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lcturyt duonorun All NarnCCP, Caxaonwac

DEIDIE WPMEHRHHY LAPOROMIONENTHOI'0 COCTABA
MOICKON CPRJIM A PASDUTHE MOHOKYALTYP
ONIOKAETONNX BOMOPOCIEN RIICKOr0 BANTHBA

[Ipi MPOriosnponan 3ArPA3HENHA BOJOEMOB OTXOMIA-
M XIAHYeCKoll W pyTHX BRLOB [IPOMHUUICHHOCTH BAXIIO8 3JHadelma
MeaT ONpeflesicHne CTeneymn TORCHYNOCTH coemmiemnil TAXOAHX
MeTAIOB, OHOKATAJITHYECKHe W TOKCHMecKkne CBollcTBA KOTOPHX
HPOABASDTCST PN IWMIKKX YPOBILX COAePXANAA WX B Bonoome. Du-
COKAN WIMOIMWDOCTL CONEPRANAA H COCTABA MWKPOKOMIIOH@NTOB
PPYILIH MeTATOB D MopeKofl cpelie onpefie/uieT HeOOXOIMMOCTh
necaeoparma GUONOTRYACKUX NocAeACTBNA, PHABANHHX nellcThHem
jamnoe coamnennll, YYuTuBaA, YTO BMUTHAC TOKCIKAHNTOB A 3KO-
ciHCTeMy OCYWeCTBJNETCA Yepea OTJeJsllie ee 3IpallbA, NpencTan-
ULI0 iTepac NpoBecTi 9KOJOI'0O-TOKCHRKOJOIMYECKHe HecJiefloBa—
HHA € MOPCKUMH MMKPOCKOMAYECKHMH BOJOPOCILIMU — OCHOBHHMA
NPOAYUEHTAMY OPraH¥YeCKOro BEwecTBA B MOpa.

I} sETepaType BCTPEYADTCA JMUL OTHEABHHE CBANEHAA MO
UMD coMell TAXEUX MeTAJUIOB Ha XU3HecnocodlocTh MHKPO-
crommeckix Bonopocheft bantmilckoro wopa /14, 16/, a naunue
110 TOKCKHecKoMy ne{lcTBAD CBHNIA A KAIMAA HA MOHOKYJNLTYPH
ponopocaell FanTrlickoro mMopa OTCYTCTBYRT.

B wamelt padoTe chmesana NONWTKA OMpelewTh ycTollMWBOOTH
OMMIORA@TOYNNX Bojopocaell PRACKOrO 3a7MBA K COJUIM TAXEJHX
METAMLIOB C ECHOJB3OBAIMEM B KAYECTBE lloKasaTensil TOKCHYHOG—
TH HHTENCHBHOCTE pocTa W MOpfONOTMYECKOE COCTOANWE KJIBTOK
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Bojlopocael,

Matepuax ¥ MeTOAWKA .

I KA4YeCcTBE TOKORKAETOB HCNOALIOBAML CJoILyxue

coOJM TAReNUX MeTaMLNIOH: I.‘bl.'u.:,'| Sudso et 03 GBS0, X

% SN,0; Mecl,. . JlpA 3TOM MCXOMIM K3 TOro, 4TG Haks
noero ::"me.mae MoTALM BCTPBYANTCH B BOlle B BILIE Heopram-
yeckux coemmenul /6/, OxcrniepmmedTANbHHM [MyTel: GHAH HONOC--
[NH OJIEIYTUHO KOHUEHTPALUN MEeTAMN0B: JULH CBUHIA I Melr -
[; 10; 100; 1000 mxr/a, mur gamuy y prymd - 0,15 1; 10;
100 mer/s, NoAyyennwe naisue OLIH CONOCTABJABHH € COOTRET-
OTEYOUMMY BOJHIMHAMI B KONTPONBHOM BapuaiTe. \lCCiaenoBainu
WPOBOMUIN HA- WeCTH BUIAX HAudoJNee pacrmpooTpaneniux B Pax-
CHOM 3RJMBe JNATOMOBUX Bofgopocheii, 9Ta rpyina pojpopocheii
cocrasader dones wem 1/3 uronnankTona PMRCKoro samisa,
B To ¥e Bpema JuaTomMed mpejcTapiumoT codofi nandonee Bamityw
rpymIy (OTOCHHTOAUPYIUAX OPraHu3MOB, OIM CHIITELUDYDT 38 Iau
OKOJIO TIOJIODUHL OPrANIMEcKOro yTJepofa Ha Bemuom mape /1/.
[ npopopux JKCnepuweHTaX B KAYECTBE TeCT-00LeKTOR dium
HCHONLIOBAHK CASyDIME BUAH AMATOMOBHX Bomopocxael: vorcinc—
Meoua grontt, Chaetoceros wignamii, Dintoma clongrtum,
Thatunslontira nana, Thnawnercloolyy taltien, Scetetonom.

cattatum. Donopoc/my BUREULBI B AATOJNOIMECKN

MNCTUE KYALTYPH M3 NPUPOMINX nomyamntt, amanTupoRad K fid-
COPATOPINM YCJIOBIUIM K BUPANMBAILL ua tmTaTeasnoll cpella 'oani-
depen B mowspnxainm D,.T'.Kadanosoil /4/. Cpeny roropwms na
on3e NACTEPHIOBANION BOW PixcKoro samea. BOLopocK# Kynb-
TRHApOBAMM 1 nadopaTopiux Yyenobuwsx no metomike J.A.JMauckolt
/5/. YauTiBan 0000eMNOCTH TOMIEPATYPHOTO pexnMa Fasrruilcroro
MOPA, TECT~OGhEKTU KYAhTHEBHPOBAMMCE B GOKCe ¢ Kommumonnol
ycTaHoBKOH W NPl MCKYCCTBeINIoN OCBemeiuy JAMIAMS 1ieBHoro
oneTa, Dojopocan, BHuesennke B KyALTYpe B Bocenie-oceHnnli
nopiton (Y=YI u IX=X), Bupmepxupany B nagdopatTopui NpA Temre-
parypa 10-127C, sunesesmue ®» Aeminfh napaon (¥YII-¥il), - wpm
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TemilepaType 15-17°C. TOKCHKOAOrHYOCKNe ONETY CTHBAJM npmu
TeMlepaType 12419C u wnrencnBroOTH OCBemonmA 5 THO. JK.

Conepsanie OTHOCHTEALIIO BHCOKHX KoHuenTpauyil opraim-
18CROr0 BEWeCTBA B PUXCKOM 3aymbe cnocoGCcTBOBAJIO OHCTPOMY
PAMIORAIID MIKpoopraimamol B mirraTeasloll cpene. YauTuBadg
2T0, KYARTYPH nopecenBa i B CheXyD cpely Hepes kaxmie 2-3
cyT, o Bpama skcnepuMenTa BOJOPOCHH HOXOJMJBICH B 3KCOOHOI-
imanknoll fase pocra, OnuTu ¢ GoJee KPYTIHHMH BOAOPOCJUMA -
‘oprtnonlcenas granid N Dintoma atongstam —~ MPOBOMHIIA B
CHEIMANBLHO A3OTOBNENHEX CYETHIX KAMepax W3 Opraffyeckoro
CTERAN, C OCTANBINME BUIAMH - B RoJdax Opaewmeflepa. Odbemu
PACTROPOB, HCHOABLAYEMUX JULA WCCAelOBANNA, COOTBATCTBEHIO
coctamuum 2,5 1w 10 ma, llojover kaeTOK OoJiee Kpymiux BONO-
poonell MpOBONRAK NOM CTepeOCKOMmMecKAM mukpockonom MEC-9,
donee MeXKWUX (tu‘.'ela tonamn costutum, Cnaetocaros wignamiti) -
non ssrpockonom MREI-15.

PeayaeTaTh W X O0CcymJeiHe

PeaynnTaTi TOKCHROJOIHAECKHX Wcosenopannfl cprie-
TeALCTHYDT O BHCOKON 4yBCTBHTENBHOCTH MHKPOCKOIHYEOKIIX BO-
fopocaefl PEXCKOro sanwpa K OBWHILY., YMepemiue RATPYSKM 3Toro
metana (I u I0 mxr/n) B Teveums I OYT BH3NBADT CTHMYNALMO
poOTA KJETOK y BOBX MNOMCHHTHHX KYJABTYP, YTO BHDARABTCA B
yBeJm9cHAA 9HCJA KAeTOR B cpojHem Ha 30% no cpapneimm o
konrposem (puc. T,a). Tlpn NpoNOSXETEABHOCTH ORCIOSHIBI N0
7 cyT ¥ UOKOTOPHX BHIOB PUTONMANKTONA OHAO o0HADYXEHO CHM-~
XeHAO OTHMyUIITOHHOro 3fiperTa MPONOPIMOHANIBHO ITPONOJIKITENb—
HocTR nelioterA TokcmranTa (puo. 2). KpaTKoBpeMmeWnaa OTHMy-
JAIMA pOCTA RJIETOK BOflopoc/icdl, mo-BUAHMOMY, CBA3AHA C MOOGH-
/m3aiel B OpraHdsMe HOTONIMANKIHX BOSMOXIOCTeR JUIA coxpalie-
U1 HOPMABLHOTO ITPOTERANNA NPOLEeCCOR XH3HeNeATENBHOCTH, WTO
BNPABABTCA KAK DEAKIHA HA OTPHIATENBEHOE Bo3NellcTBHE TOKCH-
xanTta, Tlo Mope ypemmyenwA KOMUGHTPALMW CBRINA B KyJLTYpaib—
Holl epefe paA3MIORENED BOROPOCHeR BHATHTONLIO SAMOJLIETOA,
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lpy kormenrpaimn 100 MKC/N y COJBUAHCTBA BMIOB yE& uadno-
JaeTca 3HAYATOJILHO@ CHHXGHNEe HHTEHOHBIOCTA pOCYA ILieTat -
no 93% no cpaBHeHMD O KOHTPOJBHHM BapuanTom (em. pac. L,al,
a noone I CyT BKOMOSHILMM YKOJIO KJAGTOK B CPOJIEM CHIZACTCA
Ha 508,

. OnuTd nokaszasmm COJENME PA3NAULT B 9Y3CTRAUTOILHOCTH
OJIHOKNETOYHUX BOJMOpOOJeid PHXOKOro BajufBa K NpUCyTCTBID TA-
XeJsux meTaJuroB., Tak, Hampimep, KyJBTypH Bonopocselt Cosoin.
digous granii’ M T'holnesiosire balticn MPOABIIN Co-
Nga BHCOKY® YCTOMMMBOOTE K BHCOKMM KOHUGHTPAIMMM CBUITA 1O
CPABHEIN C JPYTHMA KYNBTYPAMH. B onuray MPONO/THTENBUOC TR
7 cyT ¥y noonemX HAGMOIAMACH CTHMYNAINIA POCTA WIETOR IAXS
npi KoleHTpaimy opuHr 100 mir/a. Camoll Bucokofl 9yBCTHI-
TOJBHOOTEY K CBUHIY OGJA0JIANA DOJIOPOCIHD Chuetoceros wighami,
YTHOTEHMa poCcTa KIeTOK KOTOPOH NpOABISUIOCHL YXEe I KOHUeuT-
paig 10 mxr/n (oM, pro. 1), B upHoyTCTBNM CBMHIA B KOMI(CIIr-
pamax 100 w 1000 mxr/n yepes 7 cyT onuta 1 muanack 100%-
HAA rudesp KAVTOK Chantocaraos wighamt ( . . 2),

