BepxHeObbpernoHBoaxo3», MHCTK-
TyTa reonorum n muHepanoruv CO PAH n UHctutyTa katanmsa CO PAH.

VMcnonb3oBaH MeToa onpeaeneHnsa onTMMyMOB 1 NpeaernioB ToNepaHTHOCTU, NPeanoXeHHbIN B pa-
6ote C. terBraak (1985). [Insa BbluucneHns ontumymMa chaktopa cpefbl peKOMEHAOBAHO NMPUMEHEHME
dopmynbi:

Wopt= Zin (Aix Si) / ZinAi
rae W, — onTumareHbIi Anst AAaHHOTO KOHKPETHOTO BWAa nokasatenb chaktopa cpedbl, A, — Y1CeH-
HOCTb KOHKPETHOTrO B1a B TOYKeE i, S, — 3Ha4YeHne dhaktopa B TOYKE i, N — 4nCro Npob, B KOTOPbLIX BCTpe-
YeH [JaHHbIN BUA.
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IpaHuWLbl TONEePaHTHOCTM pacCyYnTaHbl Kak CTaHAAPTHOE OTKITOHEHWE CpeaHEB3BELLEHHON YMCIEH-
HOCTM BMaa. Bce nepeuncneHHble nokasaTenu BbIMUCTISANIUCE TONMbKO Arst BUOOB, BCTPEYEHHbIX Oonee
yem B 10 13 237 o3ep.

Pe3ynbTratbl n o6cy)kgeHue

MpupogHble MUHEpann3oBaHHbIE 03epa C BbICOKMMU 3Ha4YeHUsiMU pH BbI3bIBAOT MHTEPEC Ucchne-
JoBaTenen Bo BceM Mupe. Bce aBTOpbl NpUXOOAT K BbIBOAY, YTO COMEHOCTb U ypoBeHb pH crniyxar
BaXKHbIMW (haKTOpamMu, B 3HAYUTENBHOM CTEMNEHU ONPEAENSIOLLMMM COCTaB 1 0BUIMe 300MNNaHKTOHHbIX
coobuecTts (banywkuHa u ap., 2009; 3agepees u ap., 2021; Jlasapesa, 1994, 1996; Xne6osuy, 1971,
1974; Hammer, 1986). OgHako KonnyecTBeHHasi OLeHKa CTeNeHn BO3LAENCTBUS YPOBHS COMEHOCTU U
pH Ha yMcneHHOCTb OTAEeNbHbLIX BUAOB B NMPUPOAHBLIX YCMOBUSX, Kak NpaBumo, NPoBOAMTCA ANns OT-
OenbHbIX BOAOEMOB U B pasnMyHbIX paboTax BapbUPYET B OYEHb LUMPOKUX Npeaenax, YTo 3aTpyaHseT
conocTaBneHne NpMBOAUMbIX NokasaTenein. MNpn 06cyXaeHn BNUSHUS CONEHOCTU, akTUBHOW peakuun
BOAbl 1 ApYrux pakTopoB Ha OTAerNbHbIE BUAbl 300MNMIaHKTOHa YacTo YNOMUHAKTCS JOCTAaTOYHO XKeCT-
Kve rpaHuubl nx BCTpedaeMocTu, 6e3 yTouYHeHMs permoHarnbHbix ocobeHHocTeln. B ycnoeusix 3anagHom
Cwnbunpu nogobHble KONMMYECTBEHHbIE OLEHKM ANA Manbix 0o3ep eanHudHbl (BecHuHa, 2003; 3apepees
n ap., 2021; Kosnos u ap., 2018).

B psge knaccuyeckmx paboT ykasaHbl rpaHuLLbl CONEHOCTU, B KOTOPbLIX MOTYT CyLLEeCTBOBaTL T€ UMK
MHble BuAbl. CornacHo psgy nUMTepaTypHbIX AaHHbIX NPEAEN CONeHOCTU, HanpuMep, Ans 0onbnHCTBa
BECMNOHOMMX pakoobpasHbix coctaenset 20 r/n (Xnebosuy, 1971, 1974; Hammer, 1986). 13 paboT, Hau-
Hbonee GnMM3kMX NO LENAM K Halemy muccrniegoBaHuio, oTMeTuM paboty Q. Lin ¢ coastopamu (2017),
KOTOpble NpoaHanu3MpoBanu rpaHuLbl ranoTonepaHTHOCTK Ans 53 BUAOB 300MNaHKToHa B 45 o3epax
TunbeTckoro Haropbsi B rpagueHTte coneHoct ot 0.1 go 76.0 r/n. N3 Hux 30 BnaoB SBNSOTCA 00LUMM
C pervoHarbHbIM TaKCOHOMMYECKUM CMMCKOM 300MNMaHKToHa tora 3anagHon Cnbvipu. Mpu aTom B 03e-
pax TubeTckoro Haropbsi GOMbLUMHCTBO BETBMCTOYCbIX PakoobpasHbIX HE BCTpeYaeTcs Npu MUHepa-
nmnsaumu Bbiwwe 5 r/n, BECNoHorne orpaHudeHsl coneHocTbio 15 r/n (Arctodiapomus salinus — 20 r/n;
Metadiaptomus asiaticus — 26 r/n), konoBpaTKku BCTpe4anuch B guanasoHe coneHoctu 0o 45 r/n.

ConeHocTb B nccnenoBaHHbIX HamMu o3epax Bapbupoana ot 0.01 go 67.88 r/n, nokasatenu pH — ot
6.3 0o 9.96, cogepxaHue pacTBopeHHoro kucrnopoga — ot 3 go 13 mr/gm® (Tabn. 1). Takke B LUMPOKKX
npeaenax BapbypoBasiv KOHLEHTPaUWm OTAENbHbIX UOHOB (rmaBHbIM obpasom, HCO,~, CI, SO,*, Ca*,
Mg?* Na*, K*) n nx goneBoe cooTHoLleHne. Takue ycnosms NO3BONUN pacLUMpUTL HaLLM NPeLCcTaBne-
HUs1 00 YPOBHSIX ranoToNepaHTHOCTM psifa NNaHKTOHHbIX OPraHM3MOB.

