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AHHOTauma: OnpeaeneHne AMHAMUYECKUX XapPaKTEPUCTUK KOMMOHEHTOB
300M1aHKTOHa OHEMKCKOro 03epa B rOA0BOM LIMK/IE MPOM3BOAMIOCH Ha
OCHOBE CPeAHEMHOTO/IETHEN TPAEKTOPUM CE30HHOMN AMHAMMKM MNOKasaTe-
Neit. AHaM3 MOKa3asl, YTO XapaKTep Ce30HHbIX KPUBbIX OTPaMKaeT 0cobeH-
HOCTV 6VMONOTUM MPEACTABUTENIEN PAYKOBOMO M POTAaTOPHOTO 300M/IAHKTO-
Ha. MaKcMasibHble OTHOCUTE/IbHbIE CKOPOCTM NpUpocTa Bromacc cooT-
BETCTBYIOT CpeaHecyTouHbIM P/B-KoadpduupeHTam MaccoBbIX BUAOB pay-
KOB M KOJIOBPATOK. Temnepatypa BoAbl BAMAET Ha AMHAMMUYECKMe napa-

METPbI 300M/1TaHKTOHA BECHOM 60/1blLE, YeM B OCTa/IbHbIE CE30HDI.
© MeTpo3aBOACKNI rOCYAaPCTBEHHbINA YHUBEPCUTET

PeueHseHT: T. [1. 3HYEHKO
PeueH3eHT: H. M. KannHkumHa

MonyueHa: 23 anpena 2016 roga

BeepeHue

ANHaMUYeCcKMe XapaKTEPUCTUKU BHYT-
PUBOAOEMHbIX NPOLLECCOB onpeaenawTca
KaK BHYTPEHHUMM, HaANpPUMep CTPYKTypomn
coobuiects U buonornen BMAOB, TaK U BHEL-
HUMW MPUYMHAMM, B YACTHOCTU Temneparty-
poii. YcnoBus B OTKPLITOM KPYynMnHOM 03epe,
TaKoM Kak OHeXKCKoe, HeBOCMPOU3BOAUMbBI B
Masiblx 06bemax, Mo3ToMy MNPUXOAUTCA OnNuU-
pPaTbCA Ha AaHHble 3MMUPUYECKUX CbeMOK. K
COXaNeHuo, BPEeMeHHble paabl AaHHbIX NO
OTKPbLITOM 4acTM o3epa HeperynapHbl, T. e.
CbeMKM MPOBOAUNUCL B PA3INYHbIE CPOKU U
Ce30HHble ¢asbl roaoBoro Uukaa. Kpome To-
ro, He0H6X04MMO YYECTb TAKKe U MEXKIroA0BYHO
M3MEHUYMBOCTb TEMMNEPATYPHOrO pexmma W
CUHOMNTUYECKOMN CUTyaLUUM, BAUAIOLLYIO Ha CO-
CTOAAHME BOAHbIX COObLLECTB.

Ce30HHAA AMHaAMMKa abCOMOTHbLIX Mo-
KasaTenen 3o0onsaHKToHa OHeXCKoro o3epa,

MNopnucaHa K nevatu: 25 oktabpa 2016 roga

ero 4YMCcNeHHOCTn M buomaccbl onmcbiBanacb
MHorumum astopamu (MonueaHHan, 1950; Hu-
Konaes, 1972; CmunpHoBa, 1972; Capku, 2015).
B otaenbHble rogbl 66111 NpoBeAEHbI PacyeThbl
CKopocTU npupocta 6uomacchl (Kynmkosa,
1982; Kynukosa u ap., 1997), Ho aeTanmsauus
MX No BPeMeHM 6blna A0CTaTOYHO rpybon.
MoaobHblIe OUEHKU ABNAKTCA HEAO0CTAaTO4YHO
MHPOPMATUBHBIMWN, OCOBEHHO ANA BECEHHErO
nepuopaa, Korga ob6cTaHOBKa B NJaHKTOHE Me-
HAeTcA BecbMa bbicTpo. MNocTeneHHoe Hakon-
neHue gaHHbiXx ¢ 80-x rogos NpPoOLWIOro Beka
NO3BOJINNO BbIABUTb OCHOBHbIE 3aKOHOMeEp-
HOCTWM CE30HHbIX MPOLECCOB B MJAHKTOHE,
OUEHUTb WX MENKrogoBYyHd WU3MEHYMBOCTb U
nposectn $opmanmsaymio cpegHemMHOoroneT-
Hel TPaeKTopuKu ro4oBON LUKANYHOCTU NOKa-
3atenei. Bce 3To co3gano npeanocbinkn ans
OLUEHKWN OCHOBHbIX AMHAMMYECKNX XapaKTepu-
CTUK, T. €. CKOPOCTEN U3MEHEHMUA 0bunma m
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bnomaccbl 300NNaHKTOHA, a TaKX¥e BAUAHUA
Ha HUX TemnepaTypbl BOAbl, Peakuma Ha Ko-
TOPYIO BOAHbIX COObLLECTB SABNAETCA HEOAHO-
3HAaYHOM U C/IOXKHOMN.