Kamatl, no cpaBneimm Co epmimioM, Wul Bojop el Puz-
croro saympa doyee Tokcmyed. [Ipu skcmosmuem I cy mpE3HAKK
ocTpoll TOoKCHYHOCTH (yMeNBMEeHHe YMCJA KA8TOK Bo,ndpoo.nen o~
Jee YeM Ha 50% Nno cpasHenwn ¢ KONTPOJAM) BHABIUMCEH yXe IpA
rouuentpaiEs xampua 10 mxr/a (puo, I1,6), A mpa KouenTpasi
100 mxr/n XM3IHeNEATENEBHOCTE BCEX MOMOMUTHHX KYJBTYD MpALTii~
4ecKN Npexpamaiack 4depa3 7 oyt (pwe. 3,8,0). Crmymmma
pooTA KJBTOK HAGKONANACE JMIE NpH Komuentpammax kamawm 0,7
u I mer/n (cm. puo. 1,0, 3,a,0) If LOCTHATAJA MAKCIMYMA B KON~
ne akcnepumenta (4epea 7 cyr). Tak ®e, KAK W B ONHMTAX CO
CBHHIIOM, H3 BCBX MONOMHTHHX KYyAbTYp camMoil Bucoxoil Tokcuxo—
pO3NOTEHTHOCTED OGJANANA KYJbTYpa Bomopochieil coccinadiseus
granii. B Hadane okcmepEMeHTA pOCT KJABTOX 9TOll BonoOpQeJm
NpY KOMIOHTPRIDM Kamwmd 10 MKT/3 He OT/UfYASTCH OT KONTPOJT,
llonaBKek:e XH3HECNOCOCHOCTH NMPH TOH Xe KOHLeRTparun({ 01MoYa-
Jock Jows mocye 3 eyT skcmosuimy (oM. puc. 5), llo-pummiony,
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Coscinodlcoun granil Tarke He crocodila NAUTEALNHOZ BPCMA
IrpOTABOCTOATE MelloTBRU BHCOKON KONLENTPAIDIH KAJUOis, # MoGi-
JIM3AIRA BCEX NOTeHIHMANBHLX BOBMOKIOCTEN OPraimaLa I co-
Xpanginsa HOPMAJEHOIO JIPOTORAHAA XUSHEACHTHILHOCTH ARIeTe
KpaTkoBpeMeHHOM ,

Counent ¥ kajpil OTHOCATCA K MUCHY Halmelee Hayueniux
B BOINIONl TOKOWMKOJOrAM BJAeMenTOB. Chejpenus o nefleTnia Yoy

td Ha Mopcko!l ¢MTONMANKTON B JMTEPATYPE DCTPETADnTCA D pa-
dorax C.A.Mlatuna, A.M.Udparwmsa n B.Il, Travemxo /3, &, 9/.
[pin CcpaBHEHHM NAINAX JAHHHX O NOJYMEHINRs! PedyabTaTamMi no
HCCNBJIOBAKAD ONHOKNETOYHHX Bomopocell mximx uopell okasanoch,
NTO MHKpOCKOTMYeCKHe Boxopocw Bantafickoro mopn donse wyn-
CTBHTeNBIH K NellcTeuw Po g 0d. B KpaTKOCPOYHUX ONUTaxX C
KYyALTYpaMu JMATOMOBHX Bofiopocyell wxuux mopell B Jutanasone
Konuanrpaimi v mud or I mo 1000 wmmr/a ofnapysena anaun-
TOJBHAA CTHMYJAALMA POCTA KJETOK, HoCTHrammas miorma 2009
10 cpanHeinm ¢ kontpone™. lurudspywuee neiloaTBue TOKOURANTOB
30PerucTpIpPOBANO Jourk B KoHle nepeoll ¥ B navane eTopofi ne-
NOJIH HavMiant ¢ KOMHeHTPAIDM b | va 100 mwr/a,

Bimsmnie PTYTH HA Pa3BATHE (HWTONAAIMTOHA UIAYUCHO PO
COBGTCINX W 3apydeknux aBTopoB, Ilo nad/mpenun C.A.laTima
/8/, waetku Bonopocaell Kacmilickoro Mops NpH EOKIENTPAIIH
pryTd 10 MRr/a nornéawT K xoniy nepeix cyTok. B onutax c
LrOAOrYOCKM YIICTIAH KYyJABTYPAMI MOPCKIX BoJopocaeil Guno
YyCTOHOBICIO NApacTalue TOKCIMecKoro a{dekTa Npu ynessrde s
KomenTpaium g or 1 n0 100 MKr/a DRAOTL A0 NOANOTO Npexpa-
meriul KiNsneicATeNbNOCTH KaeTok, [lo miemwmo Ilyan, wnirudipopa-
NI POCTA KASTOK (ATOMAAHKTONA HAYKHACTCA NMPH KOMIC!HTALL
ity Brawe 0,6 mxr/a /15/, a komentpaiotn 6D mxr/n yxe aptner-
ci neTanpHoil JUIA BCeX BHIOD duTomnauktona, Xapne /13/ yera-
HODIA 3NavMTeNbHo8 TopHoXeHie OToCHITEeTHYeckoll akTHBHOCTH
Bostopocaell mpi konuewTpawwx He 0,1-50 mxr/a (ppemt sxcnoan-
wm [=5 cyr). liyan /I5/ atmevnet cinxenie $OTOCHHTE THHCCKOI
anTarnooTH o 505 B Tevewno 4 CYT ¥ BONOPOCAN MnerocYatin
preieeen PR KOHUONTpALMY 50 mxr/n. Npi gomentpaism
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pryra 100 wKr/a it npd TOM Xe BpeMenn IKCHOSHIMH Ol0 oTMe=
Yeno noJsiloe OTCYyTCTBHE MpolieccoB (OTOCHHTE3a.

Coraacno pesyastatam namux padmonennit, xonuentparum
prytn 0,1 w I wmxr/n Moryr oxasupaTe onpejiesieHios CTHMYJMpy-
riee meldcThite HA pasBUTHE HOKOTOPHX ONHTHUX KYJBLTYP BOIODOG=
neli Purckoro aansr (eMm, pue. T,8), Jlaunue donee JUntTeIBHHX
OlUTOR NOATREPULT 9To MieHne, [IpM HEBUCOKHX KOHNEHTpAalpnX
Hy¢ B cpene oTMeqeda BUPAXENHAA CTHMYJAALN pocTa KAETOR ¥
nratomoBoil Bofopoosm hnctecaros wignnell < YHEJIO KIBTOK
npn ronuentpawmm pryn 0,1 wmxe/a noctrrear I36% no cpasne-
HUD C KOUTPOJIEM,

Ypemmeine kowientpauns Hg ¢ 10 u o 100 mer/n (cn.
pac. T,R) 3u0epRUBANO POCT KABTOK BCEX HCCASNYEMHX BUIOR
ponopocne(l wa SO-I00%, Yepe3 7 cyT UpPH KOWICHTPAIMH He
100 1w'/n HAGTONAROCH NOAHOB Mpexpamenue Xu3neaeaTeNsI0CTH
BCEX OKCIEPUMEHTANBIIHX KYyAbTYp. BHCOKAA TORCHYHOCTE DPTYTH,
O4OBAMAIO, OOBACIAGTCA YINfBEPCANbHEM CHOXHMITIOCKUM MeXaHwus-—
MOM ee fgeilcTBiA. Hg cnocodia GJOKUPOBATE HEROTOPHE dyimimo-
HAJTBHUG Tpyind CeJKOB H RHMUORpoBATH NelloTBAe OTHeABHUX
xiagenno snx depmenton /11, 12/,

D nedoasumd N03AX MelIh ABAAETCA HEOGXOJMMUM 3JIEMeHTOM
JUUT HOP®MAJIBIIOTO POCTA R PA3BATAA MITKPOOPraHnamoB - dakTepuit,
rpndop # ponopociell, B NOBHEeHIHX KOHLEHTPAIIAX OHA ABJASET—
C/l ANBIRIEAOM B UDIMEHABTCA JUIA YHKYTOXCITA Bomopoose# » Bo-
noemax /10/, MonoGio PTyTH, Mejih B SONLIMX KOHIIGHTPAIMAX
ARMABTCA CHWILHUM HHIROHTOPOM KJIBTOYHOTO MeTAdOJM3MA,

JlaitHHe OMHTOB N0 M3Y4elHD BOLTHHA MellM RA pPASBHTHE BO—
nopocnefl PExckoro 3aJympa OpelcTaBieHH Ha pre. I,r. DpemeHue
yuepeniux xo3 meym (I # 10 Mkr/a) B KcnepuMelTANBIHe CHCTE-
MH CTUMYIPYeT POCT KIETOK ¥ Chaotocaros wighamit  ha IS0%,
llpw koHuenTpastax wemm 100 w 1000 mxr/a y Beex MONONUTHHX .
KyALTYP HAGINIAETCA CHHMXEIe CKOPOCTH NeNeHwa KjaeTok ¢ 60
no 90% no cpabiierno ¢ koutponem (em. puc. 1,r). ¥ concine
digcun granti ¥ Thnlasstosira uniticn  MPH 9TRX X@ KOHNEHT-
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NN Medsl Hadasoceren [00%=Had ridefs KAeTOK B Te4eiue
I eyr., Komwanrpows memr 1000 MKI/n B nayane nepnoll nenesiu
TenaAack JAeTaghiol JUTT DCexX Uecae)yemux BHUIoH,

Trxemie MeTAL OKAINDAKT RUIANKE HE TOJLKO HA Temi
joOTH N REXMBABNOCTL KJIeTOK BOmopocnefl, HO W MOTYyT CTBTh
Vpwnoft nexoTopux MophosornocKx HaMEeHeHWl KA0TOK (OM.
jne, 1,8), Tar, nanpimep, nocae XpoWAYeCKOro NeflcTBRA Bl-
CONX KoneRTpamtft cu, Hg i P paduonaeTceA pasJMtiEA B pasue-
[91% RAGTOK Comuinodiscus granil: B mpucyTeTmun 1000 wa/a

wBio 0100 MKD/N jg KIBTHN Corcincaisous graunil YMEHEB=
mnMTeA B pasuepax, Kpowme TOTo, WMeeET MECTO WSMEHEHHe OKpao-
W Bojopocasl - OMHTING KYJABTYPH NpH NelcTBHA KonuenTpaimit
g W oon Gnemient, BeposTHO, 9TO CBABANO € HAPYWeHHeM Mpo-
flericA GHOCHNTE3N TUTMENTOB B FCAOBWAX doxbumx KonnenTpamsi
rrveuMx metamion: pryTi - 100 Mer/a # memt - 1000 mxr/x.