B pesynbraTte Halmx nccnegoBaHuin yctaHoBneHo, YTo 6onbwmHeTBo Cladocera un Rotifera B ycro-
BMAX Manbix 03ep tora 3anagHorn Cubupm He BbloepXKMBatOT CONeEHOCTb Bbilwe 5 r/n (Tabn. 2); 3HavyeHus
ONTUMYMOB NPKU STOM pacrnonaralTcs eLLe HUXe.

/3 konoBpaToK CaMblii LLMPOKWIA AManasoH 0buTaHmnsi B 3aBUCUMOCTM OT CONEHOCTU NPOAEMOHCTPU-
poBanu konospatku Brachionus plicatilis, Brachionus asplanchnoides v Brachionus urceus. 113 Bnaos,
npeanoYnTaloLLmnX NOBbILLEHHbIN YPOBEHb CONEHOCTU, crieqyeT oTMeTUTb Hexarthra mira (onTUMyMm co-
nexoctn 9.7 r/n) n Hexarthra fennica (onTumym coneHoctu 22.3 r/n) npu Tom, 4To 06a yka3aHHbIX Buaa
BMOJIHE YCMELIHO XUBYT U pa3MHOXaloTCsl B 6oree NpecHbIX BoAOEMaX.

Ona Daphnia magna BepxHas rpaHuLia ranotonepaHTHOCT coctasuna 18.5 r/n. MNpu aTom makcu-
ManbHasa YNCNEeHHOCTb Buaa ukcupoBanack npu coneHoctu B panioHe 4.0-5.0 r/n. OgHako ypoBeHb
coneHocTu Beilwe 5.0 r/n He okasancs netanbHeIM. B 03epax gaxe Ha KpanHel BepxHel rpaHuLe obHa-
PY>XeHWs Buaa 3aperucTpupoBaHbl NapTEHOrEHETUYECKME CaMKKM C anuaMu u ambproHamn. Hambonb-
LUYI0 CTeneHb ranoTonepaHTHOCTU U3 BETBMCTOYChIX NpoaeMoHcTpupoBana Moina mongolica. B pspe
COreHbIX 03ep OHa 3a4yacTyto obpasoBbiBana MOHOOOMUHAHTHOE COOBLLECTBO.

W3 npeactaesuteneit otp. Cyclopoida ypoBeHb coneHocTu Beiwe 5.0 r/n BblaepXmBatoT TONbKO 6 BU-
OB, OIHAKO ONTMMYMbIl Y BOMbLIMHCTBA BUAOB BCE XKE HAXOAATCS 3HA4YUTENbHO Hke. HanbonbLuyto
ranoTonepaHTHOCTb NpoAeMoHcTpupoBan Thermocyclops crassus, a K CONOHOBaTOBOAHbIM BuAaM
MOXHO oTHecTu Apocyclops dengizicus, KOTOpbIA OCTUraeT HanbonbLUEeNn YNCIIEHHOCTU MPU CONEHO-
CTU BblILLE 2 /1.

Y npenctasutenen otp. Calanoida ypoBeHb ranotonepaHTHOCTY 3HAYUTENbHO BbilLe, Kak U MPOLEHT
ranotornepaHTHbIX UK ranogurbHbIX BUAOB. HO eCTb 1 BUAbI, NPUYPOYEHHbIE UCKMIOYUTENBHO K Npec-
HbIM BogoemaM: Arctodiaptomus dudichi, Hemidiaptomus ignatovi, Mixodiaptomus theeli, Heterocope
appendiculata.
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Ta6n. 2. MuHumankHele (Min) 1 MakcumarnbHble (Mmax) nokasareny U pacieTHble Touku ontumymos (W, ) coneHoctn u pH ans
psiAa BMOOB 300MN1aHKTOHA 6GeccTouHbIX 03ep tora 3anagHon Cubupu.

TaKcom ConeHocTb, Mr/n pH

min max Wopt min max WOpt
Rotifera

Anuraeopsis fissa (Gosse, 1851) 296 8720 1794 7.09 9.89 8.37
Asplanchna priodonta Gosse, 1850 94 3640 807 6.59 9.61 8.29
Asplanchna herricki de Guerne, 1888 80 10320 7693 6.30 9.61 8.36
Brachionus angularis Gosse, 1851 203 5920 1309 7.00 9.68 8.5
Brachionus angularis bidens Plate, 1886 526 3066 1849 7.26 9.10 8.00
Brachionus asplanchnoides Charin, 1947 751 269700 13778 7.75 9.21 8.68
Brachionus calyciflorus Pallas, 1766 230 22236 2407 712 9.60 8.10
Brachionus diversicornis (Daday, 1883) 230 719 412 712 855 7.59
Brachionus quadridentatus Hermann, 1783 160 2630 2433 6.59 9.30 8.66
Br. quadr. var. ancylognathus Schmarda, 1859 230 15750 1884 6.60 9.57 8.59
Br. quadr. f. brevispinus Ehrenberg, 1832 229 1524 1185 712 947 8.14
Br. quadr. f. cluniorbicularis Skorikov, 1894 177 5920 2944 6.96 9.57 9.05
Br. quadr. melheni Bar. et Dad., 1894 148 38000 5686 6.60 9.60 8.39
Brachionus leydigii Cohn, 1862 177 3630 534 755 940 8.48
Brachionus plicatilis Muller, 1786 765 69400 20500 7.95 9.83 949
Brachionus urceus (Linnaeus, 1758) 296 269700 56209 7.60 9.57 8.62
Brachionus variabilis Hempel, 1896 260 6940 2065 6.79 9.58 8.86
Cephalodella gibba (Ehrenberg, 1832) 181 3066 936 716 910 8.34
Colurella obtusa (Gosse, 1886) 148 2850 1282 7.16 8.90 8.10
Conochilus unicornis Rousselet, 1892 10 513 161 6.30 9.30 7.60
Euchlanis deflexa Gosse, 1851 160 1843 855 6.59 9.60 8.58
Euchlanis dilatata lucksiana Hauer, 1930 200 3724 800 6.60 944 8.27
Euchlanis dilatata Ehrenberg, 1832 112 5720 846 6.59 9.68 8.59
Euchlanis lyra Hudson, 1886 150 2588 801 755 957 8.76
Euchlanis lyra f. larga Kutikova, 1959 150 1498 636 712 880 8.04
Filinia longiseta (Ehrenberg, 1834) 148 67877 896 710 9.68 8.39
Filinia terminalis maior Colditz, 1924 148 2980 1055 7.13 947 8.51
Filinia terminalis (Plate, 1886) 80 40450 2182 6.30 10.00 8.69
Hexarthra mira (Hudson, 1871) 200 24300 9685 6.60 9.89 8.35
Hexarthra fennica (Levander, 1892) 1820 68500 22281 795 960 9.26
Keratella cochlearis (Gosse, 1851) 10 2980 423 6.30 10.00 8.86
Keratella tecta (Gosse, 1851) 100 3066 467 6.80 968 8.35
Keratella hiemalis Carlin, 1943 177 1010 588 755 865 8.31

