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BBepeHue

Ce30HHaA AMHAMMKa 3KOCUCTEM SIBASETCSH OAHUM U3 CaMbIX 3aMeTHbIX SBJEHUN B 03epax CpefHUuX u
CceBepHbIX LWNPOT. ExxeroaHbie konebaHna hakTOpoB cpefbl (OCBELWEHHOCTN, TEMNEpPaTypbl 1 Ap.) onpenensioT
CE30HHYI0 UWUKJINYHOCTb BOAHbIX Co0b6WecTB, 0COBEHHO 3HaYMMyl0 ANA Nenarnyeckoro niaHKTOHa. Ons
No3HaHUA NpoLLeCccoB PYHKLMOHNPOBaHNA 3KOCMCTEMbI HeobxoanMa hopMann3auns Nin NocTpoeHne Mogenmn
Ce30HHOM UMKANYHOCTUW MJaHKTOHa. MNepBbIiM LWarom Ha nyTu ANHaMUYeCKOro onncaHus npoLeccoB sABaseTCA
onpepesieHne TpaekToOpun Ce30HHOM ANHAMUKIN, KOTOpas 3aBUCUT OT OCHOBHbIX 3aKOHOMEPHOCTEN Ce30HHOro
umkna (nepuopa v BEINYMH MaKCUMaibHOrO pa3BMUTUSA, NEPUOLOB POCTa U CHUXKEHNSA KONMYEeCTBa NIaHKTOHaA,
CUHXPOHHOCTU C FUAPOJSIOrNYECKUMU U TEPMUYECKUMU ABAEHUAMU U T. A.). PopMa CEe30HHOW ANHAMUKU
NAaHKTOHa MOXXeT OoTpaXkaTb Tpoduyecknin ctatyc obbvekTa (AHAPOHUKOBA, 1996). Kpome Toro, TpaekTopus
CE30HHOM ANHAaMUKN BEINYMH 3aBMCUT OT 61MON0rum AOMUHMPYIOWNX BULAOB, UX XXU3HEHHbIX LNKI0B U MHOMNX
OPYrnx MNpUYUH, 4TO OenaeT ee CrneuynduUyHON OS5 Ka)KAOW MNaHKTOHHOW rpynnbl. Ecnm pns xopowwo
N3Y4YeHHbIX NPOLLECCOB BO3MOXXHO NOCTPOEHME annpokCuMaLumnoHHon mogenn (Capku, TekaHosa, 2008; Capkun,
YucTskos, 2013), To 4/1 PEKOrHOCLMPOBOYHbIX NUCCIef0BaHNI HEOH6X0ANM NPOCTON 1 yA06HbIN MeTod. TakuM,
Nno HallemMy MHEHWI0, MOXeT CTaTb MeTo[ ABOWNHOrO CriakmBaHus. Ce30HHble U3MEeHEHUs B 300MJIaHKTOHe
OHeXxcKoro o3epa 6bIIM HEOOHOKPATHO onucaHbl B nnTepaType (Hukonaes, 1972; Kynukoea un ap., 1997;
Capku, 2008), B Toxxe BpeMs Kakon-nmbo hopmanmsaumm Ce30HHbIX NPOLECCOB B rOA0BOM LIMK/IE CAETaHo He
6bin0.

Lenb Hawero coobuieHnsa - onucaTb MeTOo4 OnpefeneHus TPaeKTopuM CEe30HHOW AMHAMUKU
XapakKTepUCTUK nMaaHKToHa (Ha npuMepe OHEXCKOro o3epa) C WUCNOoJIb30BaHUMEM MeToda [ABOWHOIrO
Crna>KuBaHus.

MaTtepuansbl
OHeXxckoe 03epo ABNAE€TCA YHUKaJIbHbIM 06'beKTOM, OAHNM U3 BEJIMKNX 03ep EBpOI‘IbI. Mnowanb

62



Capkm M. T. I3y4yeHne TpaeKTopuin CE€30HHON OMHAMUKWN MJIAHKTOHa C MOMOLLbIO MeToAa ABOWHOrO CriakmsaHus //
MpuHumnel akonorum. 2013. Ne 1. C. 62-68.