AKTyanbHOCTb AaHHOW paboTbl CBsi3aHa
C HeoH6Xxo0AMMOCTbIO onpeaeneHnsa AuHaMu4ye-
CKMUX NapaMeTpOoB BHYTPUBOAOEMHbIX NpoLec-
COB B CBA3W C BO3MOMKHbIM BAUAHMEM HA HUX
KNMMATUYECKUX U3MeHeHU. OueHKn abco-
NOTHbIX U OTHOCUTENbHbIX CKOPOCTEN M3Me-
HeHua obunms n Buomacchbl NNAHKTOHA Tpe-
byloTCca Ana onpeneneHus PecypcHoro noTeH-
uMana o3epa, ero Tpoduyeckoro craTyca.
TakKe AMHAMMYECKMEe XapaKTepPUCTUKMU Heob-
XOAMMbI ANA CO3J4aHUA MMUTALUMOHHbLIX MO-
aenen n paspaboTkM NPorHo3os GYHKUUOHMK-
pOBaHWA BOAHbIX COObLLECTB 03€pa B YCNOBU-
AX U3MeHeHusa Knumarta (Ladoga and Onego...,
2010).

Lenbto paboTbl ABNsieTCA aHaNn3 cpea-
HEMHOFONIETHUX AWMHAMMUYECKUX XapaKTepwu-
CTUK Menarnyeckoro 300n1aHKToHa OHeMCKo-
ro o3epa B CE30HHOM LUK/IE.

cepeguHbl 80-X rogoB MPOLWIOrO BeKa A0
2015 r. BkAOYUTENbHO. [laHHble O0TOMpanmcb
cetblo [eamM u obpabaTbiBanUCb MO CTaH-
AAPTHbIM MeToanKam (MeTtoanueckme peko-
MeHaauuu..., 1984). Bca nHbopmauyma bbina
opraHusoBaHa B basbl gaHHbIx (Capku, Kyau-
KoBa, 2012; Capku u ap., 2015). Ona paboTbl
66111 BbIOpaHbl CTaHUWM U3 LLEeHTPasIbHOM WM
rnybokoBoAHOM YacTn OHeXKcKoro o3epa (n =
60).

MeTtoabl

[ns BbluMCNEHNA abBCONOTHBIX U OTHO-
CUTE/NIbHbIX CKOPOCTEN M3MEHEHMUA BEMYUH
Heobxoanmo 6bl10 onpeaennTb TPAEKTOPUIO
CpeaHEMHOroNeTHeN AWHAMMKM BEJIMUYUH U
npeacTaBuUTb €e B BUAE HENpepbiBHON YyHK-
unun. OnpeaeneHve ¢Gopmbl TPaEKTOpPUMU ce-
30HHOTO W3MEHEHWs BEe/NYMH NPOU3BOAU-
JIOCb C MOMOLLbIO MOANPULMPOBAHHOIO Me-
TOZa CKOMb3AIWMX CPEeAHUX C warom B 7 ane-
meHTOB (Capkn, 2013a). Ana 6onee TOYHOro
onucaHua ¢opmbl KpUBOM NPOU3BOANNACH
annpoKCMMaUMAa TPAEeKTOPUM C  MOMOLLbIO

Martepuanbi PEerpeccMoHHOro metToaa MMHUMMU3ALMM OPTO-
PaboTa ocHOBaHa Ha AaHHbIX CETHbIX FOHa/bHbIX paccToaHnin (CApKKM, YucTakos,
yNI0BOB 300MNNaHKTOHa OHexkckoro o3epa ¢ 2013) (puc. 1).
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Puc. 1. Ce30HHOE M3MeHEeHNe BUOMACChl PAYKOBOrO NAHKTOHA B LLEHTPaSIbHOM U Fy6OKOBOAHOM
palioHax o3epa: 1 —amnupuyeckne gaHHble, 2 — KPUBas, CrIAXKEHHAA CKONb3ALLMMM CpeaHUMM, 3 — annpokK-
cUMauma
Fig. 1. Seasonal changing of crustacean biomass in the central and deepwater part of the lake: 1 -

empirical data, 2 — curve smoothed by moving averages, 3 —approximate function

C nomoublo GyHKUMKM BblIM onpeae-
NeHbl CpeAHEeMHOroseTHUe BenuduHbl buo-
MacCbl 300M/TaHKTOHA W ero rpynn Ha Kaxable
CYTKW BereTauMoHHOro nepuoaa.