Keratella quadrata (Miller, 1786) 94 38000 1262 6.60 10.00 8.52
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TaKcom ConeHocTb, Mr/n pH
min max Wopt min max WOpt
K. quadrata f. dispersa Carlin, 1943 160 69400 2984 7.21 996 8.76
K. quadrata var. longispina (Thiébaud, 1912) 222 3724 1024 825 910 8.32
Keratella valga (Ehrenberg, 1834) 439 3640 1399 7.00 940 8.78
Lecane luna (Mller, 1776) 148 3080 842 6.96 9.17 8.13
Lecane lunaris (Ehrenberg, 1832) 440 1170 968 7.00 9.01 7.60
Lepadella obtusa Wang, 1961 148 5920 960 747 896 8.15
Lepadella ovalis (Miller, 1786) 148 1918 873 712 910 845
Lophocharis oxysternon (Gosse, 1851) 333 3030 1427 7.09 930 8.12
Mytilina mucronata (Miller, 1773) 296 1843 1472 713 930 842
Mytilina ventralis (Ehrenberg, 1832) 148 8850 1411 6.96 890 8.01
Mytilina videns (Levander, 1894) 230 981 835 714 865 8.33
Notholca acuminata (Ehrenberg, 1832) 232 15750 5271 6.96 9.60 8.90
Platyias quadricornis (Ehrenberg, 1832) 218 2005 931 709 947 8.14
Polyarthra dolichoptera Idelson, 1925 200 3090 2030 6.60 866 7.90
Polyarthra euryptera Wierzejski, 1891 210 2630 703 7.09 8.71 7.45
Polyarthra major Burckhard, 1900 10 2588 277 6.30 990 7.59
Polyarthra minor Voigt, 1904 10 3724 285 6.30 944 8.26
Polyarthra remata Skorikov, 1896 103 9239 385 6.80 10.00 8.52
Polyarthra vulgaris Carlin, 1943 100 3066 911 6.80 9.20 8.19
Pompholyx sulcata Hudson, 1885 94 1683 193 726 9.68 8.18
Synchaeta oblonga Ehrenberg, 1832 125 5260 787 6.59 9.30 8.20
Synchaeta pectinata Ehrenberg, 1832 122 5920 811 744 996 8.08
Testudinella patina (Hermann, 1783) 148 8850 1553 6.59 996 8.32
Trichocerca cylindrica (Imhof, 1891) 10 894 201 6.30 8.86 7.24
Trichocerca capucina (Wierz. & Zach., 1893) 10 2588 291 6.30 9.31 712
Trichocerca elongata (Gosse, 1886) 160 2588 636 6.59 990 8.24
Trichocerca similis (Wierzejski, 1893) 10 965 247 6.30 10.00 7.70
Trichotria truncata (Whitelegge, 1889) 148 15750 603 6.59 910 7.21

Cladocera

Acroperus harpae (Baird, 1834) 94 400 249 6.59 953 7.81
Alona (Biapertura) affinis (Leydig, 1860) 122 3724 1442 659 996 8.15
Alona intermedia Sars, 1862 94 1053 588 6.59 996 8.36
Alona (Coronatella) rectangula (G.O. Sars, 1862) 203 15750 6380 7.13 9.68 8.41
Bosmina longirostris (O.F. Muller, 1785) 94 5531 460 6.96 9.61 8.08
Bythotrephes longimanus Leydig, 1860 290 2588 774 8.30 10.00 8.43
Bythotrephes cederstréemi Schodler, 1863 177 1483 508 755 9.00 8.05

Ceriodaphnia quadrangula (O.F. Miller, 1785) 10 8850 968 6.30 9.96 8.37
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TaKcom ConeHocTb, Mr/n pH
min max Wopt min max WOpt
Ceriodaphnia reticulata (Jurine, 1820) 181 24200 2508 7.13 9.17 8.88
Chydorus sphaericus (O.F. Miller, 1776) 10 8850 1091 650 9.96 848
Chydorus ovalis Kurz, 1874 94 10320 872 6.59 996 7.89
Ctenodaphnia carinata King, 1853 1399 18455 4334 8.38 9.89 8.80
Ctenodaphnia magna Straus, 1820 587 18455 4438 820 9.89 8.78
Daphnia cucullata G.O. Sars, 1862 94 7200 8123 6.96 996 8.94
Daphnia longispina (O.F. Muller, 1776) 80 3724 8696 6.30 10.00 8.40
Daphnia pulex Leydig, 1860 10 24200 1014 6.30 10.00 8.06
Diaphanosoma brachyurum (Liévin, 1848) 10 3090 1482 6.30 9.61 8.14
Disparalona rostrata (Koch, 1841) 10 860 294 6.30 880 7.81
Eubosmina coregoni Baird, 1857 10 1200 555 6.30 9.10 8.07
Eurycercus lamellatus (O.F. Mller, 1776) 94 2588 230 6.59 9.61 7.48
Graptoleberis testudinaria (Fischer, 1851) 94 2007 587 660 996 7.69
Holopedium gibberum Zaddach, 1855 10 100 99 620 6.80 6.59
Lathonura rectirostris (O.F. Muller, 1785) 434 10320 5750 710 9.82 8.49
Leptodora kindti (Focke, 1844) 100 3066 820 6.80 10.00 8.19
Moina brachiata (Jurine, 1820) 150 2980 2727 912 7.87 9.05
Moina mongolica Daday, 1901 800 67877 22240 7.75 9.89 9.18
Peracantha truncata (O.F. Miller, 1785) 112 840 181 6.60 9.31 7.77
Polyphemus pediculus (Linnaeus, 1761) 94 8850 785 6.60 9.61 8.45
Sida crystallina (O.F. Miiller, 1776) 125 2731 480 6.60 944 875
Simocephalus vetulus (O.F. Miller, 1776) 94 5200 1794 659 9.96 8.91
Scapholeberis mucronata (O.F. Muller, 1776) 203 24200 1565 6.60 917 7.72