NOBEPXHOCTW cocTaensieT 9890 kM?, cpeaHsas raybuHa - 30 M, MakcuMansHas raybuHa - 120 M, nepuop
BogoobmeHa - 12 neT. O3epo xapaKTepu3yeTCs BbICOKON MHEPTHOCTbIO, LeHTPasbHbI U rnyboKOBOAHbIE
PalrioHbl 03epa COXPaHUN CBON €CTEeCTBEHHbIA ONUroTpodHbIN cTaTyc (OHexxckoe o3epo, 2010; Ladoga and
Onego, 2010).

[nsa aHann3a ncnonb3oBasiacb MHGOpPMaLums n3 6asbl AaHHbIX «300M1aHKTOH OHE)XXCKOoro o3epa» (CApkn,
Kynunkosa, 2012). OcHoBy paboTbl cOCTaBUAM pe3yfbTaTbl KOMMAEKCHbIX TMApobuosiorn4ecknx Cbemok
NHcTuTyTa BoAHbIX Npobnem Cesepa KapHL, PAH Ha OHeXxckoM o3epe B 6e3niefHbin nepnod (Mai-okTsbpb) C
1988 no 2010 rr. 3o0nnaHKTOH oTbupanca ceTHbIM MeToAoM 1 obpabaTbiBasnca No CTaHAAPTHOW MeTOoAUKE.
Onpepgenanacb YNCAEHHOCTb 1 BuoMacca 300MJ1aHKTOHA B LLEJIOM 1 ero OCHOBHbIX rpynn B cton6e sBoabl 1 no
CJI0SIM B LEHTpasbHOM W rnyboKOBOOHOM palioHe o3epa Ha 6 CcTaHuMsax. B Ka)kgom oTAenbHOM roay
npoeoauaocb oT 1 go 5 cbeMok, n AaTbl oTOOpa B pasHble roAbl 4acTO He coBnafjanu. Bcero B aHanus
BKJIIOYEHbI AaHHble Ansa 56 cTaHuuin HabnoageHus.

TpagMUuMOHHbIE MEeTOoabl UCCNIeoBaHUM

MeToL CKOMb3SLEero CpenHero ABASAETCS LWUPOKO PacnpoCTPaHEHHbIM MeTOAOM Criia)KMBaHWS
BPEMEHHbIX PAAOB [AaHHbIX U BbISBAEHWS TPEHOOB Ha (POHEe BbLICOKOM M3MeH4YmBocTU (My3aveHko, 2004;
WnTukos n ap., 2005). B rugpobuonormum sToT Meton 06blYHO NPUMEHSAETCA AJ1 CrAaXKMBaHUA MHOMOJIE@THUX
panos (Po3eHbepr n ap., 1994; Jlasapera, 2010).

B 6onbwern 4acTu paboT, MNOCBALLEHHbIX WCC/AEL0BaHMIO 03EpPHOro MJIaHKTOHa TakK WU KHade
YyNOMMHAETCs ero Ce3oHHasdA AMHaMumKa. Ho, K coxkaneHuto, 3To nnbo BepbasibHble ONUCAHUA CE30HHbIX
n3MeHeHun, nmbo pAabl CKansApHbIX BEAMYMH. [1OCTAaTOYHO YACTO MPUBOAATCSH BEANYUHbLI, OCPEeAHEHHble Mo
MecsiLaM WaM Ce30HaM, KOTOopble TEepsAlT AOWHAMUYECKyl WHGOopMauMmio O npoueccax. YcTomyusoe
C/IOBOCOYETAHUE «Ce30HHAA AMHAMUKa» OJ1s1 TaKUX MaTepuanoB YTPauMBaET CBON «ANHAMUYECKUA» CMbICII.

