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CYCLOTELLA COMENSIS GRUN. (BACILLARIOPHYTA)

B CHCTEME HAPOYAHCKHX O3EP (BEJIAPYCB) B IEPHOI HX
JEIBTPO®PHPOBAHHA

Hapouanckue ozepa (Hapous, Msctpo, Batopuuo) fpouuiH pasHeie MEPHONL IBOMIOLHM HX

‘Tpodmueckoro cratyca: 1) nepuoa ¢ TeNLHOI aHTp i HArpy3KOH, 2) NEPHO AHTPOTIOTEHHOTD
IBTPOpHPOBAHHA H 3) nepHoA eIBTpod CONPOBOK CTPYKTYPHBIMK NEPeCTPORKaMM H
HECTAOHABHBIM  COCTORHHEM (1 iX 8. B nepuon AeIBTPOPHPOBAHHA OTMENEHD

MOSBNEHHUE B 03CPax NPEACTABHTENA HCHTPMMECKHX AHTOMOBBIX BomopocneH Cyclotella comensis Grun.,

obnapy ) paniee Ha TeppHTOpHi benapycH Tonbko B cocToaunu. [lpe DAHHBIE O
CCIOHHON " (] W BHJIA HA NPO 12 ner (1992-2003 rr.).
TTpHBEAEHB PE3YIBTATH ANEKTPO p o dornor OCTH

C. comensis w3 03. BaTopHHo.
Knwueegwe cnoea o3epa benapycu Hapous, Mactpo, Baropuho, ssTpoduposanue,

neastpoduposanue, Cyclotella comensis, Ce30HHbIE H 0BbIE k A

Buenenue

HapouaHckHe 03epa, Ha KOTOPBIX THIPOGHONOTHYECKHE HCCIENOBAHKA
npoBoaaTcs ¢ 1948 r., ABAAIOTCA JOCTATOMHO M3YMEHHBIMM BOIHBIMH 3KOCHCTEMaMH
pasHoro Tpoduueckoro THna. OHM NpeacTaBAAIOT coGOM CHCTEMY M3 TPeX CBA3AHHBIX
Mexay coboll Bonoemor — ozep BaTopuHo (BepxHee B uenouke), Macrtpo (cpennee) u
Hapoyb (kKoHeuHOE B LenH), HMEIOT oBLLYI0 BOAOCOOPHYIO MIIOWAb, PACTIONOKEHbI B
30He THIHMHOrO JIEIHHKOBOro penbeda Ha cesepo-3anage BenapycH B rpanmuax
Hapouancko-Bunetickoii HusuHbl B 6acceiide p. Hapous. Ozepo BatopuHo coenunseTca
¢ 03. MacTpo Hewnpoko# npotokod (5-6 M) niuno# okono 1,5 kM, cHIBHO 3apociue
BhicLIe BOLHON PacTHTENBHOCTBIO CIIABHHHOTO THMNA, 3aMemnmionieit Teuenne. O3epo
Msctpo cpaszaHo ¢ 03. Hapous koportkoit nportokoit (400-500 m) wmpnHO# 3-5 M ¢
BRIPKEHHBIM ~ TeHeHHEM, HECMOTpPA Ha oOMAbHbIE  3apocnW  MOrpyeHHOH
PacTHTENLHOCTH, 3aceNeHHoll MoMICKoM-(puibTpaTopoM Dreissena polymorpha
Pallas. Osepa pasnuuaioTcA no miowanw, rayGuHe, TpoduHecKoMy CTaTycy.
I'uaporpaduueckue n MOpPPOMETPHUECKHE HX MOKa3aTeNH MpUBeAeHsb! B Tabn. 1.
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Taéauya I Inaporpadguteckue u moppomerpuueckue nokasarean osep Hapouancxoil rpynos
(no O. @. sixymxo, 1971)

TMnomans, kv' InyGuna, M
Obbem, LI,
Gz T B - e “Mlu HJ‘:!:& u::ka. Vng;uwun
cGopa | xana S MaibHas aochop
Hapous 279.0 79.6 9.0 248 07104 12,8 9.8 35
Mscrpo 1330 13,1 54 113 0,0700 5.8 42 102
Batopuuo 9.3 6,3 3.0 55 0,0187 3% 24 14,6

Jlpyrue cBeneHus o6 3TMX o03epax W MX COBPEMEHHOM IKONOTHYECKOM
COCTOAHHM NPHBEAEHbI B MHOTOYHCNEHHBIX MyOnukaumax (Dkonormveckas ..., 1985;
Ocranens, 2000; XKyxosa, Ocranens, 2003; u ap.) ¥ HauaBluieM BeIXOAUTH ¢ 1999 r.
«blonneTeHe 2K0N0rHUECKOro coctoaHua ozep Hapous, Mactpo, Baropuson (2003).