Copepoda

Acanthocyclops vernalis (Fischer, 1853) 80 1918 550 6.30 930 7.27
Apocyclops dengizicus (Lepeshkin, 1900) 571 9239 2074 7.58 9.60 8.84
Cryptocyclops bicolor (Sars G.O., 1863) 94 951 238 709 996 823
Cyclops furcifer Claus, 1857 232 3066 1038 8.00 9.30 8.75
Cyclops kolensis Lillieborg, 1901 10 8050 1294 650 9.96 8.59
Cyclops scutifer Sars G.O., 1863 10 3640 184 6.30 9.10 6.90
Cyclops strenuus Fischer, 1851 80 3640 1033 6.30 947 843
Cyclops vicinus Uljanin, 1875 230 2870 681 7.09 947 9.02
Eucyclops macruroides (Lillieborg, 1901) 94 2005 1300 6.79 9.61 8.12
Eucyclops serrulatus (Fischer, 1851) 103 2007 857 6.80 944 8.25
E. serrulatus proximus (Lillieborg, 1901) 148 1928 225 714  8.60 7.73
E. serrulatus speratus (Lillieborg. 1901) 160 1330 590 6.50 7.80 7.21

Macrocyclops albidus (Jurine, 1820) 112 3300 1067 6.80 9.31 8.54
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Takcon ConeHocTb, Mr/n pH
min max Wopt min max WOpt
Macrocyclops fuscus (Jurine, 1820) 160 1434 1108 6.59 8.65 8.41
Megacyclops gigas (Claus, 1857) 10 8850 1613 650 9.30 8.56
Megacyclops viridis (Jurine, 1820) 160 15750 1704 6.59 9.89 8.60
Mesocyclops leuckarti (Claus, 1857) 10 3640 752 6.50 10.00 8.64
Paracyclops fimbriatus (Fischer, 1853) 94 10320 1333 6.59 9.89 8.61
P. fimbriatus abnobensis Kiefer, 1929 229 1691 1075 6.96 865 8.04
Thermocyclops crassus (Fischer, 1853) 94 24200 2085 7.35 996 8.7
Thermocyclops dybowskii (Landé, 1890) 103 2870 1472 6.60 8.81 8.72
Thermocyclops oithonoides (G.O. Sars, 1863) 10 3300 1009 6.30 10.00 8.68
Acanthodiaptomus denticornis Wierz. 103 38000 3249 6.60 9.96 8.68
Arctodiaptomus acutilobatus (G.O. Sars, 1903) 290 24200 2752 840 10.00 8.84
Arctodiaptomus dentifer (Smirnov, 1928) 94 29145 3551 7.35 9.61 8.77
Arctodiaptomus salinus (Daday, 1885) 333 36900 7205 790 9.12 8.75
Eudiaptomus gracilis (G.O. Sars, 1863) 112 24300 2224 6.79 9.68 8.36
Eudiaptomus graciloides Lillieborg, 1888 123 69400 1745 6.60 996 8.67
Eudiaptomus transylvanicus (Daday, 1890) 103 69400 2425 6.80 10.00 8.50
Hemidiaptomus ignatovi G.O. Sars, 1903 300 2587 871 8.20 930 840
Mixodiaptomus theeli (Lilljeborg, 1889) 123 2502 847 747 996 8.20
Neutrodiaptomus incongruens (Poppe, 1888) 378 99800 24100 7.47 9.89 8.81
Heterocope appendiculata G.O. Sars, 1863 125 1010 918 6.80 8.34 8.03

[OnanasoH pH ons 60nblWMHCTBA M3YYeHHbIX BUAOB 300MSIAHKTOHA B YCMOBUAX MarblX 03ep tora
3anagHon Cnbupu B LIEeNoM BeCbMa LUMPOK, a ONTUMYMbI MO BonbLUEN YacTu HaxoaATCca B npeaenax ot
7.5 po 8.5 (Tabn. 2).

Mpu onucaHum aunaHelix 03ep EBponkl n EBponerickon yactu Poccun (Bangbiw, 2002; Jlasapesa,
1994, 1996; Ceupckas, 1991; Fryer, 1980) HeogHOKpaTHO 0BCyxaaeTcs Lenblin psg BUAOB 300MMIaHKTO-
Ha, KOTOopble YNOMUHAKTCA Kak aumpoduneHble. Hanpumep, Scapholeberis mucronata, Polyphemus
pediculus, Alonella nana ykasaHbl Kak TUNWYHbIe obuTatenu kucnbix Bog ¢ pH ot 4.7 po 6.5. Lathonura
rectirostris n Eucyclops serrulatus onucaHbl, kKak TAroTeloLLme K Bogam C NoBbILLEHHON KUCNIOTHOCTbIO OT
3.5 0o 6.0. B 10 e BpeMs B Halumx ncecrnenosaHusx S. mucronata, P. pediculus v A. nana uMeloT Kyaa
bornee WMpoknii gmanasoH rpaxuy pH. [ns o3ep tora 3anagHon Cubupu paccumTaHHbl onTuMmym pH
AN BCcexX Tpex BUOOB HaxoauTcs Bblwe 7.5. E. serrulatus npogemMoHcTpupoBan ontumym npu pH 8.2;
npu pasmaxe yCrioBun cyllectsoBaHus oT 6.8 0o 9.4. L. rectirostris noka obHapy>eHa TONbKo B 3 BO-
Joemax 1 BbiNana u3 cnucka npu pacdeTte NorpaHnUYHbIX YCroBuMA, OOHAKO OTMETUM, YTO B 3TUX Tpex
BojoeMax pH HaxoguTcsa B npeaenax 6.4—7.1.

