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KnioyeBble cnoBa: AHHOTaAUMNA:

OHeXxckoe o3epo ,D,J'Iﬂ onncaHna peakunnm BOAHbLIX 3KOCUCTEM Ha BO3MOXXHble
300MJ1IaHKTOH N3MeHeHna KinmMmaTa TpeﬁyETCﬂ nccnenoBaHme (peHOJ'IOI'I/IVI
Ce30HbI coobuwectB. PaHee pns 3o0onaaHkToHa OHEXCKOro o3epa B
}J,I/ICKpVIMI/IHaHTHbIVI aHan3 683ﬂe,EI,HbII7I nepumoa 6b1n BblgesieHbl 4eTbipe ce30Ha, HOo
MeXrogosble kKonebaHus Ce30HHbIe rpaHnUbI Mexay HUMN, npuHUMnNnnanbHO He

Habniopaemble B  03epe, Obuim  0603HavyeHbl  O4YeHb
npubnnsntenbHo. N3BeCTHO, 4TO CTPYKTYpa 300MJaHKTOHa No
ce3oHaM 3aKOHOMEpPHO W3MEeHSAeTCsA, YTO MO03BOJUIO C
MOMOLLBID ANCKPUMUHAHTHOINO aHasm3a Mo YUCJIEHHOCTU W
6nioMacce OCHOBHbIX TpPynAmnm  300MJlaHKTOHa  BbIAENUTb
dopmManbHble MNPU3HAKM CTPYKTYPbl CE30HHbLIX COCTOSHUMN.
Bbinn  onpepeneHbl rpaHuubl Mexnay ce3oHamMu. JIeTHUN
nepuvopn Ana 3oo0nnaHkToHa B OHeXCKoM o3epe pgautca 40
CYyTOK WM COCTOUT M3 [OBYX CE30HHbIX (pa3: paHHe- U
nosgHeneTHen. JleTo He coBmMagaeT C KaJleHOAPHbIM
nepuogom (MoNb - aBrycT), Ha4ynHaeTCsa B MNepBON JeKaje
nionsa (190 cyTok ¢ HavYana roga) n 3akaH4YMBaeTCs B cepeamnHe
aBrycta (230 cyToK).
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BBepeHue

Habniopawwumecs B nocnefHue [AecATUNETUS KauMaTu4eckne KosebaHus BbI3bIBAlOT W3MEHEHUSA
rMAPOJSIOrNYECKOro N TepMUYECKOro pexmnma OHexxckoro osepa (Knumat Kapenuu..., 2004; Efremova et al.,
2013), 4yTo onpeaenseT akTyaJbHOCTb N3y4YeHuns peHonornm nnaHkToHa (Strail, 2000; Thackeray et al., 2010).

3oonaHKTOH OHEe)XCKOro o3epa n3y4yeH AOCTaTO4YHO xopowo. OnncaH ero cocTas, KOJINYECTBEHHbIE U
NPOAYKLMVNOHHO-AECTPYKLNOHHbBIE XapaKTepUcTuku (3oonnaHkToH OHexckoro o3epa, 1971; Kynukosa u ap.,
1997; Cspku, 2008), HO Ce30HHasa AMHaMUKa U 0CObeHHO heHO1I0rns ero NpakTU4YeCckn He nccnenoBaHbl. HYale
BCEro Ce30Hbl aCCOLMMPYIOTCA C KaJleHAapHbIMU MecauaMun, NeTHUM nepuoaoM Ass niaHkToHa B OHEXXCKoM
03epe cYMTaeTCs NioJib - aBrycT. OCHOBHble TPYAHOCTU B U3yYeHUM (heHOo1I0rnm naaHkToHa OHEe)XXCKOoro o3epa:
CJIOXKHOCTb BbISABJIEHWS CE30HHbIX (a3 M HeJOCTAaTOK CEe30HHbIX perynspHbiXx HabnoaeHnin. OaHHas paboTa
ABNAETCA 4acTbio 6onbLoro nccnenoBaHua GeHoNornum sKocncTeMbl OHEXCKOro o03epa, B YaCTHOCTM ero
rnenarn4eckoro rnjaaHKToHa.