B cBAIH ¢ MEHAIOLHMHCA IKONOTHYECKHMH YCIIOBHAMH 03€pa MPOULTH pazHbie
Mepuolisl 3BOMOLMKM HX Tpoduueckoro cratyca. [To KonWYeCTBEHHOMY PasBHTHIO
¢uronnankrona (Muxeesa u np., 2003) seurensoTea nepuoas: 1) ¢ He3HAYHTEALHOH
aHTponorenHoit Harpy3koii (no 1976 r.); 2) autponorenxoro 3sTpotuposanus (1977-
1991 rr.) u 3) neaptpodpuposanus (1992-2002 rr.). Jlo HacTynneHusa 3-ro nepuona o3.
Hapoub OTHOCHAH K Me30TPO(QHBIM, 03. MACTPO — K CpeaHe3IBTPOHbLIM, 03. BaTopuHo —
K BbICOTPO(HLIM BomoeMmaMm. B Hactosumee Bpema o03. Hapous noka coxpauser cBoil
Tpouueckuit cratyc, 03. MacTpo nepenwio B paspan c1a6o3sTpodHeIX, a 03. baTopuno -
B paspsll 3BTPOQHLIX BOLOEMOB.

Ipoueccel 3pTpodMpoBanns M Ne3BTPOPHPOBAHHA CYUIECTBEHHO OTPa3HIIHCh
Ha (HTOLEHOTHYECKOH CTPYKTYPE NIaHKTOHA — ero pasHoobpa3ni, pa3MEpHOM CrieKTpe
BHIOB M HX CYKUECCHAX, MPHYMHHO-CIEICTBEHHBIX CBA3AX B GHOTHUeCKHX coobuiecTnax
n ap. (Muxeesa, 1989, 1992, 1995, 1996, 1998, 2000; u ap.). [NepecTpoeutbie NpoLECChl
B (PMTOLIEHO3aX 03ep MPOAOIKAIOTCA M B HACTOALLEE BPEMA.

Llens naHHOrO WCCNENOBAHWA — YTOYHHTL CHCTEMATHYECKOE TOJIOKEHHE
npeAcTaBHTe el MENKOKIETOYHOrO JAOMMHEHTA (MTOMIAHKTOHA HAPOYAHCKMX O3ep
benapycu u BeIABHTL OCOGEHHOCTH €0 Pa3BHTHA B 3THX BOJOEMAX.

MaTtepHaibl H METOALI

MarepHanoM 1A HAlero HCCHENOBAHHA MOCAYKMAH 00pasibl OCAAO4HOIO
(uTonnankToHa, coGpaHHeie B o3epax Hapous, Msactpo, BaropuHo 8 1992-2003 rr.
KonuuectsenHslii yuer npob nposoaunn B kamepe ®ykc-Posentans ¢ momousio CM
«Laboval 2a-fln, OuscTky nauumped BOAOpOCHel OT OPraHMMeckod wacTH AN
NPHrOTOB/IEHHA MPENApaToB MPOBOMLHIH METOAOM XOMOOHOrO CxkUrauus (BanoHos,
1975). Ins wsyuenus mopdonorun creopok Cyclotella comensis Grun. HCNONB3OBANK
CBM “JEOL-JSM 25 8.