B pspge nybnukauunm gna osep ¢ pH < 5.3 B kayecTBe AOMUHAHTOB ykasaHbl Diaphanosoma
brachyurum, Holopedium gibberum, Ceriodaphnia quadrangula, Eudiaptomus graciloides, Polyarthra
vulgaris, Conochilus hippocrepis (BaHabiw, 2002; Jlazapesa, 1994, 1996). BmecTe c TeM B OTAENbHbIX
nccneaoBaHUAX, OXBaTbIBaOLLMX psg BOOOEMOB ¢ Bornee LWMPOKMM pasMaxom 3HavyeHun pH, Hanpumep
B PuHnaHamu (Uimonen-Simola and Tolonen, 1987) unu B KaHage (Confer et al., 1983), oTme4deHo, 4TO
MHOrMe M3 3TUX BUOOB MOTYT BXOAUTb B COCTaB AOMWHUPYIOLLIErO KOMMIEKca B 03epax C nokasaTtens-
MU pH, BbIXOAALWMUMM 33 YKa3aHHble Bbille npegensl. CornacHo pesynsraTtam HaluMx UCCrneaoBaHui, B
ycrnoBusax tora 3anagHon Cubupu D. brachyurum gocturana mMakcumManbHOW YNCIIEHHOCTU B 03epax C



Epmonaesa, H.W., 2023. TpaHcgopmayusi akocucmem 6 (3), 105-119. 115

pH 6nuskum k 8.1. C. quadrangula, E. graciloides, P. vulgaris Takke Hanbonee Gnaronony4yHo passu-
Banucek npu pH 8.0-8.5, n Tonbko C. hippocrepis v H. gibberum okasanucb NpuypodeHbl K Bogoemam ¢
pH Huxe 7.0.

B EBpo-ApkTnyeckom pernoHe Heterocope appendiculata Gbin oTMeYeH TOMbKO B BogoeMax C
pH > 7.0 (BaHabiw, 2002). B ycnosusx tora 3anagHon Cnbupn H. appendiculata coctaBnsieT ocHOBY
nonynsumMM 300MIaHKTOHa B psfe TaeXHblX 03ep B 3MMHee Bpems npu pH , coctaensiowem 6.4-6.6.

Mpn aHanu3e NorpaHUYHbIX YCNOBUIA CYLLECTBOBAHWUS KaXOOro BuAa HEMb3si OrpaHn4MBaThbCs Ka-
KMM-nnbo ogHMM napameTpom. [ns Toro xe H. appendiculata onTuManbHbIM SBASIETCS HU3KUIA YPOBEHb
COIeHOCTU B COMETaHUM C MNOBbLIWEHHLIMKU NokasaTenamu pH, M. mongolica npegnovvTaeT coneHble
Leno4Hble Boabl 1 T.4. (Tabn. 2).

OKCTpemarnbHble 3Ha4eHUs1 O4HOro U3 hakTOpPOB BeAyT K NOBLILLEHWIO Npeaena TonepaHTHOCTM No
apyrum daktopaM. Tak, OTMETUM, YTO Ans 03ep tora 3anagHon Cubupm otmedaercst adppekT, paHee
onucaHHbin E.B. BanywkuHon ¢ coasTopamu ans coneHbix o3ep Kpeima (2009): npu ogHOBpEMEHHOM
pocte pH 1 coneHocTn NoBbILWEHNE LLENOYHOCTU KOMMEHCUPYET OTpULATENBHOE BIIMSIHUE CONEHOCTMH,
no3BonssA coobLecTBY 300MNMaHKTOHa AOCTUYb Gonee BbICOKMX Nokasatenen pa3Butus, 4em npu pocrte
TOMNBbKO OAHOrO U3 AaHHbIX haKTOpoB cpedbl.

CHwxeHne nnu noBblLLEHNe KOHLEHTpaLMy Noboro Apyroro noHa, TemnepaTypbl, CogepXKaHns Kuc-
nopoga, U3BMeHeHWs B CTPYKTYPE MUKPOBHON NETNN U T.4. TaKKe BHOCAT 3HAYMTENbHLIE NMONpPaBKM B pac-
YeTHble nokasatenu. MNpu N3MeHeHNN Kaknx-nmbo yCroBuii MOXET HabnioaaTbCsl 3HAYUTENBHbIA COBUT
npedepeHayma (KaycdomaH, 1987). MNMpegensl TonepaHTHOCTU K (OU3NYECKUM YCIIOBUSAM Cpefbl MOryT
3HAYUTENBHO NBMEHATLCS MO BNUSHMEM BUOTUYECKNX CBA3EN (HANUYMSA XULLHUKOB, MEXBUAOBOW KOH-
KYPEHUUN, NCHE3HOBEHMS OOBEKTOB MUTAHMS NPU M3MEHEHUWN BHELLHMX YCNoBun 1 ap.). Noatomy no-
NyYeHHble HaMW OaHHbIE MOTYT CMYXXUTb OPUEHTUPOM Afst TOrO, YTOObI MPeanonoXnTb, Kakue NMMEHHO
BUAbl MOTYT BCTPETUTLCS B TEX UMM UHBIX YCMOBUSAX, HO He SIBMSIKOTCSA rapaHTUen UX BCTPEYaeMOCTMU.
Ons npumepa npuBegem rpadvk YNCNEHHOCTN OAHOTO M3 Hanbonee LUMPOKO PacnpoCTPaHEHHbIX BU-
noB Keratella quadrata (Puc. 2). axe B npocTpaHcTBe onTtuManbHon coneHoctu (ot 100 go 3500 mr/n)
MOXHO HabnogaTb MHOXECTBO NUKOB YMCIIEHHOCTU B codeTaHuM ¢ paktamy He obHapyXeHusi Buaa B
cocTaBe coobLlecTBa B TOM UMM MHOM O3epe.