ABCONIOTHbIE CYTOYHbIE CKOPOCTU W3-
MeHeHMa Buomacc onpeaensnnch Kak

v =bi — bi-1.

OTHOCUTENbHbIE CKOpoOCTH n3meHe-
HUA

a = (bi — bi-1)/( bi + bi-1)*0.5,

rae bi u bi-1 — BennumHbl AByX no-
cnefoBaTeNibHbIX CYTOK.
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Pe3synbTatbl

C 1Mcnonb3oBaHMEM anMNPOKCUMALMOH-
HOM YHKUMM Bblna paccumTaHa CpeaHEeMHO-
ronetHAA Ce30HHaA AWHaMMUKa bnomacchl

300M/1aHKTOHA M ero rpynn (PaykoBOro u po-
TAaTOPHOrO MJIAaHKTOHA), @ TaKXe BblYUC/EHbI
abcontoTHbIe U OTHOCUTE/IbHbIE CKOPOCTU U3-
MeHeHUs nx bruomacchl (puc. 2).
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Puc. 2. TpaeKkTopuu ce30HHOM AMHaMMNKM Bruomacc (A), abCONOTHBIX CYyTOUHbIX (B) M OTHOCUTENbHbIX

(B) ckopocTeit nsmeHeHmsa buomacchl pavkosoro (1) u potatopHoro (2) nnaHktoHa (B, r/m2)

Fig. 2. Trajectories of seasonal dynamics of biomass (A), absolute daily rate (B) and relative rate (B)
of crustacean (1) and rotarian (2) plankton biomass changes (B, g/m2)

Cyna no TpaekTopuMam U3MeHeHuA
6uomacc, AMHAMMKA PAYKOBOro WM KONOBPaA-
TOYHOro NNAHKTOHA pa3/inYaeTca Kak no ab-
CONIOTHbIM 3HAYeHUAM, Tak M no ¢asam ce-
30HHOTO UMKAa. TaK, abCcoNtOTHble MaKCMmy-
Mbl BMOMACC MX HAcTynatoT B pa3Hoe Bpemsa U
pa3HeceHbl Ha 10 cyTok. MakcumanbHble cy-
TOYHble NPMpPOCTbl Bomacc ana obeunx rpynn
OTMEYatoTCA CUHXPOHHO Ha 195-e cyTku, T. e.

Ha cepeauHy uonA. VMIMeHHO B 3TOT Nepuop,
OTMEYalTCA ONTUMaNbHble Tpopuyeckme yc-
NIOBUA ANA POCTa KOMIOBPATOK U MaKCMManb-
Hble BE/IMYNHbI NePBUYHOM NpoayKummn (Teka-
HoBa, Capku, 2015). B aTOT nepuoa npoucxo-
OVT aKTMBHbIA Mporpes BoAbl. Temnepartypa
NoBepPXHOCTHbIX cnoes gocturaet 10 °C, u Ha-
YnmHaeTca nepuog «buonornyeckoro neta»
(puc. 3).
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Puc. 3. OTHocUTeNbHblE CKOPOCTU NpUpocTa buomacc paukoBoro (1) n potaTopHoro (2) nnaHKToHa U
Temnepartypa nosepxHocTHoro (0.5 m) cnos Boabl. CTpesikamn oTMeYeHbl MaKCMMa/ibHble 3HaYEHMA CKOPO-
cTein
Fig. 3. Relative rates of crustacean (1) and rotarian (2) biomass vs. temperature of surface water

layer (0.5 m). The arrows indicate maximum rates

3aTem KO/IM4ecTBO KOJIOBPATOK HBbICTpO
YMeHbLUAeTCA, NpuU OAHOBPEMEHHOM pOCTe
A0/IN BETBUCTOYCbIX PAYKOB, UX TPODUYECKMX
KOHKypeHTOoB. MaKkcMmanbHble buomaccel gna
300MNAHKTOHA OTMEYAKTCA B KOHLEe uiona —
Hayane asrycta. CmeHa COOTHOLIEHWA OCHOB-
HbIX FPynn 300MNNaHKTOHA (BecnoHorve, BeT-
BMCTOYCble U KOJIOBPATKM) ABNSAETCA YETKMM
WHAMKATOPOM  (PEHONOrMYECKMX  CE30HHbIX
¢a3 B nenarnanu ozepa (Capku, 20136).