N3BeCTHO, 4TO CTPYKTypa CO0BLLECTB M3MEHSETCA B MpoLecce Ce30HHbIX CyKueccui. beino caenaHo
npeanosioXkeHne, 4YTo CTPYKTypa 300MJaHKTOHA N COOTHOLUEHME KOJIMYeCTBa ero OCHOBHbIX Fpynn MoryT
XapakTepun3oBaTb €ro Ce30HHble COCTOAHUSA.

Lenbto Hawen paboTbl 6610 NPOBECTN aHaM3 CE30HHbIX COCTOSHWUIA 300MJAHKTOHa U C MOMOLLbIO
OVCKPYMUHAHTHOIO aHanmsa opmMann3oBaTb XapaKTEPUCTUKM CE30HOB MO ero CTPYKType.
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MaTepuansbl

OcHoBol AN paboTbl ABNAIOTCA pe3yibTaTbl KOMMJIEKCHbIX CbEMOK B LleHTPasibHOM U Fy60KOBOAHbIX
paioHax OHexckoro o3epa ¢ 1989 no 2010 r. (Capkum, KynukoBa, 2011). Ce30HHble HabnwoaeHus
npeacTaBfieHbl €XXEMECAYHbIMU CbeEMKaMUN Ha CTaHUuMK B rlyboKOBOOHOM paioHe C MIOHA No okTs6pb 1989,
1991 n 1993 rr. (15 npo6). B ocTanbHble rogbl NPOBOAMINCE OAHOPA30Bble CbEMKM B pas/iMyHble CPOKU
BereTauMoHHOro nepmnofa. B pabote aHann3npyoTCs AaHHbIE CETHbLIX YJIOBOB 300MaHKTOHa B cnoe 0-5m ¢ 5
CTaHUMM B LEeHTPasbHOM N rnyboKoBOAHONM YacTAX 03epa.

[aHHble 6bl1 OpraHn30BaHbl B MaTPULLY, COCTOALLYIO U3 9 NepeMeHHbIX (YNCNEHHOCTY B ThIC. 3K3./Ky6. M
n 6uomMaccol B r/ky6. M OCHOBHbIX 4 rpynrm 300MJaHKTOHa 1 FPyNNupyloLLen nepeMeHHon) n 55 pagos (AaHHbIe
5 cTaHUM B LeHTpasibHOM 1 rnybokoBoAHOM YacTax o3epa ¢ 1989 no 2010 r.). Mpynnupytowas nepeMeHHas
oTparKkasla Ce30HHbIN Nepuoa: BeCeHHUN, paHHeNeTHUN, NO3AHEeNIeTHUA U OCEHHUN.

Tpap,VIU,VIOHHbIe MeToAbl VICCﬂeJJ,OBaHVIﬁ

B nutepaType ¢eHoNorMs 300MJaHKTOHa OMNWCaHa O4YeHb NpPUBAN3UTENBHO, B JydlleM cay4vae C
TOYHOCTbIO 00 Aekapn (3oonnaHkToH OHeXXckoro o3epa, 1971; Kynukosa n ap., 1997). B 6onblunHcTBe paboTt
Ce30Hbl aCcCOLMMPOBaHbI C KaJieHAapHbIMW CPOKaMu, BCE OCpedHEeHUs U OMUcaHus NeTHero nepuona, Kak
npasnao, NPON3BOAATCA Ha OCHOBE AaHHbIX 3@ WOJb - aBrycT. [lpM 3TOM COBEPLUEHHO HEe Yy4YUTbiBAETCH
ME)XrofoBas N3MEHYMBOCTb TEMMNEPATYPHOro pexxnma n BANSHNE CUHONTUYECKON CUTYyaLnKn, KOTopas MOXeT
CUJIbHO U3MEHATb COCTOAHME NNaHKTOHa.