Puc. 2. YncneHHocTb Keratella quadrata B rpagveHTe onTManbHOW ANs Buaa CONEHOCTU.
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3aknoyeHuve

CTpyKkTypa 300MM1aHKTOHHbLIX COOOLLECTB — 3TO pe3dyrnbTaT COBMECTHOIO M O4HOBPEMEHHOIO BO3AEN-
CTBUSI MHOXeCTBa (PakTOpPOB Ha NOKarbHOM YPOBHE B KaXOM OTAENbHO B3ATOM Bogoeme. B pasHbix
pernoHax y 300MMaHKTOHHbIX OpraHn3MoB Y OPMUPYIOTCA pasnuyHble npeaensl ToNnepaHTHOCTU K BO3-
OencTBuio oTaenbHbIX hakTOPOB BHELLHEN cpeabl.

B ycnoBusix 03ep 3aMKHYTOro ctoka Ha tore 3anagHon Cubupu onTumanbHble 3HadeHus pH gns
fOonbLIMHCTBA MacCcOBbIX BMAOB 300MSIAaHKTOHA B OCHOBHOM HaxogaTcsl B AuanasoHe ot 7.5 go 8.5.
BonblwnHcTBo Rotifera, Cladocera u Cyclopoida He BbKMBAKOT Npy YpOBHE COMEHOCTU Bbille 5 r/n, y
npeactaesutenei otp. Calanoida ypoBeHb ranoTonepaHTHOCTM 3Ha4YUTENBLHO Bhile. B To e Bpems pac-
CYUTaAHHbIE rPaHULbl BCTPEYaAeMOCTM N TOUKM SKOMOrMYeCcKoro onTMMymMa Mo Kaxaomy nokasaTento He
SABMNSIHOTCS aOCOMOTHLIMU, NMOCKOMNbKY HE y4UTbIBAOT BCe MHOroobpasve ¢aktopoB, o6ecrnevmBaoLLmnx
pasBuUTUE UMW YrHETEHWE TOr0 UMM MHOTO BUAA.

Cnucok nuTtepaTtypbl

BanywkwuHa, E.B., lN'ony6kos, C.M., lony6bkos, M.C., Juteunuyk, J1.®., WagpwH, H.B., 2009. BnnsHue
abunoTmyecknx n BUOTUYECKNX PakTOPOB HA CTPYKTYPHO—DYHKLIMOHASBHYHO OpraHn3aLmio 3KOCUCTEM
coneHbix 03ep Kpbima. XKypHan obwel 6uonoeuu 70 (6), 504-514.

Bangpiw, O.U., 2002. BnusiHne 3akucneHnst Ha 300MfaHKTOHHbIE COODLLIECTBA ManblX 03ep ropHOM
TyHAOPbI (Ha Nnpumepe EBpo-ApkTudeckoro pernoHa). BooHele pecypcbi 29 (5), 602—609.

BecHuHa, J1.B., 2003. CtpykTypa M YHKLUMOHMPOBAHNE 300MMAHKTOHHbLIX COOOLLECTB O03€pHbIX
akocuctem tora 3anagHon Cubuvpu. [uccepmayusi Ha couckaHue y4deHoU cmerneHu OoKmopa
buornoauyeckux Hayk. BapHayn, Poccus, 308 c.

Epmonaesa, H.U., 2021. ®akTopbl NpPOCTPAHCTBEHHO-BPEMEHHOW OpraHusauum coobLiecTs
300MaHKTOHa 03ep tora 3anagHon Cnbvpu. [Juccepmauyus Ha couckaHue y4eHou cmerneHu OoKmopa
buornoauyeckux Hayk. HoBocubunpck, Poccus, 462 c.

Epmonaesa, H.U., 3apybuHa, E.1O., BaxeHosa, O.l1., [BypeyeHckasn, C.A., Muxannos, B.B., 2019.
BnusiHne abuotmyeckmx u Tpodmyeckmx pakToOpoB Ha CYTOYHYIO FOPWU3OHTamNbHY MUrpauuto
300MaHKTOHa B NTopansHon 3oHe HoBocMGupckoro Bogoxpanunuila. buonoaust 8HympeHHUX 800
4 (1), 50-59. http://www.doi.org/10.1134/S0320965219040053

3apepees, E.C., Jpo6otos, A.B., Tonomees, A.MN., Aunwenko, O.B., Enruna, O.E., Konmakosa, AA.,
2021. BnusiHie CONEHOCTU M OMOreHHOW Harpyskum Ha 3KOCUCTEMbI psiga o3ep tora Cubupw.
XKypHan Cubupckozo gpedepanbHo20 yHuUgsepcumema. buonoeus 14 (2), 133—153. http://www.doi.
org/10.17516/1997-1389-0343

3anagHas Cubups, 1963. Puxtep, I'A. (pea.). 3gatenbctBo AH CCCP, Mockea, CCCP, 488 c.

3paHoBuy, B.B., KpukcyHos, E.A., 2004. Tugpobuonornst n obLias aKororus: crioBapb TEPMUHOB.
Ipodba, Mockea, Poccus, 192 c.

KaydpmaH, B.3., 1987. MNMpedepeHTHOE NoBeAeHNE HEKOTOPbLIX MOPOOMOHTOB NPY U3MEHEHUN cpeabl
obutaHus. Mudpobuonoeudeckull xypHan 23 (6), 66—70.

Kosnos, O.B., Apuwesckun, C.B., Apwesckasn, O.B., lNasneHko, A.B., 2018. [umnepranuHHbIf
NMMHONMNAHKTOH toro-3anaga 3anagHo-Cubupckorn paBHuUHbL. Mamepuarnsi 1l MexdyHapoOHou
KoHbepeHuuu «AkmyarbHble rnpobnemsi niaHkmoHonoauux. KanuHudrpaa, Poccns, 104-107.

NasapeBa, B.N., 1994. TpaHchopmaums coobLUecTB 300MMaHKTOHa MarbiX 03ep Mpu 3aKUCHEHUMN.
B: Komos, B.T. (pea.), Cmpykmypa u ¢hyHKUUOHUpOBaHUE 3KocucmeM ayudHbix o3ep. Hayka, CaHkT-
Metepbypr, Poccusa, 150-169.