Bonbwaa 4YacTb NpoOLLEcCcOB B BOAHbIX
CUCTEMAx 3aBUCUT OT TemnepaTypobl. Ho cTe-
neHb ee BAMAHUA Pa3/IMYaeTCcA MO Ce30HaM.
Tak, BeCHOM OHa sABAAETCA onpeaenatowmm m
NIMMUTUPYIOWMM PAKTOPOM, B TO BpeMa Kak
NIETOM M OCEHbIO ee BANAHUE YMEHbLLAETCA.

AHann3npya COOTHOLIEHME U3MEHEHUM
OTHOCUTENbHbIX CKOPOCTEM WMAN MHTEHCUBHO-
CTM NpupocTa BUomacc U TemnepaTypbl, MOXK-
HO OTMEeTUTb, YTO B BECEHHMW Mepuos, CKopo-
CTM PaACTyT NPOMOPUMOHANbHO POCTy Temne-
patypbl (cm. puc. 3). B ocTtanbHble nepuoabl
npsmoe BAMAHME TemnepaTypHoro d¢akropa
He npocnexumBaetca. CHUKeHMe NoKasaTenemn
oceHbto obycnosneHo cKopee 6Huonormye-
CKMMM CBOMCTBAMM MONyNsALMIA (NOArOTOBKOWM
K 3UMe), 4Yem MNpPsSMbIM BO34ENCTBUEM Temne-
paTypbl. Takum obpasom, Temnepatypa BoOAbl
onpeaensaeT CKOPOCTM NpupocToB Buomacc u
KONMYECTBO MJIAHKTOHA TO/IbKO B BECEHHWN
nepuod. lNpuU KAMMATUYECKUX M3MEHEHMUAX
MMEHHO CKOPOCTU U CPOKW MpOrpeBaHuA BO-
Abl 6yAyT OCHOBHbIM NPAMbIM PAKTOPOM He-

NnocpeACcTBEHHOIO BAMAHUA Ha 300MIAHKTOH.
ABCONIOTHbIE 3HAYEHMA YMCNEHHOCTU U Buo-
Maccbl 300M/1aHKTOHA byayT 3aBMCETb OT TEM-
nepaTypbl HE3HAYUTE/IbHO, T. K. OHM bosblue
3aBUCAT OT Tpoduyecko 06CTaHOBKM B 03epe
M XOPOLWIO afanTUPOBAHbl K MEXroAoBbiM ee
KonebaHusam.

O6cyxaeHune

ABCONIOTHblIE  3HAYeHMA buomaccol
300MNNAHKTOHA M CKOPOCTU €e W3MEHEHMUSs
3HAYMTENbHO KONeBNOTCA B CE30HHOM UMKIE.
EcnM  MaKcMmanbHble CYyTOYHble NPUPOCTbI
6uomacc 3aBuUCAT OT 0bUAMA 300MNAHKTOHA,
TO OTHOCUTE/IbHblE CKOPOCTM NPUPOCTa MOXK-
HO COOTHECTM C MOTEHLWNANIbHOM MNPOAYKTMB-
HOCTbIO BUA,0B, COCTABAAIOLLNX NAAHKTOH. Jna
KONOBPATOK OHW Bbllle, Yem A5 PayYKOBOro
nnaHkToHa (0.20 npotue 0.08), YTO XOpOLWO
obbsacHseTca 6uonornenn BuaoB. KopoTkue
YKM3HEHHbIE UUK/bl KONOBPATOK U MapTeHore-
HeTMYecKuit cnocob pasmHoKeHUa obecneyu-
BalOT 60/s1ee BbICOKME CKOPOCTM NPUpPOCTa no-
nynAaumn u nx bromacchbl, Yem y paykoB, MHO-
rme M3 KOTOPbIX MMEIT AJINTe/IbHble CPOKMU
Pa3BUTMA M MOJIOBON CNOCO6 Pa3MHOMKEHMUA.
MonyyeHHble HaMW OTHOCUTE/IbHbIE CKOPOCTHU
n3ameHeHna bBuomacc COOTHOCATCA MO BeNu-
YMHaM co cpefHecyToYHbIMU P/B-
KoapdmumeHTamm  MaccoBbIX BUAOB  300-
NNIAHKTOHA, BbIYUCAEHHBIMW APYTMMU METO-
Aamu (Kynukosa u ap., 1997; Kynukosa, Cap-
Ku, 1999) (Tabnnua 1).
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MprMmeHeHWe meToda annpoKcumaumm
ANA BblUMCAEHUA AMHAMUYECKUX NMOKa3aTeen
AnA maccoBoro payvka Daphnia cristata Sars un3
KoHA0nocKol rybbl OHEXKCKOro 03epa TaKxe
NMOKa3aNo CXOACTBO WX BEAWYUH C AAHHbIMU
ANA NONYyNAUMM PavyKoB B HATYpPHbIX U Nabo-
PaTOPHbIX ycioBUAX. Kpome Toro, oHU nsme-
HANUCb B COOTBETCTBMU C TPOPUUYECKMMU U
TOKCMYECKMMM YCNOBUAMM cpeabl UX 0obuTa-
HuA (Capkn, KanmHkuHa, 2010).