PeaynbTaTel u obcyxaenne

OnHuM W3 NpUMepoB  HecTabMILHOTO  COCTOAHMA  (PUTOTUIAHKTOHHBIX
co0B11ecTB, BhLIPAXKAKOIErocs, B YaCTHOCTH, B HEMOCTOAHCTBE COCTAaBA NOMHHHPY-
HOLIEro KOMIUIEKCA BHAOB, HENPEACKAsyeMOCTH NOABNEHHA H IOMHHHUPOBAHHA TEX WIH
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Cyclotella comensis

HHBIX BHIOB H IPYNIN BOAOPOC/EH, B HAPYWIEHHH X0/Ja UX rOAOBOH CYKUECCHH, ABIAETCH
NoAB/EHHE B 03€pax B MEPHON AEIBTPOPHPOBAHHMA MENKOKNETOUHOIO NMpeACTaBWTENs
LIeHTPHYECKHX NHTOMOBBIX Bomopocneil — Cyclotella sp., KOTOpYIO Mbl TIDHBOIMIH B
csoux nyGnaukaumax (Bronnereus ..., 2003) cHavana kak C. comta var. oligactis (Ehr.)
Grun., a nosauee xak — C. aff. rossii Hikansson. Mcnoassosanue ckaHupyiouei
INEKTPOHHOH MHKPOCKONHH VIS HIEHTH(HHKALMH ITOr0 BHIA M0Ka3ano, 4T0 Mbl HMeEM
neno ¢ Cyclotella comensis Grun., H3BeCTHOTO paHee I1d Tepputopuu Benapycu Tonsko
B HCKOTIAEMOM COCTOSHMH IUIA JIMXBHHCKOTO M MHKYJIHMHCKOTO MEXIeIHHKOBbA
ruieficrolena ¢ oueHkoi obunus 3» — «Hepeako» M «2» — «penxon (Xypeesuu,
Jloruunosa, 1980).

lepBbie HaxomkW 3TOro BHOA MOKHO Ha3BaTh CMopaaHuyeckumu, Gonbiie
NpHYPOUEHHBIMH K BECEHHEMY H OCEHHEMY NepuojaM, HO O4eHb CKOpO ero CTaiu
OTMEYaTh, NPAKTHYECKH, B TEYEHME BCEro BEreTAUMOHHOro cesona. HawGonbiiee
KOJIHYECTBEHHOE pa3BHTHE BHIA OTMeueHO B 03. BaTopuHO c XapakTepHbIMH 1A
JIMATOMOBBLIX BECEHHHM H OCEHHHM MakcHMymami (Tabn. 2).

Ta6aruya 2 Mexronosas w (I-X1I) pazsuThs C) isB
Hapouanckux 03epax B NEPHOA HX ACIBTPOHHP: ( Th, MJIH KA/71)
Ton v v Vi vil Vi IX X
1 ] 3 4 5 6 7 8
03. batopuuo
1992 0 0 0 024 0,02 = 0,96
1993 0 10,71 0.9 0,55 085 0,59 0,06
1994 0 1.93 1,84 332 138 0.08 0.75
1995 0 275 111 0.57 0.88 0.6 1.04
1996 - 02 0 0 0.56 0 744
1997 - 2,76 1,02 0.96 029 0,62 241
1998 = 319 22 6,04 1.56 2,04 449
1999 - 0.38 10.02 4,68 1.76 517 -
2000 = 0.06 5.06 6.4 333 3,52 512

2001 - 1.89 297 1,13 0,42 316 -

2002 0 19 10,5 7.5 4,18 25,08 8346

2003 - 0.66 8,19 483 323 225 347
03. Msucrpo

1992 0 0,05 0 029 0,54 L57 0,07

1993 0,52 276 0,19 1,14 0,18 0 0

1994 23,55 0,15 0,15 0,02 0,06 o1l 0

Ha puc. 1 nokasana cpenHss ce3oHHas AMHaMMKa uuciaeHHocT C. comensis B
03epax M0 MHOTONETHHM NaHHbIM (cM. Tabn. 2). TpoaonkUTeNBHOCTE BETeTALHOHHOTO
nepuoaa np nach p  wectn M — C Mas 10 OKTADPL BKJIOMHTENLHO.
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okouwanue mabn. 2

1 2 3 4 5 6 7 8
1995 ] 024 0.01 0,04 o 0 0,01
1996 0 0.86 0 0 0.16 0 148
1997 - 0,08 022 0,01 0,07 0,05 0
1998 = 0,05 0,08 1,51 0,15 0,05 0,03
1999 - 0,1 0,08 0,12 0,14 0 -
2000 - 0.4 038 0,13 I 0,05 0
2001 - 0.17 0.06 037 0,04 0,68 =
2002 0,14 1,23 0,06 195 0 0,14 02
2003 - 0,55 0,5 0,12 0,68 0,05 0,14