Epmonaesa, H.W., 2023. TpaHcgopmayusi akocucmem 6 (3), 105-119. 117

JTazapesa, B.N., 1996. 3oonnaHkToH Manbix o3ep HOxHon Kapenun npu pasnnyHom ypoBHe pH u
rymudpmkaumnn. Skomnoaust 27 (1), 33-39.

PykoBoacTBO Nno rugpobrnonornyeckomy MOHUTOPUHIY MPECHOBOAHLIX 3kocucteM, 1992. ABakymos, B.A.
(pep.). Tmoppometeomnsnar, CaHkT-IMeTepbypr, Poccus, 319 c.

Ceupckasi, H.J1., 1991. Mogudurkaumm 300NNaHKTOHHbLIX COOOLLECTB B YCIOBUSAX @HTPOMOreHHOro
3akucneHus. TpyOdbi MexdyHapodHo20 cumnosuyma «3IKornoaudeckue mMolughukayuu u Kpumepuu
3K0J102U4ECKO20 HopMUposaHusi». TnapomeTteonsaar, JleHnHrpag, CCCP, 137-143.

Xneb6osuy, B.B., 1971. OcobeHHOCTM cocTaBa BOAHOW (hayHbl B 3aBUCUMOCTU OT CONEHOCTU cpegbl.
XKypHan obwel 6uonoauu 23 (2), 90-97.

Xneb6osuy, B.B., 1974. Kputuueckass coneHocTb Guonormyeckmx npoueccoB. Hayka, JleHuHrpag,
CCCP, 236 c.

Brett, M.T., 1989. Zooplankton communities and acidification process (a review). Water, Air, & Soil
Pollution 44, 387—414. http://www.doi.org/10.1007/BF00279267

Confer, J.L., Kaaret, T., Likens, G.E., 1983. Zooplankton diversity and biomass in recently acidified
lakes. Canadian Journal of Fisheries and Aquatic Sciences 21, 36—42.

Fryer, G., 1980. Acidity and species diversity in freshwater crustacean faunas. Freshwater Biology 10
(1), 41-45. http://www.doi.org/10.1111/j.1365-2427.1980.tb01178.x

Hammer, U.T., 1986. Saline lake ecosystems of the world. Springer Dordrecht, Boston, USA, 616 p.

Havens, K.E., Hanazato, T., 1993. Zooplankton community responses to chemical stressors: a
comparison of results from acidification and pesticide contamination research. Environmental
Pollution 82, 277-288. http://www.doi.org/10.1016/0269-7491(93)90130-G

Lin, Q., Xu, L., Hou, J., Liu, Z., Jeppesen, E., Han, B.P., 2017. Responses of trophic structure and
zooplankton community to salinity and temperature in Tibetan lakes: implication for the effect of
climate warming. Water Research 124, 618-629. http://www.doi.org/10.1016/j.watres.2017.07.078

Marmorek, D.R., Korman, J., 1993. The use of zooplankton in a biomonitoring program to detect lake
acidification and recovery. Water, Air, & Soil Pollution 69 (3—4), 223-241. http://www.doi.org/10.1007/
BF00478160

Shelford, V.E., 1913. Animal communities in temperate America, as illustrated in the Chicago Region; a
study in animal ecology. The Geographic Society of Chicago. Bulletin 5, 1-362.

Sterner, R.W., Elser, J.J., Vitousek, P., 2002. Ecological stoichiometry: the biology of elements from
molecules to the biosphere. Princeton university, Princeton, UK, 440 p.

terBraak, C.J.F., 1985. Correspondence analysis of incidence and abundance data: properties in terms
of a unimodal response model. Biometrics 41, 859-873. http://www.doi.org/10.2307/2530959

Uimonen-Simola, P., Tolonen, K., 1987. Effects of recent acidification on Cladocera in small clear-water
lakes studied by means of sedimentary remains. Hydrobiologia 145, 343-351.

References

Balushkina, E.V., Golubkov, S.M., Golubkov, M.S., Litvinchuk, L.F., Shadrin, N.V., 2009. Vliyanie
abioticheskikh i bioticheskikh faktorov na strukturno-funkcional’nuyu organizatsyiyu ekosistem
solenykh ozyur Kryma [Influence of abiotic and biotic factors on the structural and functional



118 Epmonaesa, H.W., 2023. TpaHcgopmayusi akocucmem 6 (3), 105-119.

organization of ecosystems of salt lakes of the Crimea)]. Zhurnal obshchej biologii [Biology Bulletin
Reviews] 70 (6), 504—-514. (In Russian).

Brett, M.T., 1989. Zooplankton communities and acidification process (a review). Water, Air, & Soil
Pollution 44, 387—414. http://www.doi.org/10.1007/BF00279267

Confer, J.L., Kaaret, T., Likens, G.E., 1983. Zooplankton diversity and biomass in recently acidified
lakes. Canadian Journal of Fisheries and Aquatic Sciences 21, 36—42.

Ermolaeva, N.l., 2021. Faktory prostranstvenno-vremennoy organizatsii soobshchestv zooplanktona
ozyor yuga Zapadnoy Sibiri [Factors of spatiotemporal organization of zooplankton communities in
lakes in the south of Western Siberia]. Doctor of Science in Biology thesis. Novosibirsk, Russia,
462 p. (In Russian).

Ermolaeva, N.l., Zarubina, E.Yu., Bazhenova, O.P., Dvurechenskaya, S.Yu., Mikhailov, V.V., 2019.
Influence of abiotic and trophic factors on the daily horizontal migration of zooplankton in the littoral
zone of the Novosibirsk reservoir. Inland Water Biology 4 (1), 418—427. http://www.doi.org/10.1134/
$1995082919030052

Fryer, G., 1980. Acidity and species diversity in freshwater crustacean faunas. Freshwater Biology 10
(1), 41-45. http://www.doi.org/10.1111/j.1365-2427.1980.tb01178.x

Hammer, U.T., 1986. Saline lake ecosystems of the world. Springer Dordrecht, Boston, USA, 616 p.