TakMm 06pa3om, MOMKHO 3aK/JHUYUTD,
YTO CPeAHEMHOroNeTHAS TPAaeKToOpMA Ce30H-

HOro W3MeHeHWss 6Momaccbl 300MNAHKTOHA
HeceT B cebe MHOPMALMIO O ero NPoAyKLM-
OHHOM noTeHuMane. To, 4TO MaKCMManbHbIe
OTHOCUTE/IbHblE CKOPOCTM NMpUpPOCTa Bruomacc
COOTBETCTBYIOT MO BE/UYMHE €ro cpepHecy-
TOYHbIM P/B-Ko3dduumeHTam, euwe Tpebyet
cBOEro o6mbACHeHUA. MOXHO NpeanonoXKuUTb,
YTo B MNepuos MAKCMMANbHbIX MNPUPOCTOB
NPaKTUYECKN MONHOCTbIO peannsyeTcs NoTeH-
uman pocta coobuiecrtsa.

Tabnuua 1. CpeaHecyTouHble P/B-KoadduumeHTbl N UX KonebaHus Ans MacCcoBbIX BUAOB 300M/1aHKTOHA
B LLleHTpaibHOM pailoHe OHeXCcKoro o3epa

CpeaHecyTo4HbIn P/B-

Amnantypa KonebaHui cpegHecy-

Bua KO3bGULMEHT TOYHbIX P/B-Ko3dduumeHTOB no me-
cauam
Kellicottia longispina 0.213 0.082-0.274
Polyarthra dolychoptera 0.200 0.120-0.208
Eudiaptomus gracilis 0.069 0.004-0.077
Termocyclops oithonoides 0.100 0.035-0.130
Mesocyclops leuckarti 0.080 0.032-0.113
Daphnia cristata 0.080 0.025-0.109
Bosmina longispina 0.073 0.035-0.107

3aKknoueHue

CpeAHeMHOFOJ'IeTHﬂﬂ TPpaeKkTopna ce-
30HHOIO MNn3mMmeHeHunA 6MOMaCCbI 300MN/1aHKTO-
Ha HeceT WMHPOPMALMIO O ero NPOAYKLMOH-
HOM noTeHuunane, U no Hel MOMHO BblYUC-
NNTb AUMHAMUYECKUNE XaPaKTEPUCTUKN KaK BCe-
ro 300MNNaHKTOHA, TaK W ero rpynn. Makcu-
Ma/ibHaA MHTEHCUBHOCTb NpUpocTa buomacchl
300M/1IaHKTOHA M ero rpynn no sean4ymHam Co-
OTBETCTBYET WX  cpeAHecyToyHbim  P/B-

bubnunorpadpus

KoaddpuumeHtam. TemnepaTypa BoAgbl onpe-
AenseT CKopocTM npupocTa buomaccbl 300-
NNaHKTOHa B BECEeHHWI nepuod. MOXKHO
0XMAaTb, YTO NMPU KAMMATUYECKUX KoebaHu-
AX U3MEHATCA UMEHHO AMHAMWYECKME XapaK-
TEPUCTUKM BOAHbIX COOBLLECTB U CPOKKU Be-
CEHHEero nporpeBaHus Boabl 6yayT OCHOBHbIM
baKTOPOM BANAHUA HA 300M/TAHKTOH.
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Summary: The dynamic zooplankton characteristics in the annual
cycle were calculated based on the average year-to-year seasonal
dynamics trajectories. The analysis showed that the seasonal curves
reflect the biologycal features of the zooplankton groups:
Crustaceans and Rotarians. The maximum biomass growth rates of
the both groups were observed at the same time, approximately 195
days from the beginning of the year. In the both groups the biomass
peaks and zero growth rate were separated by 10 days. The
maximum intensity of biomass growth complies well with daily P / B-
coefficients of mass species of crustaceans and rotifers. It was shown
that water temperature influences the dynamic zooplankton

parameters stronger in the spring than in other seasons.
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