B OHeXXCKOM 03epe NIeTHMMU CHUTATCA ABa Mecsla (M0Jb U aBrycT), nepuog «bnonorn4yeckoro feta»
C YCTOMNYMBBLIMU TeMMepaTypaMn MOBEPXHOCTHOIO c/10s BoAbl Bbilwe 10 °C Ha4ynHaeTCs B NEPBbIX YNCaX U0
(180 cyTok ¢ Havana roga) n gnntca 90 cyTok (ATnac, 2010).

OpuruHaanble MeToAbl uccnep,osaum“«

PaHee Hamu 6bI10 MOKa3aHO, 4TO B CE30HHOM LMKAE 300MJIaHKTOHa MPOMCXOAMT 3aKOHOMEpHoe
N3MEHEHME ero CTPYKTYpPbl U COOTHOLLEHMA OCHOBHbIX rpynn (Capkun, 2013). OpraHn3mbl TakcoHos (Calanoida,
Cyclopoida, Cladocera n Rotatoria) oTnnyatoTca no ceoen 6uonorum (pasmepam, CKOPOCTU pocTa U
Pa3MHOXEHUS, XXNU3HEHHbIM LUUKAaM, TUNY AUTaHUA U T. A4.), N03TOMY UX 3Ha4YeHne B pa3ax Ce€30HHOro umkKnia
6yneTt pasnuyHbiM. Bbino coenaHo npeanosioXkeHue, 4TO COOTHOLUEHWEe rpynmn 300MJaHKTOHa SABNASeTCHA
XapakKTepHbIM MPU3HAKOM 019 CE30HHOr0 COCTOSHMA M BOCMPOU3BOAMTCA eXerofHo. [na noaTBep>XAeHus
3TOr0 NOJMIOXKEHNSA 1 BbIABNIEHNSA (POPMaIN30BaHHbIX MPU3HAKOB Obl1 UCMOJIb30BaH METOL ANCKPUMUHAHTHOMO
aHanmsa.

Pe3ynbTaTbl AeneHna Ha 4 ce3oHa He yaanocb AocTudb 100 % AUCKpUMUHALMK, TakK Kak CTPYyKTypa
BECEHHEro 1 OCEeHHero NMJjlaHKTOHa OKa3asiacb o4eHb 65m3ka (Tabn. 1). JencTBUTENbHO, U BECHOW, N OCEHbIO
npeobnafann BecnoHorve payku. Ho TemM He MeHee a3bl JieTHero nepuvoga ObinM  yBepeHHo
KnaccngpuumposaHbl Ha 100 %.

Tabnuua 1. KnaccndurkaumoHHas maTpuua*

MpoueHT BecHa PaHHee neto Mo3pHee neTo OceHb

rnpaBuJibHON

KJlaccnpukaumm
BecHa 100 % 21 0 0 0
PaHHee neto 100 % 0 16 0 0
MNo3gHee neTo 100 % 0 10 0
OceHb 37.5% 5 0 0 3
Bcero 90.9 % 26 16 10 3

* Pagbl - Habnogaemble BEMYNHBI, CTONOLbI - nporHosvpyemMas Knaccmpukaums.

Mo TecTy Xxu-kBagpaT ABEe NepBble KOMMNOHEHTHbLIX OCY AOCTOBEPHLI C YPOBHEM 3Ha4YuMocTum p < 0.001.
MepBas ocb CBA3aHa C KOIMHECTBOM KOJIOBPATOK, BTOpas - C BETBUCTOYCbiMUK (Tabn. 2).