OpVII'VIHaanbIe MeToAbl VICCHGAOBaHVIﬁ

B ocHoBe npepsiaraemMoro MeToda JIeXUT ruroTesa O TOM, YTO CPEeAHEMHOrONETHAS TpaekTopus
CE30HHOM AMHAaMUKN XapaKTepUCTUK 300MJIaHKTOHA SABSAETCS MJIaBHOW KPUBOW, OTPaKalolen OCHOBHble
CEe30HHble 3aKOHOMEPHOCTN roA0BOr0 LKA B MJIaHKTOHE.

[Ona nocTpoeHns 3ToM KpMBOW ObIIM MNCMOJSIb30BaHbl BCE MMEKOLWMECH AaHHble, U3 KOTOpbIX Oblin
COCTaBJIEHbI iBa pAfa 3HaYe€HUN, CBA3aHHbIX NonapHo. O4HO N3 3HAYEHWUI - 3TO YNCJIEHHOCTb 300M/1IaHKTOHA B
KOHKpeTHon npobe, Apyroe - nokasaTeslb Ce30HHOCTW, NpPeACTaB/IeHHbIA KakK YUC/0 AHEeN, npowealmx c
Havyana roga. Bce 3HavyeHuns B obLieM psay paHXUPOBaN MO NokKasaTento Ce30HHOCTU. [aHHble AN pa3HbIX
net, 6nmn3kue no BpemeHu otbopa, B 0bLieM paay pacnoNoXUINCL N0 COCeAcTBY. [Mony4YeHHbIN psan oka3asncs
HeperynsapHbiMU - BPEMEHHbIE MHTEepPBasibl MeXAY OTAEbHLIMU €r0 YeHaMu CUbHO pasnnyannce. Hanpumep,
(hparMeHT psfa 3a UIOHb-UIOb COOEPXKUT pa3pbiBbl OT 2 A0 6 aHen (Tabn.).

Tabnuua. PparMeHT pafa NCXOLHbIX 3HAYEHWN YNCAEHHOCTM (3k3/M3) 1 crna)keHHbIX Mo TpolikaMm

3Ha4veHun (')
HDaTta 27.06.94 27.06.94 28.06.94 29.06.89 29.06.94 05.07.94
Moka3zaTenb 178 179 185 188 190 190
Ce30HHOCTK
YNCNEeHHOCTb 6769 484 6283 11151 7465 3432
Moka3zaTenb 181 184 188 189
CEe30HHOCTN’
YncneHHocTb' 4512 5973 8300 7349

B 3TuUX yCcnoBusax NpakTUYECKN HEBO3MOXXHO Oblf10 BbIMOJIHATL Cria’kMBaHNe M3y4YaeMol nepemMeHHon
(YMCNeHHOCTM) NPOCTbIM METOAOM CKOMb3AWEN CpefHeln: pa3pblBbl B AaHHbIX OeNaloT pe3ysbTUPYoLYHo
KPUBYIO CUJIbHO N3JIOMaHHOM.

Bbif0 pelleHo NPoBOANTL OCpefHeHne Kak COBCTBEHHO aHaIN3MPyeMOn BEIMYUHBI, TaK N NoKa3aTens
Ce30HHOCTM (B CyTKax C Hadvana ropa) (tabn.). B npumepe Crna)kmBaHue AaHHbIX «M0 TPOMKaM» OJs KOHLa
WIOHS JaeT cnepyouwme BennymHbl: (185 + 188 + 190) / 3 = 188 (aHen) n (6283 + 11151 + 7465) / 3 = 8300
(3k3.). Takum 0bpa3oM, Kax[oe Cria)KeHHoe cpefHee 3Ha4YeHne HYNCJIEHHOCTU OTHOCUTCS K onpefeneHHOMY
Cr/la>Ke€HHOMY MOoKa3aTesto CE30HHOCTMU.