Il xone HKCOEpUMOlTA NPY BTHX Xe KOHWNeHTPALMAX Yy OOJBLIHACTBA
CUHHTHEY #7A%TY P HAGIONANHCE AJbLONHU3AINUT KJAETOK M JIM3HC,

YRG0y . CIM Climetuceros wichamit, WAPOKO pacmpocTpaHel-~
nodt p oROTAL KCKOTO 3aJMpa, IpH CONBUMYX MO3AX TAXeX Me-
TANWSL o ) A9 eNio MeCTO ymMeHbmelnle 4KCJA KJIETOK B leloY-
e, Tax, uauprgep, ecaM B KOHTPONLHOM BAPHANTE ¥ Chnetoce—
vor wighamiy  HEHCUKYW B OOJBIGAIICTRE CAYYAED COOTOAJNH 3 15-
U5 KAGTOK, TO NPy KOHUEHTpMOIX couiua u mems 1000 Mxr/a o
pTyTH B aman 100 MED/4 YHCJ0 KI8TOK B 1ENOYKAX COCTADWIO
4-10, FPacpnan mminiz usnovex sonopocael na dosee KopoTKHe
NpR HeGJArCOpRATHI LT AMBHN YCJADRIWIX XAPAKTepeH A8 BORO-
peciefl capatauitng wrrroniy It Chantocerus eurvisatua,
4yTo Tarxe Owao noarreprioto n padorax .B.Mopososoli-Bonammui-~
roil, A Jlsicked w A0, 2rypoecrolt /2, 7/,

"' Mo muenmn Kalloepa /14/, coamange KysbTYp Dofopooieh
VABAHX ITAMMOB 1103D0OJIIT ofpasoBaThk HecJAOKNLe coodmeoTBa JUIA
NUAYITEHRA HCKYCCTDCIIINX HIOCHCTEM, NA KOTOPHX MOXno oynert
UPOBOMATDE WCCARNORHIUG N0 WINANAD TAXEAHX MATAJUIOR HA TH
"TOCHC TEMH ,
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flo Miemna »nornd aBTOpoR, IUIA NOJy4veHuAa noJmoro npen-
CTABJAENIA O WHOLHELI TOKCHKANTOB HAa pasBuTiHe Bojiopocaell on-
HOP'O BANA HeodYOoJNMMO0 CTABITEL ONUTH © KJIOHOBHMH KYJALTYDAMA
opyiofl nomysaliits,. 'YKOBOJCTBYSICH OTHM, OIUTH 00 CBHHIIOM,
prurGie, PryTLO M MeJED MH [TPOBOJUUM ¢ NECATHD HKJOHOBHMH
LYABTYPaMA Cosoinodisuue gronii. [lodyyeunlie naHHHe NOKA3H-
FADT, Y9TO B NPHCYTCTBEN HeCOJBNIIX J03 TOKOWKAHTA CYUECTBeI-
HHX pA3JU9iil B TOKCHKOPE3HCTEHTIOCTH KJIOHOBHX KYJARTYpP ONi~
lowneToyHux Bopopocseil He nadymnaeTcA. OTH pAas/MYUA HAYH-
HADT MPOARNATLCA TOJLRO 110 Mépe yBeJM4YeHna KOWLeHATpalyu
TOKCURAHTA W ITPONC/KHTENBIOCTH dRcuepimenta (puc. 4, 5).
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MOCAPNOBAH L1 ArA H PACTINFUFJRIT @ TUTVIATEN TUnn
SrLpDIEa OF FHYTOPLANKTON COMPOSITION AND DISTRIBUTION

QITOIIAHKTOH  FAITINICKOIO MOPAl B MAPTE-AIIPEIE 1984 r.
M.A.BEAJIOJE (MuctutyT Omonormn AH JiatnCCP, Pura)

llocTosHHEA KONTPOJL COCTOAHMA BKOCMCTEMH BanTuilckoro mopsa kpak-
2 BAXEH B CBA3M C YCHMBAKUWMMCA 38 NOCJAGIHUE JNECATUNETHA 3aIPA3-
enem [1,6]. lla PUTOMNAHKTOH - ONMH M3 OCHCBHHX OCLEKTOB pPeryaap-
X nccaencpaditt 3HawiTeABHOE BAMAHME OKAJWBAKT PeHOJOrMYeCKHe AD-
°HMA. B Hactosuell padoTe paccMATPMBABTCA BpPEMEHHAA JAMHAMMKA K npo-
TPAHCTBEHHOE pacnpenenehne PUTONNAHKTOHA M KOHUEHTPALMKM XJOPodUa-
1 "a" B oTkpHTOR uacTn Baatulickoro Mopa B nepuon, npemmecTBylulMi
CeHHeMy "upeTeHun".

Martepuan 1 METONH

Hocaenopauua NpoBonan B Mmapre-anpene 1984 r. wa TUCY "lpodeccop
" v AN,
‘prefl lopopeen”. PalloH otGopa npod oXpaTHA OTKPHTYO 4acTh baiaThit-
:oro Mopa (IS5 cranwh, pacnosioxeHHHX 3a MCKJNYeHHeM cT.81 HA Beko-
M paapese) M paspea Bentcrmnaca (4 crampm) (puc.I, tada.l). Ordop
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WPGT T uenTPAABHOM pAasSpese NpOBOIAIH ABARNE: U 19 no 27 mapra no
HANpaABAGHAD © cepepa Ha or, C 31 mapra no 4 anpeas - Cc KOra Ha ceBep.
[lpoou oToupasm B spporudeckom ciace (0-30 M) uepes kaxnue 5-I0 M no
riyomne. Mx KOHUEHTPAPOBAJH Merolom olpaTHOH guakhTpaimn 4yepes auep-
Hue Guabtpu (pasmep nop 1,5 mim), Bunycxaemue OOHEMHEHHHM MHCTHTY-
TOM snepHux nceaepopaiui (r.Jlyoua). duasrpopasu I a1 sond. Jia gur-
calmy¥ HCnoJib30Basu pacrteop Jloroaa ¢ ykcycHoll kuciaorolt. UnciaeHHocTh
IVIAHKTOHHHX BOJOpochell onpenessnn METONOM NPAMOIO CHETa NOJi MUKpPO—
CKOMOM  "AmplivalTOHOMACCY BHYMCJAIN METOHOM IeOoMeTPU4EeCKOI'c 1oLo-
oun [4,9].

Tatnuna 1
Hexoropue xapaxkrepHeTHx cTaHimft ordopa npoG urTOmaHKTOHA

Homep lpora lloaroTa I'ayGuna, | llpospayHocTs,
CTAHIMH M M
25a 59923 21°%11" 125 6,5
27 59 0I 21 05 170 10,0
F 57 22 19 57 240 -
38a 57 23 20 38 80 9,0
39 57 23 20 51 55 -
39 57 23 21 o7 70 9,0
40 57 23 21 20 36 6,0
46 56 05 19 10 101 -
49 55 43 18 26 105 15,0
58 55 20 17 20 74 14,0
62 55 10 15 57 93 7,0
BI 54 36 14 26 29 -
BY-1 55 00 I3 18 47 -
MC® 54 53 13 54 44 2,5-10
59 55 12 16 36 62 =
43 56 42 19 52 154 - -
3L 58 00 19 54 192 -
30 58 37 20 20 110 -
22 59 26 23 09 93 -

*
MHOTOCYTOUHAA CTAHLMA.

llan onpeneneHMa KOHUEHTpaIMu xaopofuana "a" MOpPCKY®O BOJY
(1,5-2,0 2) qmabTpopamu vepe3 snepHHe PUALTPH, NOKpuTHe caoem BaCOg.
Hamepenus Ha cnexTpodOTOMETPE M PACHETH BHIOJHEHH MO METOJNNKAM
KHECKO [7] n Crpmxaruma » Menconr~ 7],



Heero aa nepuoa Hecaeqomainn OTOOPARY H COpACOTAHO 1l< NPpOU BOLH
AR KANECTPEOHNOIO M KOAWYeCTPeHHOI'O BHNAJAW3AO PHTONNAKRKTONRA K 91 npo-
da naa onpeneaeHmA CcOoNepXaHHWA Mop@wa "a".

PeayabTaTi U o0CyxieHue

[ romosoM WAe pa3puTHa PUTOMNAHKTOHA BaaTuAckoro mopa nepnoj
pa3BUTHA BeceHnero "uperTenun", oOW4HO npuxomauufica HA MapT-anpeJs,
XapakTepuayeTca coelprpHuecKuM TAKCOHOMWUECKMM COCTABOM (UTOIIAHKTO-
Ha M CHCTPRM YReANMHeHHEM TEMIOB PA3IBHTHA Bollopocnelt [;'2. 51. C 19 Map-
Ta no 4 anpens [984 r. uyHcaeHHocTh W dHomacca PUTONMMAHKTOHA HA BEKO-
BOM pa3pe3e yBeJMUWIWCh B OCHOBHOM B 5-I0 paa (Tada.2).

Bo Bpema nepsolt ceemxs Ha pexopom peapese (19-27 mapra) pumonolt
cocTap, 4YMCAEHHOCTH ¥ OMomacca QUTONAIKTOHA B ceBepHol W cpejgnel
1ACTAX banTHicKoro MOpA COOTBETCTBOBAJIM XAPAKTEDHHM JIA 3uMHEr'o Ono-
JOTHYecKoro cesona (Tacn.2, puc.2). HecMoTpa HA OTHOCHTENBHO BHCO-
KHE KOHUEHTPALMM OHOreHHux saementon (B 9ppoTHHECKOM COE COMepma-
nock B3-140 mxr/n N-NGp  w 16-37 mxr/n P-P0y ), miTeHcHBHOTO pasnn-
THA PUTOMIAHKTONA He HAGAKnaaM. JTO0 OOLACHAGTCA BAMAHMeM  HAaKxol
TOMIEDATYPH ECHH M CAACON OCBEWeHHOCTH [1PH MHTEHCHMBHOM M€ peMemnpa—
I, BHBONAUEM KJeTkd BORopocied 3a npenesw apdorwieckoro cros [61.
Accetatma GUTOMNAHKTOHA B nepuoll neproft chemku OHNAa npexncTapieHa
CHHEJENEHHMM , NePHMIMEBHMH U IHATOMOBHMK BOLOpoc/samMd. Ha paapese
BeHTCMICA BCTpeYeHH TAKKE 3eJieHde Bofopocau. B oTKpuToM 4yacTH mopa
PMTOMNAHKTOH OHN NPeACTARMIEH HEOONBUMM YMCJIOM BHIOB, M3 KOTOPHX B
¥A4YeCTBE MBCCOBHX MOXHO OTMETHThH Lxuviaella baltica, Aphanizomenon
flos-aquae, Melosira sp., Chaetoceros danicus. 00UaA YHCNBHHOCTH
fuTomrankTona cepepHoll n cpenyell yactel mops (aneck U nanee NpuBoO-
NATCA CPEAHEBIPEleHHHE 3HA'EHWA IA cloa 0-20 M) Owna Handosbuel Ha
cr. 40, pacnonoxendoll B npuopexnoll done mops Ha w3odate 30 M y
r.lenTcmwica - :a.()-lu4 K3, /A (yUATHBAAM UMCAO KOJOHMM CHHEe3eneHHx
BOJOpOCAell B 4NCA0 KAETOK OCTaAbHHX I'pyin durtomwnankTona). Ha octans-
HHX CTAaHIMAX cepepHol W cpennedt 4acTH MOPA MCAEHHOCTH MEHANACH B
npenesax 1-10% oka./a (cr. 27) - 4-10° 9ka./a (cr. 39).

buomacca PMTONNAHKTOHA B 9nPOTHHECKOM cJoe B OOJBUMHCTBE Cayuaen
coctapnana 3-6 MI‘/M3 (npenenu konedaimft - or I no 73 Mr/ua).