Tabnnua 2. Koppenauus nepeMeHHbIX C KAHOHUYECKMMU 0CAMU

Root 1 Root 2
N calanoida 0.25 0.18
N cyclopoida 0.12 0.39
N cladocera 0.19 0.60
N rotatoria 0.47 0.28
B calanoida 0.27 0.30
B cyclopoida 0.15 0.21
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B cladocera 0.08 0.81

B rotatoria 0.50 0.06

BeceHHW N OCEHHWI Nepuoabl O4eHb CXOAHbI. JleTHMEe faHHble 4YeTKO pa3fensTcs Ha ABe da3bl:
paHHe- 1 No3aHeNeTH (puc. 1).

n
*

(%]

| e
-

Puc. 1. PacnpepeneHne faHHbIX B OCAX MePBbIX OBYX KOMMOHEHT. 1 - BeCHa, 2 - paHHee neTo, 3 -
nosaHee neTo, 4 - oCeHb

Fig. 1. Points distribution in the principal components axes. 1 - spring, 2 - early summer, 3 - late
summer, 4 - autumn

Bcero Tpu BENMYMHbI: YNCJIEHHOCTb KOJIOBPaTOK, BroMacchl knafoLep 1 KOJIOBPaToK - AOCTOBEPHLI AN
ONCKPUMUNHAHTHOM (PYHKLMN C BEPOATHOCTLIO p < 0.05.

Tabnuua 3. KoahdnumeHTbl KnacCupmnkaLunoHHON yHKLNN

BecHa PaHHee neto Mo3gHee neto OceHb
N rotatoria 0.00003 0.0013 0.0002 0.00023
B cladocera -0.00181 -0.0361 0.0566 0.00073
B rotatoria 0.00046 0.0447 -0.0057 0.00697
KOHCTaHThbI -1.41686 -24.2238 -13.2016 -3.23923

O6cyxpeHue

AHann3 JaHHbIX MO CTPYKTYpe MoKas3as, Y4TO B 300MJIaHKTOHE CyLeCTBYIOT YCTONYUBbLIE COCTOAHMSA,
CBSI3aHHbIE C Ce30HaMM.

B BeceHHWI nepuon MO 4YUC/EHHOCTU K Buomacce npeobriafaloT BEC/SIOHOrME payvykn - Konenopabl.
KaneHnapHoe neTo (Mionb - aBrycT) BMeLLL@eT BCe YeTbipe ce30Ha. [lepBylo Aekaly nionsa coobLlecTso nmeeTt
BECEHHIOIO CTPYKTYpPY. 3aTeM crelytoT ABa Nnepnoja, MMetoLmne NpoLo/KUTENIbHOCTbL NPUMepPHO 1Mo 20 CyToK 1
pa3nuyalowmecs no CTpykType coobuecTtBa. PaHHeneTHun nepuofn (190-210 cyTok) XapakTepu3lyeTcs
npeobnafaHMeM Kak MO YUCJIEHHOCTMW, Tak 1 no 6buomacce (B CbipOM Bece) KOJIOBpaTOK. B 3ToT nepuon
6brvomacca 300M/1IaHKTOHa BblpacTaeT A0 MaKCMMyMa. Mo34HeNneTHUM uam npocTo neTHui nepuog (210-228
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CYTOK) XapaKTepu3yeTcs NpeBbILIeHNEM KOIMYeCcTBa Kagouep Haf KosoBpaTkamu (puc. 2). Obuime BeanymHbl
300MJIaHKTOHa B 3TOT MEepuoA MJaBHO CHMXalTCA. B cepenuHe aBrycta C Ha4vajloM CWJbHbIX LUTOPMOB
HacTynaeT OCEHHUI Mepuos, KOTOPbIN XapaKTEPU3YeTCs CHUXXEHUEM [0JIN KOJIOBPATOK W Klagouep 3a cyeT
yBE/IMYEHNS POJIN BEC/IOHOrMX paykoB. V13 oceHHero nepuoda coobuiecTBO 300MsaHKTOHa 6e3 peskumx
N3MEHEHW NOCTENeHHO NEPEXOANT B 3UMHEE COCTOSHME.
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Puc. 2. Ce3oHHaa gnHammka rno buomacce (B, Mr-M'3). 1 - BeCHa, 2 - paHHee neTo, 3 - No3aHee neTo, 4 -
oceHb
Fig. 2. Seasonal changes in zooplankton biomass (mg-m=). 1 - spring, 2 - early summer, 3 - late summer,
4 - autumn