[BoliHOEe Cria)knBaHWe 3HAUYNTESIbHO YBEJINYUIIO MNAaBHOCTb KPUBOM AWHAMUKWN YUCSIEHHOCTU. Kpome
TOro, COBEpPLUEHHO NUcYe3nn casurn, obblvHble A1 MeToa CKOJb3sllen cpeaHen, 3To N03BOJINO0 BbIMNONHATb
MOBTOPHOE CriakKuBaHUE Crila)KEHHbIX PALOB.
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LLar ocpepgHeHua nogbupanca sMnMpuyeckum nyTem m3 BapuaHToB 3, 5, 7, 15. lna onpepeneHns
TPaeKTopUN U3MeHeHns Benn4mnH 6bl1I0 MpoBeAeHO OBOWHOE Criia)KUBaHWe pPAAOoB C LWaroMm B 7 3/1eMeHTOB
paga.

Ha pwarpamme npuBegeH nNpuvMep CEe30HHOM0 W3MEHEHUS YUCNEHHOCTU payvykoB-uuksaonoumg wu
Cr/la>KeHHOW TpaeKTopum Ce30HHOM ANHaAMUKK (puc. 1).
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Puc. 1. PacnpeaeneHve YNCAEHHOCTY pa4kos-Lukaonoua (N, Teic. 3k3/M>) Mo ce3oHaM 1 criaxeHHas
TpaekTopusa ee Ce30HHOM ANHaMUKKM (N = 56): 1 - aMNMpun4eckmne gaHHble, 2 - Crna)kmusaHue c warom 7, 3 -
OBOWHOE CriaKuBaHue c warom 7
Fig. 1. Distribution of cyclopoid density (N, th. ind/m?®) and the smoothed trajectory of its seasonality: 1 -
empirical data, 2 - smoothing with step 7, 3 - double smoothing with step 7

[ns cozpaHna MoLenu, OnucChbIBaloLLEN Ce30HHbIe COCTOSIHUSA NMenarnyeckoro 300MJ1aHKTOHa, pa3pbiBbl B
Crla>KeHHbIX pAagax AOMNOJIHAINCh He4OCTaloWMMK 3HAa4YEHNSAMM C MOMOLLbIO MeTOAa JIMHENHON MHTEPNOAALUN.
B pe3ynbTaTe Oblna nonyyveHa cepust MYyHKUNURA, 3afaHHbIX Tabavuamu, rae apryMeHToM CNy>XKUT NokKasaTeslb
Ce30HHOCTW, @ 3aBUCUMbIMW BeINYMHAMW - CPefHEMHOroseTHWEe 3HavyeHUs 4YUCIeHHoCcTW K Bromaccel
300MJIaHKTOHA M €ro OCHOBHbIX FPyMn 3a KaXkAble CyTKU BereTaumoHHoro nepuofa (puc. 2.). TpaekTopun
CE30HHOr0 W3MEeHEeHMS BeJINYUH OTPasuin OCHOBHbIE 3aKOHOMEPHOCTW AMHaMUKKM coobuiecTBa, opMy
TPaeKkTOPWUA CE30HHOW AWHAMWKW, [aTbl BaKHbIX SBJEHWIA, MNepuoAbl POCTa W CHUXKEHUA KOJIMYecTBa
NNaHKTEpPOB, U3MEHeHNEe CTPYKTYpPbl coobLLecTBa, CUHXPOHHOCTb COBLITWIA U T. 4.
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Puc. 2. Crna>keHHble TPAaeKTOPUN CE30HHOI0 N3MEHEHUs YUCIeHHOCTU (N, ThiC. 3K3/Ky6. M) 1 Bromacchl
(B, r/ky6. M) OCHOBHbIX Fpynn 300MnaaHkToHa B cfoe 0-5 m: 1 - calanoida, 2 - cyclopoida, 3 - cladocera, 4 -
rotatoria
Fig. 2. Smoothed trajectory of seasonal changes in the number (N, th. ind. /cub. m) and biomass (B,
g/cub. m) in the main groups of zooplankton in the layer 0-5 m: 1 - calanoida, 2 - cyclopoida, 3 - cladocera, 4 -
rotatoria