B xmnoil bantuke (ctanmmna 81, W-I[,MC) yme B KOHue MApTa OTMEYEHO
MHTEHCABHOE puaBuTHe nojopocaed (puc.2). 00 9TOM CBHAETEALCTBYOT BH-
COKHE 3HAYEHWA KOJMHYECTBEHHHX XAapaKTepucTHK QUTONAAHKTOHA - YHCAEH-
HocTh popopochell B cace U-20 M cocrapasia I.ll'jl(J"I (cr. BI) no
J.S-IUB ok3./n (cr. BY-1), duomacca - ot 108 mr/m® (cr. 11) 1o
a85 wr/M® (cr. BY-1) (tada.2). duTonsankToH B xmuol YacTH Mopa  OuJ
NpeACTANIed B OCHORHOM IMaTOMOBHMA POROPOCAAMU. [I0 'MICJACHHOCTH npe-
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Tadawm 2
Cponnaa TAGAKMUA ROJMYECTREHHHX XapaKTepucTHK CDHTOIU'[HIIKTGHH
baarufickoro mopa B cace 0-20 M

Jlata Cranumn Banggg}r::g; naggg::gz_m Xaopoguan "a",
YHCACHHOCTSE, opomacca, Ml‘/M3
3K3. /Il _ur/w®
19 W 2ba 2900 13,71 0,27
27 1200 0,79 0,23
20 1l 37 ' 3000 6,12 0,24
21 1 38a 2550 5,49 0,21
39 4100 5,55 0,25
39a I700 5,39 0,29
a 40 26225 28,52 0,53
22 46 1625 5,29 0,22
49 2050 3,29 0,25
58 1200 72,89 0,31
23 1 62 1050 4,43 0,35
8L 13800 107,65 0,51
24 U RY-1 352000 685,03 4,01
27 W MC 54750 356,12 -
28 U idC 22600 258,32 -
29 U MC 207900 1185,85 -
30 W NC 299500 724,22 -
3L W MG 152000 377,75 -
11y 59 12675 21,75 0,77
2Ly 43 7100 21,99 0,63
31y 31 3300 10,18 0,37
K} 26700 38,87 0,43
4 1Y 22 33500 37,27 0,55
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CH PiTOMAAHKTOHA (Mr/mMY) 19 - 27 1 98& (B 118 BEKOBOM pAa3pe-
3e LaaTuilckoro mopa
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O SoaTEvOTIeEE AOSTETON, e IO O O ThalTaAamlionl ra Hhinl

Yo doun, vl hodant e Ul boc o iy

them More dloniuamit Cad Chat

boaswuHC TRO nepeuucACHHHX prunop xnj:'llc'replmym'cn HH3MM CNnEeTOoRHM
ontimymom [ 5/. Jlmatomen cocrapasam 50-100% oomell uMcAeHHOCTH M
95-100% oouell OuomaccH furoiaHKTOHA. JIOMMHMPYIUME BHAK M KOAMUECT-
BOHHHE XApAaKTepHCTHKM PuTonnankToHa KRHOK GajaTMku B KOHIE MapTa
OWIM XAPAKTEPHH JJA MEepuofa HAauaJa BeCeHHero [BeTeHuA [2.3.8].

Bo Bpema mosTopHolf chemky pexkoBol'c padpe3da (B Havaje anpeds)dop-
MupoBaine pecennell accommaiyy PUTOIAHKTOHA OTMEYEHO B ceBepHOi M
cpenHell wacTAx Mops, rne, no cpapHedmmo ¢ neppofl chemkolt, Boapocno
o0uAs YNCAEHHOCTh M O¥oMacca (PMTOIIAHKTOHA NPW YBEJW'ICHMW POJK jauma-
ToMoBHX Bonopocaelt (mo I00%). B pallone o.l'oTaaifi MHTCHCHMBHO pa3zBi-
BaJIHCh TAKKE CHHE3EJeHHE BOJopocau A.flos-aquae j Gomphosphaeria
lacustris. YucaeHHOCTh M Ouomacca QUTOMNAHKTOHA ceBepHOl M LEeHT-
pansHolt 4acTH mopa BO Bpemsa 2-# cvremkyu B 3poTHYECKOM CJOe YHJIAJH-
BAJHCE B npenesd (7-34) 10° ok3./n u 10 - 39 mr/m>.

BeprukanbHoe pacnpejiesenne Bojopociell B nepuon Mccaenopanna Ouo
OTHOCHTENLHO paBHOMepHHM. OTcyTcTpMe YeTkux Tenneintmi kKoHuenTpHpo-
BAHUA BONOpocJel HA onpeneseHHHMX ropudcHtax (puc.2,3), oueBwuno,
CBA3AHO C OTCYTCTBHEM CTpaTHPMKALMU.

M Ja 72 Nem,
0 T T l
—
50—
70 |~ . . C *. 5
25—
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20 e "‘5 . .
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Puc.3. Pacnpenenenne ooumeil Guomaccu dmmma}mroua (mr/m3) wa
BekoBcM paspede baatuilckoro mopa 31 Wl - 4 [V 1984

Konuentpaimsa xjaopopuina "a"™ Bo BpeMa MCCAENOBAHUA NPAKTHYECKH
yraanupanack B npenesd 0,21 (er.37a) - 0,77 (c1.59) mr/mM®, 2a ncwo-
vyenuem ct.BY-1, rne ero koHueHTpauMa cocTawuas 4,01 l-'li‘/M:' (Taoa.2).
HeoOxomMMo OTMETHTH, YTO PU3JMMUMA KOHUCeHTpaimil xacpoduana "a' nan
cepepHolt ¥ oW uacTell Mopa Menee BHPAXEHH, YCM PA3JN Ma  GIcACH-
HocTH U Ouomnccd Guroianicrona, llekotropoe ynedawicnue anaucuni 2roro
nokasarens (n 2-3 pasa) B cepepuoil U cpemieil HAGTH MOpI NG RPOMs
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3de Lanatuidlckoro mops
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tica. MacocOnHMH Olad Ch.danicus, Ch. holeaticus,Chaetocerocs sp.
FonrmuHoThR0 nepAYHoAeHHHX BUINOB XapaKTepudyerca HHIKHAM CDETODHM
ontmymom [ 5). Jmatomen cocrapisamm 50-100% odmefl wicieHHOCTH M
95-100% oduwe#d OnomaccH PUTOIIAHKTOHA. JIOMMHMpYOIIE BWIK M KOLMYECT-
PEHHHE XAPAKTEPHCTHKH PuTomaHkToHA KxHoi LaaTHkM B KoHIe mapTa
OWAM XAapaKTepitd AJA NMEPHOAA Hauana Becennero uperenus [2,3,8].

Bo mpemsa nopropHoff chemkM DeKoBol'o pa3peda (B HavyaJe anpess)dop-
mupoBanue Becennell accompaym QUTOMIAHKTOHA OTMEYEHO B ceBepHoil u
cpensell yacTax Mops, rme, no cpapHenwn c neppoll chemiolt, Boapocna
o0WwAn yuMcaeHnoeTh W Ouomacca QUTOIIAHKTOHA NpH yBeJM'ICHUM poau Jina-
TOMOBHX Bonopociefl (o 100%). B pailone o.l'0oTAan MHTCHCHBHO pa3Bu-
BAJICh TAKXE CMHe3ejeHHe Bojiopocsn A.flos-aquae y Gomphosphaeria
lacustris. YucJeHHOCThL M OMoMAacca UTOMNAHKTOHA ceBepHOf W LEHT-
pajibHOM yacTH Mopsa Bo Bpema 2-H cheMku B 3BPOTHYECKOM CJ0E YKJAJH-
pannch B npenead (7-34) 10% ok3./a u 10 - 39 mr/m,

BepTUKAJBHOE pacnpenesende sojopocaell B nepuol MCCAENOBANHA OWJIO
OTHOCHTEJBHO pPABHOMEPHHM. OTCYTCTBAE YETKUX TeHIeHlMi KOHUEHTpHpo-
paHKA ponopocael Ha onpenefeHHMX ropusontax (puc.2,3), oueswuno,
CBA3AHO C OTCYTCTEUEM cTpaTwhuraimu.

MC 59 63 J. "z"‘ Nem,
4 T
L=/ C’""’E
?.5 m —_
70 L . <10 (?.5
Jog 100 50
201 ° .
Jo |- F \ . .
.ﬁ' L

Puc.3. Pacnpenenenue odmell OHomaccu (bumn.nanmmm (mr/m3) na
BexopcM paapese Baatuilckoro mops 31 Wl - 4 LY 1984

Konuentpawmms xjaopoduana "a" Bo ppema MCCAELOBAHMA NPAKTHYECKA
yinagupanack B npeneau 0,21 (cr.37a) - 0,77 (cr.59) mr/M®, 3a uciio-
vyenueMm cT.BY-1, rne ero KOHUEHTpauMA cocTansuaa 4,01 /M (Taoa.2).
HeoOxonMMo OTMETHTR, YTO pu3JuMA KoHucHTpatmil xaopodumna "a" nan
cepepHoft 1 mxnol uacTell MOpA MEHEE BHPAXCHH, YCM PO3JN M8 HCACH-
HoCTH M Guomacel guTonannerena. llexoTopoe yneaw cnue anaucHuil D1oro
nokazareas (» 2-3 pasa) B cesepHoil W cpemiel UACT MOpE BC RpeMA
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lllt“‘(.‘ﬂ CBUMKIL, HO-IUIHMOMY , MOKET PACCMUTPHBATLCH KOK KOCBCHHOE CBW-
AOTeALCTRO HHTeHCHDUKAIoN NPpOUeCCoR [0 PIHYHOTO MpoOAYIWMpOBIANAA opra—
HUYECKOro BelwecTpa B epHoil HAYa a neceHuero upeTeHHA puTONNAHKTO~
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PUYTOPLANKTON OF THE BALTIC S5LA 1IN OGPRING 19584
M. PATONEK