03. Hapous

1992 0,11 0,09 0,03 0,02 0,09 0,52 0,52
1993 1,02 1,19 0,52 0,07 0,08 0.25 0,45
1994 0,12 016 0.14 028 034 0,01 0,05
1995 0,05 084 024 0,12 0,15 0,13 026
1996 0,01 053 0.66 0,12 0,06 0,04 038
1997 0,11 0.01 0,03 0,08 0,17 0,07 028
1998 0,01 0,23 0,03 0,14 028 0,13 0,08
1999 0,04 0,71 0,04 0,13 0,08 0,09 0,71
2000 0 0,14 042 0,07 0,67 0,15 0,05
2001 0,02 0,01 0,01 02 0,62 0,77 -

2002 0,14 0,78 027 0,1 0,07 0,05 025
2003 0,15 047 044 0,12 0.07 0,14 0.12

B 03. BatopuHo cesontble Konebauus yncnenHoctn C. comensis, cpeinme 3a
12 net, cocraBnanu 1,54+1,35 (B aBrycre) — 10,92+25,59 (B oktaGpe) MaH Kn/n; B 03.
MAcTpo MHHHMa/lbHbEe 3HAMEHHA OTMe4eHbl B uioHe — (,14+0,16, MakcHManbHbie B
npeaenax BEreTalHOHHOTO ce3oHa B mae — 0,55+0,79, Ho B atom o3epe, Gnaromaps
onHopazoBo 3a Bee 12 ner (B 1994 r.) 3adHKCHpOBaHHON BENHMHHE YHCIIEHHOCTH,
paBHO# 23,55 mMan KA/ (e, Tabn. 2), MakCHMaLHAs BEIHYHHA CPeaHece30HHOH 3a Bee
rofisl YHCNEHHOCTH cocTaBisna B anpene 4,04+9,56; B 03. Hapoyb MHHHManbHbie
3HAuYEHHA OTMeueHB! B mone — 0,12+0,07, MakcumanbHsle B Mae — 0,43+0,38 mun kn/n.

MeRronoBble pamiiduas CPeNHECE30HHBIX BEJMYMH HHCIEHHOCTH NPeACcTaB-
nieHbl Ha puc. 2. B o3. BatopuHo onn coctansanu 0.24+0,41 (B 1992 r.) — 22,10+31,15 (8
2002 r.), B 03. Mactpo — 0,05+0,09 (1995 r.) — 0,71£1,09 (1993 r.), B 03. Hapoub —
0,11£0,10 (1997 r.) — 0,43+0,42 (1993 r.) mau k/n.
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Puc. 2. Menroaossie koneGanus cp i i u Cyclorella comensis Grun. 8 o3epax
Baropuuo (@), Mactpo (), Hapous (6).

Kak BHAHO W3 PHMCYHKOB, CE€30HHAA [MHAMHKZ H MEXTrojoBble KoneGanus
ancneHHocTH C. comensis B TPeX 03epax 3aMeTHO pasnuyaiorcs, Gonee GIM3KH OHH B
o3epax Msctpo u Hapoub n Z0BONLHO CreunuiHbEl B BEPXHEM B UETOUKE 3BTPOGHOM
03, Batopuuo.
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Taba. 1. Dnextpouneie mukpodotorpadin sHelunell nosepxHoctTn ctaopok Cyclotella comensis Grun. (CIM)