CornacHo 3KCMNepTHbIM OLLeHKaM MoJlyYeHHble KpWBble COOTBETCTBYIOT CE30HHbIM W3MEHEeHUSM B
300M/IaHKTOHE, HO 3HAYUTENIbHO AEeTaNIM3NPYIOT N YTOUYHSAKOT U3BECTHYIO paHee uHdopmauuto (Kynmkosa u ap.,
1997; Capkun, 2008). Tak, aHa/iIM3 [OaHHbIX O YUCAEHHOCTU UUKAOMNOUA WU WX Cria>KMBaHWE MO3BOAMNAN
npocneguTb B CE30HHOM UWKJE BOJIHbI ABYX reHepaumm pasMHOXeHUs ManblX umknonos (Mesocyclops
leuckarti Claus w Thermocyclops oithonoides Sars) (puc.l). ObpawaeT Ha cebs BHUMaHWe GaKT, 4TO
CpefHEeMHOroJIeTHME MaKCMMYMbl YACJEHHOCTY U BMOMacChl pa3inYHbIX FPYMMn He CUHXPOHU3MPOBaHbI APYr C
OPYroM 1 oTMevaloTcs B pa3Hoe BpeMs. Tak, MakcuMyMbl Bruomacchl KonospaTok (198 cyTok) u kKnagouep (212
CYTOK) pa3qnyaloTCsa Ha ABE HeJenu.

Ba>kHbIM pe3ynbTaTOM CE30HHON MOAENN SBNSETCA TakKXe BO3MOXXHOCTb pacyeTa abCoOMOTHbIX U
OTHOCUTESIbHbIX CYTOYHbIX NU3MEHEHUN YUCIEeHHOCTU U BuoMacchl. DTN NapaMeTpbl ABAAIOTCA 3KOJIOrMYECKN
3HAYUMbIMU BEJIMYMHAMU, XapPaKTEPU3YIOWMMU CYTOYHbIE CKOPOCTWU MPMPOCTa YUCJEHHOCTU U Buomacchl
coobLLecTB MNJaHKTOHa B €CTECTBEHHbIX YCN0BUAX OHEXCKOro o3epa.

B cnoe Bonbl 0-5 M, rge HabnopfaloTCAd akTMBHbIE MPOLECCHl Pa3BUTUSA MJAaHKTOHa, abCcosoTHbIe
MPUPOCTbI YACIEHHOCTW AOCTUrann Makcumyma (1,5 Tbic. 3k3/Ky6. M « CyTKN) B TpeTben Aekane nons (200-e
cyTkun), bruomacchl (0,05 r/kyb6. M o CyTKWU) - HECKONbKO paHblue, B nepBoi aekage uonsa (190-e cyTku).
OTHOCUTENbHbIE CKOPOCTY NPMPOCTa YNCIEHHOCTU 1 BroMaccChl AOCTUIaNMN MakKCMMasibHbIX 3HAa4YEHU paHbLUe,
B TpeTben Aekage mwoHa (0,10 n 0,12 cooTBeTCTBEHHO). MIHTEpeCcHO, 4TO 3TWM CKOPOCTU COOTBETCTBYIOT
3Ha4yeHnsaAM, onpefesieHHbIM BEeCOBbIM CNoCcOBOM ANA MacCCOBbIX BMAOB MNpu NoApobHbIX HabnwpoeHusax
(MBaHoBa, 1985; AHopoHMKOBa, 1996).