Phytoplankton pamples were collected from 0-30 m layer at
19 stations. In S. Baltic the begining of ppring; bloom was recor-
ded in the ¢nd of March, Sceletonema costatum, Thalassiosira Bal-
tica and Chaetoceros species were dominating. In central and N.
Baltic in the end of March there was a whinter phytoplankion asso-
ciation including A. Flos-aquae, Melosira sp., Ch. danicus.Spring
bloom began in April. Diatoms and also blue-green algae A. floa-
aquae and Gomphosphaeris lacustris were abundant. Chlorophyll "a"
concentration was lesas variable than phytoplankton abundance and
total cell volume. Maximal value recorded was about 4 mg/m:’(mean
for the 0-20 m layer).
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JKCNepUMEHTAIBHBA BOMUAA ToKcUkonornda, B. Pura, 1982

YIK 582,26:53.096:546.3
WL Banoge
WiucmnryT Onosoruu All hareuttcrott CCP, Pura

TOKCHYHOCTE HOHOB HEKOTOPHX THAREMIL WETAUIOB
B SABMCHWOCTY OT TEMEPATYRY MA IPVMEPE
JMATOMOBUX BOUOPOCE] BANTMHCKOIO NOPH

Cpeiw wioxecTBa (UWKTOPOD, ONPENSAAVUAK XOL W Xapak-
Tep MHIHOApYyDUero RefCTBUA TOKCAKAHTOB, DAXHYD POJb UIpeeT
TENTIEPATYPA Ccpeau. PANON MecaeaoBaTenel nepamy c yBzuveinies
uurudupyuuero nefleTeua pe'j_mmuux couilitHeHM) B YCNOBKAX NO3u-
weHHol Texnepatypu /6,7,13/ omaeysio CHUXEHUE TOKCHMECKOI'O
afderre /3,14/ Wan OTHOCHTEABNO HeIEBUCIMA! Dearlits oprawtava
/4,6,15/. CBencHuA o BAMANMM TewnepaTypHoro JakTtopa He ycToil-
YHDOCTh BOAHUX OPTAHW3MOB B [PUCYTCTBMH TAXCAUX NeTaANON
pechra orpaiwdeny /1,2,9,11,12,14,_ 5/, loutu noadoe oTcyTeT-
B¢ IKCTEePUMEHTAALILX PBOOT, NOCEMUEHHHX BINANKO Temiepartypu
HE PA3BUTHE NOPCKIX ONHOKIETOMHMX BoAopociefl Opil HBMIYHE TA—
XeJHX KCTAMIOB B KyAbTHBUpyewoil cpene, o0ychOBMAO Me0dxoii-
MOCTE TPODefCHNA OMITOB ¢ LeAbY BUABHTE Clletitjixy aclicToua n
IUdHpYOIero KOAMYSCTBA CHMILAE W MEIW HU WHTEUCUDHOCT: POCTA
MHKpOCKOIMYeckn X Bonopocniell BanTulcoro NOpR B 3aBUCHMOCTH
OT TEMNEPATYPH Cpeiy nx oduTaluA.

AT pHua M MeTOLMKA

B nadoparopuux YCHOPHAX W3YHMEHO TOKCH4ECKos nefict-
BUe A30THOKMCAOrO OBIHLA W CepPHOKMCAOH Memn 18 WHTEHCHBHOCTH
POCTA ABYX BAADB OAHOKICTOYHNX Bogopociefl Bantuilckoro ropsa.
Jumanason pocneiyemux KomleNTpamui: MAA cBUHUA - 50-1CU u g
memt — 26-75 mkr/a, Mitrudupyoyee meficrBHe mMeTannoB olelnBa-
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Aock npu remneparypax 6,12,10 o 25°C, B aKcnepuueHTax MONOAB—
0BAHY AALTONOIHYECKH YMCTHE KYJALTYpU MACCODO pacnpocTpalel-
X BIAOH Becewiero ¢NTONAAIKTOHB fSeeletonems costotum W

Phalasolosira baltica, C yyeToMm pewnowefl poan sasnraumy upu
BHAMIAE Tewnepatypiux aanuchmoortell /10/ nonomuTiue KyAbTYpH
NOABEPramich NpeABUpHTEALHO] RINNTUIME K KkAR10l U3 HCCAelYe-
uX Ternepatyp, KyALTypd BupauMBamMCh HA IMTATeALHOU cpene
l'oabndepra B momudwikompu 0,1 Kadanonoll /5/. Kyakrtunipopanue
ponopucnell § NOCTAHOBKA OIMITOB OCYWECTHUNNCH B JOMWHOCTATE
¢ woinmiponiiol yorawoskofl, vortopas odeclicuvBann feodxonunuil
resnepatypuull pesity, :
[PoNOAXUTEALHOCTL SKCMOINUMM B [PUCYTCTBIN TOKCHKONTA
3-5 cyr, KomwvecTpo noetopuocTefl B KAXIOM cepuit OMITOD COCTHD-
A0 5, 4TO 06ECNeYiBAN0 BOGHPOMIBOIMMOCTH PasyJbTATOB ¢ ownb-
Kol na donee I Jk,

PaayasrTatd W Mx odcymnetue

Temnepa‘rypa = OAMH W3 daNTOpPoB, ONpenaAdr X Topu30H~
TEALHOE W BEPTHRAALHOe pacnpogenciis (MTOMNANKTOHY B MOpe,
D cmaax ¢ npucnocodasuuen K paalioodpas’tiu TeMmnepaTypiul: ycao-
BiAM ONHOKAETOYHUE BOAOPOCHN DpeTepnensnT PRA U3veHennd, 38—
Tparuseowsx ocliobiwe cropbud ux mmanenearennuoctd /d, 10/, Pe-
IyALTATY NPOBEASHILX DKCNEPUMEHTOB NOKA3BJN CYNCCTBOHIHE pas-
JWYHA B TOKCHKOPBIHCTEHTIIOCTH AnaToMoBuX Bonopocaefl Baatufickoro
VOpA B YyCAOBRAX PA3HHX TemnepaTyp cpeimu, bonee pucoxaa ycroll-
YMBOCTE (UTOMABHKTOHHUX OpPraHW3MoR K BO3gellcTBNO MeTAMIOB OT-
MEueHA NpPH OTIHOCHTENBLHO HMIKIX Temmepartypuas momu (6, I12°C).
Mlo vepe ypelqeuna Temnepatypu cpemu no 25°% TOKCHKOPEINCTeHT-
HOCTEH Bogopocaef pesko cHmxaetca (radn, 1,2), Kouuenrtpampn wve-
s 75 MK/, ABAAOLARCA ABTAABHOI NO30H ANA KyALTYPH Thalus-
aloslra boltica npu 25°C, npi Gonee HU3IKNX TewnepaTtypax cpeu
(6,12,18°C) we npuBoanT K 10U%~HON THOe M BOAOpOCAEBUX KASTOK
(cm.tada, 2), bonee cywecTBeliHe Konedawna ycToNYMBOCTH Donopoc-
Aell B YCAOPIAX PAIMMMINX TEMIEpRTYpP CPE (H BHABASHM NP BUCOKIX



Tedrrpe I

POCT KFABTYPL L.IDOCKOMIMECKIX BOZOPOCKEl . h 1issiofim: dbaltied MOL BOJISJCTRUe::
CBNAOE B yCAOBWAX D3INMYHON TeLNEPATypPu Cpems (11POICLTITE/BHOCTh 3RCRepixnesT2 3 cyT)

Temuepgrypa KOHT™oM AOHUENTPEISIA CRIUKUZ, LXr/a

somi C % | 7 ] 10

61 L084718,2 _372%15,7 _796%2C,6 _ToaTee ¢
100 93,6 <,3 7.0

223 285524 ,0 242216, L6, 3 5567154
100 79,3 71.6 57,4

1622 £42230,1 495218, 2 440712 4 310143
106 77,3 63,5 45.3

252 530726 4 4CIZ21,6 34517 .4 _203714,3
100 73,7 55,1 36,9

Dpuwemaine: 3necs n 3 7204, 2 D WIC/ITEC K38l Sperdgd BOJINIHE Wi2A2 KAQTOK
B I un y ountdka CPeTMTO 3MaYeNtA (- =), 5 JU2n2GaTAS - YICi0
KICTOR B £ K KOHTPOND.



Tadarunne 2

POCT KyASTYDH w2KDOCKODUYECRUX BOZOPOCAERR lseletonems costitum  NON BOJINEXCTRMEN
4eTR B YCAORKAY DA3TIGHOZ TELM2PATYPUW CPemi [IPOICAZMTSABAOCTS 3KCHepumenta 5 cyT)

Tavuepatype AOHTpOMD KOHUNHTDAAA MeTR, /A
sem, °C
25 0 75
€I 9410°112.3 T 29407240, T 39%(2291.5 S96(2199,2
1C0 1C58,6 95,5 62,2
2T 10800%504,3 93407412 .6 ?540%314.2 490907194,3 @
1C0 36.5 59,8 46,2
16 =2 4320-12¢,56 3864116, 4 214%98,8 105063, 1
ICC 89,4 49,5 24,5
25 2 3656=130,0 2010~61,3 1814-51,4 OTaipawr

166 53,1 48,7
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KOHUEHTPALAAX TOKCHKAHTA - memu 75 wxr/a u cemuua I00 wer/a.
lipn Temnepatype 25°C anbruwpimioe AefCTEHE CBUHLA B KOHIEHTpA-
win 100 mxr/n GoNee uem RABOE MPEBUCHAO TOKcKuHocTh Eb'' mpn
Temneparypa 6°C (cm.71adn,.I). lonodan KapTiHa HAGADAANACH TAK-
X8 W B BKCNEpHMEHTaX ¢ Menbo. Hurucupyouee ueflcrmue cu** npu
TeMmIepaType opemu 25°C Guno SHeuMTENBHO CHABHee JIeHCTBHA Memt
npu Temneparype 6°C. Pasmique MHTEHCHBHOCTH pocTa KYABTYPH Tha
luesiosira baltica B npeusaax kojedaxuft TemnepaTypu cocTa-
Bano doxee 30%. -