Macwrrab | mkm



Cycloiella comens:s

COrlacHO NHTEPATYPHBIM JAHHBIM, B TPEX DAlHLIX M0 YPOBHIO TpodHOCTH
osepax [epmannn (Grosser Boberowsee — cnaGosprpodmoe, Grosser Wummsee —
mesotpodHoe, Stechlin — onurotpodHo-mMesoTpodHoe) 06biuHO HabnOAaNOCH ABa NHKA
passutusa Cyclotella pseudocomensis (= C. comensis): (eBpanb—HIOHb ¢ MAKCHMATLHON
YUCIEHHOCTBIO B anpene-mae 10 0,1-1,0 man k/n u HIONb-AeKalpb ¢ MaKCHMATbHOM
yucneHHocTbio g0 0,3-1,2 man ka/n (Scheffler et al., 2003). OrmeueHo TakkKe ABa THOA
pasBaTHA Mophotuna «minuma» C. pseudocomensis B 3THX K€ BONOEMAax: AHBAPb—
anpefib ¢ MakCHMManbHOA 4HcneHHocThio no 0,2-3,0 man kn/a n Hosbpe—nexabps c
MaKcHMAaNbHO| uncneHHocTbio 1o 0,2-2,0 man kn/n (Scheffler et al.,, 2003). Ilpu aTom
MuHUManbHoe passurtie C. pseudocomensis U MOPGHOTHNA «MiNUMa» HMENO MECTO B 03.
Stechlin, makcumansHoe — B ciabossrpodom 03. Grosser Boberowsee.

ITo nurepaTypHbiM NaHHBIM, C. comensis OTHOCHTCS K PEAKHM MPECHOBOAHBIM
MIAHKTOHHBIM BHAAM, XapaKkTepHbIM [UIS CeBepo-anbHiCcKIX BogoeMoB (Onpenenurens
.., 1951; Krammer, Lange-Bertalot, 1991; Kossipeuko u ap., 1992). [lnameTp cTBopk#
Bapbupyer ot 7 10 12 MM, uucio mtpuxos 16-20 B 10 mkm (Onpenenutens ..., 19515
Krammer, Lange-Bertalot, 1991; Kossipenko n ap., 1992). CornacHo nanHbIM APYTHX
aBTOPOB APYrMM AMAaMeTp CTBOPKH coctasnser 5,5-14.5 mkm (Hakansson, 2002). B
OJIHMX CHCTEMATHYECKHX CBOJKAX YKa3blBAeTCA TaHTEHTAIbHO-BOJHMCTLIH penbed
cTeopkH (Onpesenurens ..., 1951; Kospipenko u ap., 1992), B Apyrux — pagHaibHo-
sonuuctsiil (Krammer, Lange-Bertalot, 1991; Hakansson, 2002). Henasno 6bin onucan
Hoewlit Bua — C. pseudocomensis Scheffler (Scheffler, 1994). 1o naHHbIM aBTopa, OH
otnuuaerca ot C. comensis TAHTEHTANbHBIM penbedoM CTBOPKH W GonblMM uMciom
wrpuxoB B 10 Mxm (20-26 B 10 mxm). [Tozauee Gbi1o nokasaxo, uto C. pseudocomensis
HMeeT ABa MOp(roTHNA, MPHYEM BTOPOI — «minuma» HeGonbWOoro pasmepa (2,5-7 MKM),
B oTMuMe oT mopdoThna «pseudocomensisy HMEET MIOCKHE WIH CJIErkKa BhITYKjble
ctBopky (Scheffler et al., 2003). Kpome storo, asrop C. pseudo-comensis Bbipasui
YBEPEHHOCTh B TOM, HTO MOCHEAHMI Bl ABNAETCA CHHOHUMOM C. comensis W NpUBeEL
ApYrHe JHANA30HB WIMEHYHBOCTH JUTA MOC/ENHEro: THAMETP CTBOPKH — 2,6-14.8 MkM,
aHeno wrpkxoe B 10 Mk — 14-28 (Scheffler, Morabito, 2003).