O6cyxpeHue

PaboTa C JaHHbIMA MEHbLUNX BPEMEHHbLIX MaclwTaboB 06bIMHO 3aTpyAHEHa M3-3a HeperyssapHocTu
CEe30HHbIX pAAoB. HepoCcTaTOYHOCTL HalMX CE30HHbIX AaHHbIX (1 cbeMka B rop) Hbina CKOMMeHcMpoBaHa
YHUKaNbHbIMN CcBOMCTBaMU OHexckoro o3epa. OHO oTivMyaeTca 6GonblwMMKM pa3Mepamu, €ro BblCOKas
WHEPTHOCTb Crila)KMBaeT MEXroAOBYI0 M3MEHYMBOCTb KaK TeMMepaTypHOro pexxuma, Tak U cofepxaHusa
6uoreHos (OHexxckoe 03epo : atnac, 2010). Bce 3To onpenenseT BbICOKYIO PYHKLMOHANbHYIO U ANHAMUYECKYIO
YCTONYUBOCTb MJI@HKTOHHbLIX CUCTeM. MexXrogoBas M3MeH4YMBOCTb, OTparkatowlasds 0COHEHHOCTN KOHKPETHbIX
NeT, MeTOANYECKNE MOrpeLwHoCcTn, Cnopagnyeckme aHTPoONoreHHble BO3AENCTBUSA N, HaKOHeEL,, COBCTBEHHYIO
CTOXaCTUYHOCTb »XMBbIX MJAHKTOHHbLIX CUCTEM, He MpeBblllaeT Ce30HHYyl. B npeabiaylimx nccnenoBaHmnsax
6b110 Noka3aHo, 4To oT 50 #o 80 % obLien N3MEHYMBOCTU BENMYNH NIaHKTOHa B OHEXXCKOM 03epe NpuxoanTcs
WMEHHO Ha Ce30HHY cocTaBasowyto (TekaHoBa, Csapku, 2008; Csapku, 2011). Takum obpasom, TpaekTopuu,
Nnosly4YeHHble MeToAO0M [ABOMHOIO Crila)KUBaHUsS, MOXXHO CYMTaTb CPEAHEMHOrOJIETHUMN B CE30HHOM LUKIe
NAAaHKTOHAa, OHU MOTYT BbITb NHHOPMALMOHHON OCHOBOW AJ19 MOAENMPOBaHNSA 3KOCUCTEMbI 03epa (Ladoga and
Onego ..., 2010).
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KpOMe TOro, MoaeJsib NO3BOJNIAET oNnpenendaTb q)eHOJ']OFVIIO SABJIEHUN B 03epe n BpeMeHHble caoBuUrn ans
AaHHbIX KOHKPETHbIX JIeT, XapaKTepunsyrnwnxca pa3amyHbiIMn TepMnN4eCKnMmn 0CO6EeHHOCTAMU, YTO MOMOXKET
N3Y4YUTb peakKLUunto BOOHbIX coobLecTB Ha U3MEHeHNe KMMaTa.

3aKkJiloMeHue UIMn BbiBOabl
OnpegeneHne CpeaHEMHOr0JIeTHUX TPAeKTOPUIA CE30HHOI0 M3MEHEHUS BEeJINYUH NO3BOJISET NepenTun K
OVHAMNYECKOMY OMUCAHUIO CE30HHbIX MPOLLeCCOB B Neslarnyeckom niaHkKToHe OHEe)XCKOro o3epa.
Mpepnaraembin HAMU METOZ, ABOMHOMO Crila)UBaHUA AaeT BO3MOXHOCTb KOPPEKTHO onucaTb opMy
TPaeKTOpUM CE30HHOIO0 W3MEHEHWS BEeNNYUH TMNIAaHKTOHa B YCJIOBUSIX HEpPEeryaspHocTu psnoB un
MasloYNCSIEHHOCTW AaHHbIX.
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The study of seasonal dynamics of plankton
trajectories using the duble-smoothing method
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Keywords: Summary:
Moving average method To study the seasonal processes in zooplankton of Lake Onega
zooplankton and to determine the changes in the trajectory its values were
seasonal dynamics analyzed by the method of double smoothing. A series of
Onego Lake smooth curves describes the trajectories of the changes of the

number and biomass of zooplankton and its major groups
during the growing season (May to October). They reflect the
basic laws of community dynamics, the shape of the
trajectories of seasonal dynamics, phenology, or the dates of
important events, the periods and the increasing and
decreasing rate of plankter amount, the seasonal changes in
the community structure.
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