B KoHTposne weudonee MHTEHCHMBHHA pocT BOmOpoched Hccnenye-
MHX KyNbTYp OTMedeH NpH TemmepaType 12°C, Omnako ymomanytas
TeMNepaTYpPA OKesaNack He cawofl dnaronpuATHoM B OTHOWEHMH CHU-
XeHUA TOKcHYeokorc sdpexra. llonyveHiHe pesyNbTATH NOIBONADT
SAKNOMHThL, YTO DACXOMIEHHA TOKCHKOPe3WCTEeHTHOCTH Bojxopocnefl B
YCNOBHAX DASMUYHUX TEMNEPATYD Cpef ONpPeiefAnTcA He TONhKO UH-
TEHOHBHOOTLD PBSBUTHA NAHINX OPrruMamvod /14/, Ho M uwemim psiom
npyrux gaxropos, [lpuundofl cHumeduna TokcHweckoro sfdexra npu
HaskoM Tewnmeparype cpemu, no mdedno J.II,Bparnackoro u J.A.Ca-
peHKo, MOXeT OAYEMTH neflcTBWe PBSMAMYHHX IAUMTHHX npucrocodne-
HER, BupAJOTAHHHX BOAOPOCJAMH B XONe 3BOJOIMH: CHUXElUle WHTCH-
CHBHOOTH oOGMeHAa, 0Opa30BaHNe NOKOMMXCA cTamiff, mjeT, 3UroT ¢
roncrolt odonoukolt, Yepes KOTOpYD XUMIYECKME COegUHEHUA le Mpo-
HHKBOT, CMeHa (OPM pAsnHOXEHMA ¢ nepexofom oT craiuii, Oonae
YYBOTBMTOJbHNX K BHeutam poaneficTouam, K cTaIuAM, 1eHes dyReT-
Batentium /I/. Hendosee weTkne pesynbTATH TOKOMKONOIMYECKHX
SKCIEPUMEHTOB, IO MHeHWo ABTOpoB /I/, MOTYT OUTH OONYYeHU OpH
TeNIepaTypHHX MHTePBANAX, CHOTBETCTBYDUHX MACCOBOU BereTalyy
Bpofopocaelt, MOCKOABKY ~ MNOBHWEHWEM TENNEDPATYPU Cpemd yC iimba-
@TCA TOKCUYHOCTE NelCTBUA NpenapatoB M, CUOTDETCTBEHIO, CHILZA-
ercA aQfexrT BO3NeHCTEMA TOKCHKAHTE NpY GOJNee HUIKNX Ternepaty-
pax. Hexoma M3 8TOrQo HCCNENOBAHMA MHIHOHPYDURrO A2HCTBHA pa3—
JMYHEX TOKCHMKA/ITOB HA DE3BUTHE AHATOMOBHX ROROPOCAEH Uceleto-
nema costitum W Thalussiosira baltica PerorenyeTCa npopo-
mits npu temneparype 12%1°C, ontumensnoh ana pasenTin yxasan-
HHX Bosiopocsiefl B N8C0OPBTOPHHX YCNOBAAX M COOTBETCTHyOU:R Teitne-
patype, npy KOTONOH HaOADIAETCA MY MECCOBOE pA3BATHE B (ATO-
naaukToHe Bantulickoro wmopsa.
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Peayabtati nccaenopanuil no3posnoT 33KNOYUTH, 4YTO!

1) TmaTeyoBde BULOPOC/HM BeCcHHEro Kownnekca furonaaniro-
ua baatnicroro ropA GConee yCTOAYMBU K BO3nelcTBUO TAXaMIX
FOTOATOB 1IPE OTHOCHTEABHO HWIKIX Tewmmepatypnx cpeau (6, 12°C).
o repe ypeandenrA Tevnepatypu (mo 25°C) TOKCHKOPEINCTEHTIOCTh
Bonopocacl cHuzaeTcA;

£) adTeACADIOCTE pocTa bomopocaefl He ABAASTCA OCHOBHOW
npayitioll pazmnit vHCuoupyoyero JeACTBHA TOKCUKaHTA B ycAoDH-
AX Pa3myKuX TexnepaTyp cpeaw;

J) xoneOuiMA TOKCIKOPE3IN TEHTHOCTH ONHOKAETOYINX BOOPOO-
Aeldl B YCAOBIAX PBIHUX TerNapaTyp BOMH YCUANPBOTCA C NOBHWEHWEM
KOIUCHTPELDIA TOKCHKEBHTA;

4) wceaenopallilA TOKCHYECKOro fAelRCTBUA METAJJIOD HA XH3He-
cnoco0HOCTh AMATOMOBNX BOI Ypocaell BecedHHero (MTOMIAHKTOHA
bantallcKoro NMOpPA peKOMEHIYeTCH NPOBOANTD NPH Terneparype

1%, onrunansiod maa PUIBHTILL NOHILX BONOPOCAER B YCAOBILAX
MOIOKYABTYPY B IPUPONHLX COOOWECTA,

CnMcok nuTepaTtTypu

I.Lbparudeurni JI.,Cnpeuxo JNA Hetomka
TUHKOJIOTHYIECKOTO AKCIIEPHMEHTA HA CHHE-SeNeHHX BOJOPOCAAX,-
oKL WleTomIKAE OHOAOrMYCCKUX HccaenoBaHMi mo somuoft Tokcn-
porormu, M., Haywa, 1971, c. 191-205.

2, bpervwdceckn A NI, Hepodans 3., Ocrpas
“OMCHYMOCTE TAYENUX MeTWUIOB JUIA BONHHX GecrnodBOHOYHHZ
[0 POIMIMHI X TeMOepaTypPHuX ycaoBnax.~I'nrpodnoa.xypH. ,

1973, .14, & 6, c.d6-92.

J, yoponowsae UHNA,NMNomomss I'B.,,lymkaps
AT Barpasveuve BonoewoB mecTmimaar.-B ki.: O0usA ®Koao -
™4, GuoueHoaorwt, ruypodnonoruA. M., BMHHTW, 1976, o.48-80.

4. 'ynanapnvyene HA.,, lymayckeHe -

Nys Poo, Wapuonenewne N0, nap. leRorsue
Tesnepatypioro daktopa cpem HA (WM3NOJOTEYECKOe COCTOAHHE
pojopocaell, & TAiMe HAa YPOBHM HAXOMJIeHWA WOsr » THpo-
dnonrax.-B ki, i Haydenme W ocpoenus Bogoeros [lpndantuin n
pesopyccun, Pura, 3unamie, 1979, w,2, c.82-85.
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hirundoides, - B k. : WaydeHus B ocnoeHHe BOQROEHMOB
lipudantnxa u Benopyccau. Pura, 3unarie, 1979, 4.2,
c., 72-75,
Moposopsa~Bonanuwunkea HB,NTanc-
kaa J.A, Temn M ycAOBHA ‘(eJIEHHA MOPCKHMX MWATOMOBLUX
noropocaefl B kyasrypux.-Tp. CeBacronoasckolf onoxa.cr.,
1959, sun. 12, c. 3U-70,
llepdans J.[0. TOKCHIHOCTE MOIOB HEKOTOPUX TAXEMUX
METUJNOB IVIA Daphnie magna Straus B S8aBUCHINOCTH OT
TemnepaTtypu.-Iwipoduon. xypH., 1977, 1.13, % 4, ¢.86-91.
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JKCNepUNEHTANBHBR BOHAA Tokcukonorwa, 8. Pura, 1082

YK 546,49+570,084.2(474.3) :595.18+595.324+4595.34+
+582,2+576.8

3.X.Celtcyva, )I.P,Banapc, C.H.Mepumikesuun,
A M.Pynapora, I'.Jl. MunpywalTuc

WHetuTyT dnonoruu AH Jersuftcwoft CCP, Pura

QKCIEPHATANLIOE KWYHME WOUHIA LUHKA HA
SKOCHCTEA MOPCKON [ETATHAI

LMHK ABRMACTCA B3MeMeHTOM, HEeoOXOMMLHN IMA NidllefeATeNb—
HOCTA RMBWX OPTAHM3MOB, HO B TO Xé Bpamd OH 1OXeT NefiCTnODSTL
TOKCHYHO (8 OPraHM3MH [UIBHKTOHA, ECNA ero KOHUSHTPSIHW B Doje
nopumen. Ilpw cpasuurensHol oueHxe NEeRCTDUA HB BECNOHOI'MX |
BETBACTOYCHX PAYKOB PA3HUX TOKCHKOHTOB MOCAENHWE MOXHO pacnpe-
1eMATH N0 HECKOMBKUN Ppynned, K rpynne sautonee TORCUWIUX De-
qecTD OTHOCATCA KeTHAPTYTh W PTYTh. Jlanee crenyat rpynna ua
TPeX NeTBANOB: WK, KemuR M veab, Bemwmuua LCey wikxa B Aa-
GOpATOPIMIY OMITAX ANMTENLHOCTHD 90 9 NAA DeCAOHOIOTO PAYKE -
tocra spinipes - 1450 mkr/n /6/, 8 nAA BeTBACTOYCOTO pasla
Daphnia magna -IC0 MKr/A D omuTAX AAMTexblocTho 48 w /G/.
YweeTcA vioro pesoTt, NOCBAUEHHUX H3IYYEHWD BJUULHUA LDIHKA I C. -
AeNbHHe BWEd 4 TPYnnu OAaHKTOH& /6/, ocodeHHO ¢WTOMABHETOHA B
aadopaTopHux ycaowiax. Tek, B /I1/ ykasano, 4To 1MHK, KoK K
Memk , B KOMMYecTBe 10 9 mkr/A cTumymupyer JOTOCMHTES ILIAHKTON-
HUX OPrBHWU3LO0B; [OM dONée BUCOKMX KOHUCHTDBIMAX cropooTs doTO-
CHHTE3a pedKko ciuxeeTcA. LMHK reHee TOKCHYEH INA KBKPOIIBHKTO-
He, Yev 1A HaWoIawkTOHA. ABTopamu padorw /H/ ycTaHOBAEHO, 4TO
TAKENME MEeTALM, B TOM SUCAE M LGHK, B MAAHX KOHUEHTPALMAX CTH-
MYAUPYOT, 8 B GOABUMX NOABBAANT POCT GHOMACCH MOPCKMX JMHTOMOBHX
pogopocneft, [lo namsuw /13/, cmechk Taxemux wetannos i3 IU xowno-
HEHTOB, B TOM 9HCAE W IMHKA, BHSUDAGT IHAYMTENBHO® CHAXEHHe
YHOAA KAETOK M MepDuyHOR NPOAYKUMM [NBHKTOHHMX Boxmopocaelf u3
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 METCOMECIMI TOXXON . .
K HEUEHI0 ‘(OKCIKO-PER{CTIHTHOCTH y e
IJIAIKTOHNHX BOLOPOCIEI BANTHACKOTO MOPA :
[IP4 BOSIENCTDVN THSEMHX METAJUIOB ) v

. _ ¢y
llpn paspado™ie GUONOIHYECKOTO MOHMTODMITA COOTOMOIA |

MOPCKIDG GHOCHCTZi HecoMHelmuil MHTepec npepcTapiser Bantnioxoe

MUpE, HOTOPOE O CBOEMY TT7pOJIOTHYeCKOMY " THIPOXHMHYECKOMY

pesrty sanumer ocodoe MecTo B cucreme Mopell, oMHBAKIMX Gepe-

ra Laponu. Orpaimuennas cBaak ¢ CemepsuM mopeM, asyxcraofluag

CTPVKTYpA BOMN, 3ATPYILAUGIAA BepTHKAJBHHI BoxooOMeH Mexuy chos-

st /5/, HpMBOIMIT K HAKOIUIEHIWO 3ATPASISIOIGIX BEWeCTB B HMMHIX

cnoix Baatuiicroro MopA, ¥ mediUMTY ‘KMCIODONA M OCAAGNEHAD MPO-:

[IECCOR COMOOYIN|EHMII . ) i J

B odueil npodneme aarpasnenny Bantifickoro uopa omHo HI Be-

AYWTC MECT 3BIGUUPT Tienue wetannd /8/. O6najas cnoccOHOCTHD

K OXKYMyJIUAR B MHOTOYMCAEHHHX KOWMIOHEHTaX 9KOCHCTEMH H 8KTHB-

HOMY YHACTHD B pAMYHEX MITPIIMOHHHX IMKAAX SJEMEHTOB, OHH

CMOCOGAN BH3IBATEH IVMIYOOKME SHOJNOTHYECKHME HApymeinsl okpyxawaefl
cpei. B oryuiuie oT opraisvieckux s3arpiaanMTesiell, KoTopHe cO Bpe=

MEleM YTHIM3UDYWICA B BONOEMe, ,COeJMHEHUA MOTAJUIOB CHOOOGHH

COXPAEATH TOKCHWIIOCTH MpALTHYECKH GECKOHEWHO, TAK KAK JARe IpK

X npeppaneHAX OCHODHOW KOMITOHEHT COeJMHeHUA - MATa.Ul = 00Taw-
etca Gea uameneimfl /4/. llonanas B BONOEM, TAXENHE MOTAJNH Bi=
FWUT HA BKOCHCTEMY B IIEJIOM 9Yepe3 OTHenbiHe ee B8BeHbA. Oooduil
HHTEepec B MOPCKOii DKOTUKCHKONIOIMM [POJICTARIANT NOCJAeI0BAHUA
BJFUIHWA Pa3JdYHEX METAaM0B HA DAJDUTHO OJHORAETOYHHX BOJOPOO=

sefll - 9yBCTBUTEJBHHX MIUMAETOPOB BOBHUKHOBEH 1A HOBHX XMMHUYOCKMX

yesioprfl B mopekofl cpene. llpoctora crpyrTypu, Bucorkmft Temn pas-

Mioxe A, KopoTknil ananemiufl 1MKI ~ 0COGEHAOCTH ONHORAGTOWHUX |
BOJIOpOCA6H, NO3BOLINUEE HCMOAB30BATE HX B KAYECTBe TEOT-QUBOR= |
TOD MNpH MPOBSJIEHANM TOKCHKOJOI'MYBCKHUX SKONOpPHMeHTOB. MeTomuiecka



OTOPOHA NpOopeNeHnA BKQJIOIO-TOKCHKOJNOIUYECKHMX OJHRCHOEPHULCHTONDR C

MO PCKUMHA MUKPOCKOOMYECKNMH BOJOPOCIAMA HREOJIHOKpaTIIO odcyxna—
aack B padorax 0.I.Muporoma, C.A.laTuHa u B.l,Txouenko ¢ coasT.
/6, 8, 9/, onHAXO NOCTAHOBKA BKCMNEPUMIHTOB C OJNOIJIETOWLHL BO=
“nopociavu Eantulickoro mopa mmena cBow cneimdmky. B nacrosviem
QOOCIEHNA [PHBOLATCA METOJMYECKNE YKA3aHMA [0 KYJABTMBUPOBEHND
duromiankTosHuX opraHnsMen BaaTmilckoro mops A NpopejeHHn nado-
PATOPHHX BKCOEDUMEHTOB C LENBO ONpPEeNeJe i PeaKLill [14HKTOHHHX
sonopocneft Ha BoangileTBIe TAKENMKX METALIOB.

KynprusupoBaHne NNaHKTOHHEX Bomopocheil Banmiileroro mopsa. C
UeNblo MONyYeHMA CPABHUTENEHWX JAHHHX NpU NPOBEJIEHIN TOKCHKOJIO—
THYOCLMX SKCMEPHMEHTOB TpedyeTcA onpejeneliHas CTaHIaDT30 UK
yesomuil BHpauwusanua sopmopocheil. M3 GaxkrTopoB phemseil cpemu cy-
WECTBEHKYD poNh HTpADT TEMISDPATYpA Cpelid, OCBEWEHHOCTS M ycio-
BAA muTaumda. i1 npoBeneHud cpaBHHUTENBHEX cepuil 9KONOro~ToKCH=-
KONOTHYECKNX ONMTOP KYJIBTYPH HEOOXOIMMO BHPALMBATE H4 OJHON cTAH-
paprioft mirarensHofl cpenge. JA KyJAbTHBADOBAHNA IMATOMOBUX M IE=
puiMHKMeBHX Bojopocneil BanTuiickor'o Mopd peKoMEHLYCTCHA NpUMeHUTh
cpeny Posmndepra B Moymudmkawwu W.T.Kadanomoil /2/, npuroron-
JIeHHYD W3 UABTPOBAHHOM, HEOAHOKpaTHO nacTepnsomanHodl jo 80°C
Mopekoll Bogu conesoctsio 5-7°/00 u ¢ pH 7,5-8,8, "Harpyaka" an-
JoxronHofi opranuku B BaarniickoMm mope /I1/ cnocodcTByeT MHTEH—-
OMBHOMY PASMHONEHMD MUKDOOPIAHASMOB ¥ ETYTRKOBHX B .INTATENBHOM
cpeje 0py JUMTeNbJIONM €6 XPaHeHMH, MNOSTOMY CpPSAY pPEKOMEHIYeTCA
NPUTOTABANBATE HESANOJNTO J0 €6 YNOTPeOJEH¥A W XpPaHuTh OpKW TEu-
nepaType, He npeBxmapuei +6°C, OTHOCHTENBHO BHCOKIE KOHLEHTpa-
IME OpPraHMYeCKOTo BeumecTBd B Banrmilckom mope /II/ aABnAmTea TAK-
®6 UpuTMHONA "aoTHx (Yepes xamuue 2-3 JHA) NEpPECEBOB ROJOPOC NE—
DUX KyABTYp. Y BHJOB, He ODPHCOOCOGJEHHHX' K [OCTOSHHOMY [epece—
By, BO BpéMA KYJBTHBHDOBAHWA OTMEYBHH MDUBHAKH, YKASWBAKUME HA
HeGNATOUPMATHHe 1A xusku yoaosua /I, 7/: pacoap JUmHIMX 1eno-
ueK Boxopoonefl HAa Gonee KOpOTEME, AALOMHUSAIMA B Jedopmaims
KNOTOK, AMBMG, YTO JOJIRHO OHTE y4TEHO IpH BHOODE TeCT-00LEHTOB,.

Bupamnaide Bonopoonefl HEOOXOEMO MPOBOJATE B YCAOBHAX
N00TOAHHOR TeMNEPATYPH M PABHOMODHOYO OCHEMEeHMA. OUTHMANILHAS
VHATOHOMBHOOTE OCBOUIOHMA JUIL KYJBTUBADOBAHMA Bojopocsaed EBantufl-



I28

OKOro MopA cootasnder 3000-5000 Ak, YYRTHBAH OQOGEHHOOTH TOM—
nepaTtypioro pexida BaaTHHOKOTO MOpA, BOJIODOCNH RYALTMBRPYDT B
TepMoperyaupynuefl yoraHosre, odecnewupapaefl remneparyphufl mHA=
nason or 5 go I17°C. Moocse puneneHus us MopcKoll BOOH KyABTYPH
pojlopocaell onpeneseHnoe BpemA BHIC[XABANT B TEMI8PATYDPHHX !0-.
JNOBRAX, MAKCHMA/NBHO NPAO/NXEHHHX K €CTOCTBEHHHM. KyALTYpH, NO=
Jy4eRHue B peceHHe-ocedimfl nepwon (¥, ¥I, IX-XI), mHpaumBapTOA
npu remneparype 5-12°C, B nermuil nepmon (Y11, YUl) - npm TOMIO~
patype 15-17°C, llanee OCYWecTBAABTCA MNOCTENOHNAA ANANTALMA BO=
nopocaefl X remieparype 12% 2 1°0, np¥ KoTopofl NpOMCXONAT TOK=
CHKONOTHYECKAE BKCNEPUMEHTH (JUIA CPABHAMOCTH MOJYYSHHHK paayn-
TATOB).

llocTallopka BKONOTO—TOKCUROAOTHYECKAX BKONOPHMEHTOD. Oomm-
HEMA (BKTUDAMA, ONDEJOJFAOIMIMA BHOOD TEOT-00B8KTCE IR OpOBOfe=
HAA TOKCHKONOIMYECKHUX OMNHTOB ¢ OfHOKNETOUYHHMH BONOPOONAMH, AB=
AANTCA NPOCTPAHCTBEHHOCTE BWIA, BHCOKHA TeMmn XeseHmsa KIA6TOK,
cnocodHeCTh BOJOpocaell pasBUBATLCA B YCJOBRIX KJIOHAJLHON, MOHO-
B CMEmAHHOA KYNLTYPH, NPACMOCOGJEHHOCTE K PEryNADHOMY l16PEeBy.
Baxiwi ycaommem nNpa NOCTAHOBKA OOHTA ABAABTOA BUOOD B KAYeCTBO
TecT-00bERTOB PEIMOHANBHEX BIJIOB, JIOMEHHDYDIMX B. H9YUAEMOM BO=-
noeme. MAIMMEATOPHHO PIYIH JIOMKHH OPEJCTABAATH OCHOBHNE CHOTEMA=
THYSCKHO T'pPYNNH (MTOMNAHKTOHA JAHHOTO Bonoema. OnHOKRNETOYHHE
Boniopocan BAanTRACKOTO MOPA B OCHOBHOM ABJSIOTCA NpP8ICTABRTENA=
VE IIBYX CHCTEMATHYECKIX Ipynn Bacillariophyta W Pyrrophyta,
49TO JEerJi0 B OCHOBY BuOOpa caejlymuix TecT- OUBEKTOB YA OpOBeje—
HHA TOKCWROJOTHYECKNX 2KCOEPAMEHTOB: W3 JMATOMOBHX BOnopoosefl -
Coscinodiscus graniil, Thalsosiosira nans, Thaolassiosira bal-
tica, Scaletonema costatum, Chaetoceros wighawii, Diatoma elon-
gatum, K3 NepUIMIMEBHX - Gonysulax catepnata, Dinophysis bal-
tica, HoxosHas mAOTHOCTE KYABTYPH YCTAHABJIHBAGTCA NO pPO3YAbTA-
TAM OPEBAPWTEALHUX BKCNEPHMENTOB B COOTBETCTBYET OCOUBIHOCTAM
PASBMTHH JAHHOPO BRIA B YOJNOBWMX KyJbTYpH., Tak, RanpuMep, nnd
KpynHoft Boropocm® Coscinodiscus grauil ONTHMANBHO® MCLOMHOS
KOJXRY2CTBO RABTOR COOTPETCTBYET HOCKOJbKAM KNeTkad Ha I wi, jaa
OCTANBHNX KYABTYp - kanedaercsa B npepenax or 300 mo I500 kae-
ToR Ha I ma.
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Tadarna