Havens, K.E., Hanazato, T., 1993. Zooplankton community responses to chemical stressors: a
comparison of results from acidification and pesticide contamination research. Environmental
Pollution 82, 277-288. http://www.doi.org/10.1016/0269-7491(93)90130-G

Kaufman, B.Z., 1987. Preferentnoe povedenie nekotorykh gidrobiontov pri izmenenii sredy obitaniya
[Preferential behavior of some aquatic organisms under changing habitats]. Gidrobiologicheskij
zhurnal [Hydrobiological Journal] 23 (6), 66—70. (In Russian).

Khlebovich, V.V., 1971. Osobennosti sostava vodnoy fauny v zavisimosti ot solenosti sredy [Features
of the aquatic fauna composition depending on salinity in the environment]. Zhurnal obshchej biologii
[Biology Bulletin Reviews] 23 (2), 90-97. (In Russian).

Khlebovich, V.V., 1974. Kriticheskaya solenost’ biologicheskilh protsessov [Critical salinity of biological
processes]. Nauka, Leningrad, USSR, 236 p. (In Russian).

Kozlov, O.V., Arshevsky, S.V., Arshevskaya, O.V., Pavlenko, A.V., 2018. Gipergalinnyi limnoplankton
yugo-zapada Zapadno-Sibirskoy ravniny [Hyperhaline limnoplankton of the southwest of the West
Siberian Plain]. Materialy Ill Mezhdunarodnoy konferentsii “Aktual’nye problemy planktonologii”
[Proceedings of the Il International Conference “Actual problems of planktonology’]. Kaliningrad,
Russia, 104-107. (In Russian).

Lazareva, V.., 1994. Transformasiya soobshchestv zooplanktona malykh ozyor pri zakislenii
[Transformation of zooplankton communities in small lakes during acidification]. In: Komov, V.T. (ed.),
Struktura i funktsionirovanie ekosistem acidnykh ozer [Structure and functioning of ecosystems of
acid lakes]. Nauka, St. Petersburg, Russia, 150-169. (In Russian).

Lazareva, V.., 1996. Zooplankton in small lakes of southern Karelia at different levels of pH and
humification. Russian Journal of Ecology 27 (1), 30-36.

Lin, Q., Xu, L., Hou, J., Liu, Z., Jeppesen, E., Han, B.P., 2017. Responses of trophic structure and
zooplankton community to salinity and temperature in Tibetan lakes: implication for the effect of
climate warming. Water Research 124, 618-629. http://www.doi.org/10.1016/j.watres.2017.07.078



Epmonaesa, H.W., 2023. TpaHcgopmayusi akocucmem 6 (3), 105-119. 119

Marmorek, D.R., Korman, J., 1993. The use of zooplankton in a biomonitoring program to detect lake
acidification and recovery. Water, Air, & Soil Pollution 69 (3—4), 223-241. http://www.doi.org/10.1007/
BF00478160

Rukovodstvo po gidrobiologicheskomu monitoringu presnovodnykh ekosistem [Guidelines for
hydrobiological monitoring of freshwater ecosystems], 1992. Abakumov, V.A. (ed.). Gidrometeoizdat,
St. Petersburg, Russia, 319 p. (In Russian).

Shelford, V.E., 1913. Animal communities in temperate America, as illustrated in the Chicago Region; a
study in animal ecology. The Geographic Society of Chicago. Bulletin 5, 1-362.

Sterner, R.W., Elser, J.J., Vitousek, P., 2002. Ecological stoichiometry: the biology of elements from
molecules to the biosphere. Princeton university, Princeton, UK, 440 p.

Svirskaya, N.L., 1991. Modifikatsii zooplanktonnykh soobshchestv v usloviyakh antropogennogo
zakisleniya [Modifications of zooplankton communities under conditions of anthropogenic acidification].
Trudy Mezhdunarodnogo simpoziuma “Ekologicheskie modifikatsii i Kriterii ekologicheskogo
normirovaniya” [Proceedings of the International Symposium “Environmental Modifications and
Criteria for Ecological Regulation”]. Gidrometeoizdat, Leningrad, Russia, 137—-143. (In Russian).

terBraak, C.J.F., 1985. Correspondence analysis of incidence and abundance data: properties in terms
of a unimodal response model. Biometrics 41, 859-873. http://www.doi.org/10.2307/2530959

Uimonen-Simola, P., Tolonen, K., 1987. Effects of recent acidification on Cladocera in small clear-water
lakes studied by means of sedimentary remains. Hydrobiologia 145, 343-351.

Vandysh, O.l., 2002. Vliyanie zakisleniya na zooplanktonnye soobshchestva malykh ozyor gornoi
tundry (na primere Evro-Arkticheskogo regiona) [Acidification effect on the zooplankton communities
of small lakes in the mountain tundra (by the example of the Euro-Arctic region)]. Vodnye resursy
[Water Resources] 29 (5), 602-609. (In Russian).

Vesnina, L.V., 2003. Struktura i funktsionirovanie zooplanktonnykh soobshchestv ozernykh ekosistem
yuga Zapadnoy Sibiri [Structure and functioning of zooplankton communities in lake ecosystems
in the south of Western Siberia). Doctor of Science in Biology thesis. Barnaul, Russia, 308 p. (In
Russian).

Zadereeyv, E.S., Drobotov, A.V., Tolomeev, A.P., Anishchenko, O.V,, Yolgina, O.E., Kolmakova, A.A.,
2021. The effect of salinity and nutrient load on the ecosystems of selected lakes in the south of Siberia.
Journal of Siberian Federal University. Biology 14 (2), 133—153. http://www.doi.org/10.17516/1997-
1389-0343

Zapadnaya Sibir [Western Siberia], 1963. Richter, G.D. (ed.). Publishing House of the Academy of
Sciences of the USSR, Moscow, USSR, 488 p. (In Russian).

Zdanovich, V.V., Kriksunov, E.A., 2004. Gidrobiologiya i obshchaya ekologiya: slovar’ terminov
[Hydrobiology and general ecology: glossary]. Drofa, Moscow, Russia, 192 p. (In Russian).



	Границы толерантности и экологические оптимумы массовых видов зоопланктона озер юга Западной Сибири
	Введение
	Материалы и методы
	Результаты и обсуждение
	Заключение
	Список литературы
	References