B Hawem marepuasie JHaMeTp CTBOPKM Bapbuposan ot 4,8 no 14,4 MkM, uncio
cocrasasno 20-25 B 10 MKM, KpaeBble BBIPOCTHI PACTIONArajHUCh Ha KakI0M BTOPOM-
neBsToM pebpe (Tabn, 1; 11, /-6). Peabed) LeHTPaNbHOro NoJAs CTBOPKM BapbHpPOBan OT
TAHFEHTANBHOTO [0 MIOCKOrO M MOXHO ObUIO mpocienuTs Bee nepexonst (taéa. I; II,
1-3). Yueno m pacnonoxkenwe fakyd ObLlo BecbMa W3MeHuHBBIM. Ha cTBOpkax ¢
CHABLHOH TAHTeHTANBHON BOMHHCTOCTHIO akyH Ob110 Gonbiue Ha BOrHyTOM yacT (Tabn.
I, 1-6). Pacnonoxenne NaKyH Ha MJIOCKHX CTBOpKax Dpuio GecnopsapoudsimM (Mekue,
Tabn. 1, 8; 11, 3) win cxonneim ¢ C. ocellata (kpynasie, Tabn. I, 9; 1L 1. 2). MopdoTun
«ocellata» BcTpedaeTcs My Apyrux npeacrtasureneii poga Cyclotella: C. polymorpha
Meyer et Hakansson (Meyer, Hakansson, 1996), C. tripartita Hakansson (Ienkan,
Bonaapenko, 2001), C. notata Losevae u C. scrobiculus Alesch et Pirum. (Ko3biperko u
ap., 1992). EnuHcTBeHHbIM LEHTPANbHBIA BHIPOCT WMen ase onopel (tabn. I, 7).
KpaeBbie BHIPOCTbI TAKXKE MMeJH ABE ONOPbI M pacnoiaranuck Ha yrayOGneHHo#
MeXKaTbBeoNnApHOH nmeperopoake. OpuenTauna wenu asyryboro BeIpocTa BapbHpOBata
ot panuansHoi (tabn. 11, 8) no nepnenaukynaproit (tabn. I1, 9) Kk MexanbBEONAPHBIM
TIeperopoiKaM.
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BriBoasi

1. DNeKTPOHHO-MHKPOCKOMUMECKOE H3YUEHHE MENKOKIETOUHOro NpeacTaBu-
Tens posa Cyclotella (C. sp.), nossusmeroca B Hapowanckux olepax (Benapycsh) B
nepUoa UX Ae3BTPOGHPOBAHNA, TOKA3AN0, YTO OH oTHOCHTCA K C. comensis Grun.

2. C. comensis B WCCNENOBAHHBIX 03epaX pa3BMBAETCH B TEYEHHE BCEro
BEreTALMOHHOTO CE30Ha C BECEHHUM H OCEHHHM MUKaMH.

3. Ce3oHHas M MeXrofoBas OWHAMHKa wucneHHocTw C. comiensis B wWccne-
ZIOBAHHBIX 03epax HMEET CBOW 0CODEHHOCTH, OHa cXoiHa B o3epax Mactpo u Hapous u
Bonee cneunduna B 03. Batopuso.

4.B o03. BaropuHo C. comensis NPOABNAET 3HAYHTENBLHYIO HIMEHYHBOCTH
KAYEeCTBEHHBIX M KOJNHYECTBEHHBIX MOP(ONOrHYECKHX NMPU3HAKOB, MCTIONB3YEMBIX IS
JAHAarHOCTHKH BH/A.

T-M. Mikheeva' & S.1. Genkal*

'Laboratory of Hydroecology. Belarus State University,

4, Skoryny Pr., 220050 Minsk, Belarus

?L.D. Papanin Institute of Biology of Inland Waters, Russian Academy of Sciences,
Settle of Borok, Necouzsky District. Yaroslavl Region, 152742 Russia

CYCLOTELLA COMENSIS GRUN. (BACILLARIOPHYTA) IN THE
LAKE NAROCH (BELARUS) ECOSYSTEM DURING DE-EUTROPHICATION

The Lake Naroch ecosystem (Lakes Naroch, Myastro, and Batorino) have passed through different
evolutionary periods of their trophic state: 1) the period with insignificant antropogenic press, 2) the period of
antropogenic eutrophication, and 3) the period of d phication, which was panied by il
changes and an instable state of phytoplank ities. During de-eutrophi the ion of the
centric diatom Cyclotella comensis Grun. in the lakes was revealed; recently. it was recorded in Belarus only as
a fossil. Data on seasonal dynamics and inter-year fluctuations of species number for 12 years of observation
(1992-2003) are given. An electron microscopy study of merphological variability of C. comensis from Lake
Batorino is presented.

Keywords: lakes Belarus, Naroch, Myastro, Batorino, hicati de-eutroph
Cyclotella comensis, seasonal and inter-year fluctuations, morphology.
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