PesynbTaTbl aHanm3a MoOryT ObiTb WCMO/b30BaHbl A5 OMNpefesieHUus CEe30HHOro COCTOSHWUSA Mpu
0[HOPa30BbIX CbeMKax B cucteMe 6MOMOHMTOPUHIa OHe)Xckoro o3epa. OCHOBHbIM TpeboBaHMEM K AaHHbIM
ABNIAETCA UX MeToAuyeckoe ogHoobpasune. Hanpumep, npn otbope maTepnasna 6aTomeTpoM COOTHOLLEHNE B
npobe pasmepHbIX pakUUi, a cnefoBaTelbHO, 1 TAKCOHOMUYECKMX FPYMMN OT/INYaeTCa OT TaKOBbIX B CETHbIX
JloBax.

B KpynHbix 3anuBax, lleTpo3aBoAckoM M KOHAOMOXCKOM, OTMEYaeTCss 3aMeTHOe aHTPOoMnoreHHoe
B/UAHME Ha CTPYKTypy 3o0o0mnaaHkToHa (Kynukosa, Csapkwm, 2004; Csapkwn, 2008), noatomy noTtpebyeTcs
aHaJIOrNYHbIN aHaNn3 AN AaHHbIX, JIOKA/IM30BaHHbIX B 3asMBax. MOXXHO NpeanosioxKnTb, YTO MeXroaoBas
M3MEHYMBOCTb B pPalloHaX C aHTPOMOreHHbIM BAMAHMEM ByAEeT Bbille, YeM B LiIeHTPasibHbIX pavioHax o3epa.

3akKkslo4yeHme uim BbiBO A bl

B Ce30HHOM UuuMKNe 300MNaHKTOHa UeHTpasbHON K rnybokoBoAHOM 4YacTen OHEXCKOro o3epa
CYLLECTBYIOT YCTONYMBbLIE CE30HHbLIE COCTOSIHWUS, KOTOPbIE MOTYT BbITb ONpeaesieHbl Mo CTPYKTYPE, B YAaCTHOCTM
MO COOTHOLUEHUIO KOJIMYECTBEHHbIX MNOKa3aTeNel 0CHOBHbLIX TaKCOHOMUYECKUX TPy,

JleTHUIn neprod Ana 300nJaHKToOHa OHEXCKOro o3epa COCTOUT M3 ABYX (ha3 U AamTcs B cpefHem 40
CYTOK, He COBMagas C KaneH4apHbIM 1 «6M0N0rMYecknM» feToM. B cuny MHEpPTHOCTM BOAHbLIX MAacC KPYMHOro
OHEe)XCKOro 03epa MeXrofoBas U3MeH4YMBOCTb CPOKOB NMEPEXOA0B MEXY CE30HAMMN HEBENIMKA U NEPEXOAHbIe
rnepvoabl HEMNPOAOJIKNTENbHbI.

YcnewHoe npumMeHeHne MeToda AUCKPUMWHAHTHOIO aHajin3a B OMpeneseHUN CE30HHbIX COCTOSHWUIA
naaHkToHa OHEeXXCKOro o3epa No3BOJISET PEKOMEHA0BATh ero AJ1s N3y4eHns ANHAMUKN CTPYKTYpPbl MJIAHKTOHA
Apyrux o6bekToB.

Bbubnuorpadpun
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Keywords: Summary:

Onego lake To describe the responce of aquatic ecosystems to possible
zooplankton climate changes, the investigation of the lake phenology is
seasonal period needed. Earlier, four seasons in the ice-free period of the
discriminant analysis Onego lake were determined for zooplankton, but their
interannual variations duration was defined very approximately, because in the lake

it is unable to observe this sesonal division exactly. It is well
known that the composition of zooplankton has regular
seasonal changes. This fact allowed us to distinguish the
structural formal features of seasonal conditions using
discriminant analysis on the abundance and biomass of the
main groups of zooplankton. Seasonal division was defined
more exactly. Summer period continues for 40 days and
consists of two seasonal phases: early and late summer. This
period does not coincide with calendar summer (July-August), it
begins in early July (190th day of year) and ends in mid-August
(230th day of year).
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