I

Bexmwwiu ECg, (Mxr/n) TAKSJAHX MOTAMION JULL MOPOKMX H
CONOHOBATOBOMHHEX OJIHOKNETOYHHX Bofiopocaeil  Baarafloxoro mopa
4 BesiquHH
ToxouKant Bun ECgo®  Yoaqau
[MEHTOB
Pb Goscinodiscus grenii .  »I000 -
Dinophysis baltica >1000 -
Thalaasiosira baltica »I1000 -
Diatoma elongatum 234 0,30
Beceletonema costatum 107 0,30
Chaetoceros wighamii 96 0,19
) !Egkgnaioaira pana 60 0,25
0a Ooscinodiscus granii 912 0,18
Thalassiosira baltica I00 -
Gonyaulax catenata 100 -
Diatoms elongatum 74 0,13
Thalassiosira pana 32 0,11
o Chaetoceros wighamii 28 0,14
Ou . Coscinodimous granii 1259 0,18
Gonyaulax catenata 234 0,20
Diatoma elongatum 234 0,22
Thalasslosira baltica 159 0,24
Boeletonema costatum 132 0,43
Thalassiosira nana 63 0,35
Ohaetoceros wighamii 20 0,18
Hg Cosoinodiscus granii 47 0,I2
Dinophyeis baltica 100 -
Thalassiosira baltica 100 0,11
Diatoma elongatum 91 0,14
Thalassiosira nans 25 0,I6
Scelptonema costatum 10 0,17
L Chaetoceros wighamii 8,9 0,35

® g, onpenenena 0o KpUTepuD CHUREHMS [PHPOCTA KAQTOK
noone oyTouHofl SKCNOSHLMM.
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JlofloTBHe TAXENHX METAJIOB HA OJHOKJBTOYHH® BOJIOPOONH Baa=
TUACKOTO MODA [8/18CO00pPASHO OUBHATE M0 CNELYDUMHM NOKABATIAAM!
MATOHCHMBHOCTS PoOCTA, CTHOCHTOJLHAA CKOPOOTH A0CHMIIALWH YIe=
popa ® MopdoNOrwYecKOe COCTOAHME KJABTOK MAKpoBOjlopochell. Buoo-
K&A SYDCTBHTEABIOCTh CJHOKIETONMHHX Roavpociel K NpucyTOTBHRD
WHIHOATOPA N0 XApAKTEpPUCTIKE JOTOCHHTETMYSCKON BRTWBHOOTH fQ= '
JBOMAGT YCTAHODITH MHTHOApYmwee neflornMe MeTA/IA NPH OTHOCH= '
TOALHO HMUJIKOM YpOoBHE aar[uisneims. PeayabTaTH OKONEDPHUMEHTOB MO~
kasam #sdepaTensHoe nefcTBHEe THYENHNX METAJIOB 0 OTHOMGHHD R
HooAeJyeMuM BiuAM Boxopocaefl (Tada,.l), Pas/munan orenens WyBOTw
DATENBHOCTH OJHOKAETOYHHX BOJAOPOCASHA K MPHOYTOTBHD TAXEJHX MO~
TAAN0B YCTAHORIEHA He TONBKO Y NPEACTABHTEJIOR OTHENLHHX OMOTE=
MATHYECKAX 1'pynn MTOMNAHKTOHA, HO B B OpPOA6NAX pOJiA, BANA H
Jaxe ocodell opsoll monymuipn. Cpeym muoxeorsa (axTOpoB, onpene-
JUUNGEX XOJL M XAPAKTED MHPAGHPYDUWETO NelloTBRA MCCJNBJYOMHX MOTAN~
JIOB, HEMANOBARHYD pONL MrpawT  (QHOHONONMYECKNG OOCTOAMHE TEOTw
OOBCKTOD, [IOThOCTL BKCHEpPUMENTANLHON KYABTYpPH, HAOASJCTHOHAHG
ocodeHHOCTA BOACPOCAEH OfHOR NOUYNAIMM, MEXBUJOPHE OTHOMOHAA
uTOMNANKTOHA M ANMTENLHOCTH BOBUEHCTBMA TOKCOHKAHTA,

A BuABNeHMA pasAMiMil B TOKCHKO=-DO3MCTENTHOOTH BOROpPOO-
Aell MOROBUACBHX KYJABTYP B 3aBMUCMMOCTH 0T "sfdexra Ouomacou" Ou«
J¥ NpOBEfeHH IKCMEPUMEHTH M0 AMMAHMD TOKCHKAHTA HA BWHTOHCHB-
HOCTHL PaspuTHA Bojlopocnell B yonoBUAX pAsSAMYAoON [JIOTHOCTH KyJNb=
TypHoll cpentl. PesynbTaTH ONHTOB YKA3HBAJM HA SABHOHMOCTE HHI'H-
Gupyonero pefcTBRUSA PTYTH OT KOAWMECTBA KJABTOK MOJAONHTHHX KY/b=
Typ (puc.I). [opumenne mAOTHOCTH JKCMEPHMEHTAABHON CyCOSHBMH
CONPOPOXINETCA CHLXCIMEN WHTORCHKAIME Bojlopocael, [lo Mepe yBe-
SDYHSHHT KOHIIBHTPALN! TOKCHKoiTa B opeae "afpexr Guomaocu" npo=
ABIABTCI MENee 4YeTkn,

B namx uaynent oTiAAHIt NOCAENCTRAN AHTOKGHKAIMHN 119=
n22000pAaKo MPOBOMITH ONHTH € KADHOBEMH KYJALTYPOMYE ofutof nmo--
IyMLUpH, B xpornseciix oKCnopiMelTax iamis nayaanach yeTolwpoor
JECATH KIOHOBHX KYARTYP ouiorasToudoll ponopocst Cosclnodisous
Franit K podjigflcTian chmilp, rapeIn W PTYTA. OfIHOpPOJUIOCTS
TOKCHRO=-PEINCTEHTHOCTH OTHENLHUX KAOHOD 0078e YETHO NPOABAAST=
Gl B YCAODUMIX BOINENCTBHA OTHOCHTBNBIO HODHCOKMX JI03 TOKCHKAH=
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Puc.g. BauABEMe PTYTE HA MHTEHCHBHOCTL (poroomHresa (¥ or KoHT—
m.ﬂ OJHOKNBTOYHHX BonopooJell B 8ABMCHMOOTH OT MOXOJHOI'0 KO=
e0TBA KAGTOK B MONONNTHOR nyn'ri'pe.
8 - Chaetoceros wighamii: - J3I4 500; 2 - 43 0I0;
3 - 3940; 4 - 409 rae-mn;
-~ Boeletonema costatum: I - 384 I00; 2 - 43 600;
~ 4200; 4 - 320 Ka-mx.
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ra (I-I00 s Pb /x, 0,I-10,0 sxr 04 /n, 0,I-I,0 Mxr Heg/a), .
[lo Mepe ype/MYeHMA KORUBHTDALMH METAJUIOB R JUIMTONBAOOTH BO§+
nefCTRRA TOKCHKAHTA OTI'@NeHH JON8Ee OYUEOTBEHHHO DABIMWEA OT#w
[EHH MHTOKORKALMH HOOJeAyeMux KaoHoB (pHo.2, 8). HoxyupHuse - °,
POSYNABTATH NOSBOJANT OAEATH BHBOA O OYWGOTBOHHHX PASJHTNAX B
QYBCTBHTAABROCTA K Jie AOTBMD ROCJAGAYEMHX METAJLION MERNY KIOHAw -
M4 ojHOM nmonyamimu. [eTeporsHHOOTE TOKCHKO-POSHOTOHTHOOTH OTw
JO/EHEX KJOHOB RAKHON MONYNAIN OBWIBTEJLOTBYST O FeHOTHHAOKON
npupoyie eTHX pasyaayuifl, B 00HOBS T'eHOTHYAOKH OCYCNOBJNOHHID! paB=
JHTA B YyBCTBHTENBHOOTH KJOHOBHX RYJALTYD, 0O MHOHHO pANA 8B-
TOPOB, JERAT {M3NQNOrHYECKHS W GHOXEMMWGOKME MoxamueMu /3, 10/,
Pasmana B yerofluuBocTH BOAOPOONER MOHOBRJMHX KyJBTYD H '
npHpOHEX nomyAAIRA (MTOIAHKTORA B (PUOYTOTBMM TARGAHX MOTAN-.
J0B 00yCNORILBADT HEOOXOMMMOOTH HOCJGJIOBAHHA TOKARKO=-PBBHOTOHT
HOOTH Bofopociel B ycJORMAX cMewaHAod KYABTYPH, KOTOPYD B Kam
KOH-TO MEpO MORHO OTHOCTH K 60TOOTBEHANM NOMYJULLAM JMTOILAHR=
TOHA. - e
B meaix R3y9eHiA JMHAMAKE NPOLEOCOB MHTOKOMMALME B YOJIO-
BMAX CMeaHHOM KYJABTYPH HamM¥ OWiA NpPOBOJIGHA COpPHMA ONNTOB OO
H3YHOHHD RIRAMHA TOKCHYOOKAX KOHUSHTpALME KA MBA HA MHTOHOMEB-
HoCTh QOTOCHHTE38 CMEmMAHHOM KYABTYPH Thalassiocsira baltioca +
Sceletouema costatum (puc.4). HHTOHOMBHOOTH AOCHMMJIAIMH YIJi6-
pojA@ B CMEmMAHHOR Ky/JLTYpe NOAABAANACEH HOPH G088 BHOOKHX KOH-
IEHTPAMAAX RAJMUA, YoM B ONNTAX O MOHOBHIOBHMH KYJbTYPAMH BO-~
Ropocnefl. JlaHike O CTENEHHM HHTOKOMKALMH OJHOHJSTOMHHX BONOPOC—
Jefl Baaraflokoro mopa nojy Bo3yefoTBMEM TaMENHX META/UIOB OBHIE~
TEABCTBYRT O donee Bucokofl yerodmupooTH {OTOCHATESHDYDIHXN MHK=
POOPraHASMOB B YCJOBHAX CMemaHHOfl KyabTYpH, 9TO, HO Boefl Be-
POATHOCTH, MOXIO OOBACHMTE MBMOHEHHEM MOXBHJIOBHX OTHOWEHHA B
OpRCYTOTBAR BaTpAsHANUero daxrTopa. JnddepeHnppoBamENf nojoder
KAGTOK CMEWAHHOA KYABTYDH [OKASAN, 9TO MO XONY JOHNOTBHA TORCH-:
KOHTA COOTHOMOHHO WICJASHHOOTH KIOTOR HIMEHAETCA B NOALIY 00108
TOKCHKO-PE3INOTEHTHOr'0 BHja Thalaspiosira baltica (Roxopyoe |
COOTHOWOHH® KAETOR Th:Bo paBho I:I), Torma kak B RosTpone oT-
MENANOCH npeodnanalme Bomopocnell Sceletonema costatum, Chego-
BATANLHO, 00Je8 MHTEHCHRHO® PA3BMTHE Thalasalosira baltica
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A -50, b~ 1I0U, B

6-3, B-5, T =

OUHMX BOAopocheR Thalessiosira boltica NpPH KpATKO=
M BJIUIHK pA3HNX KOHUBHTpamMl] Mel:
- 1000 mxr/a.
POIOAXNTONBEHOGT D ivwnu‘mn 8 wucTofl Mopoxofl Bojle: 8 -~ I
U oyrt. '
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NpOHL [T BA CYET YTHeTeHWa pooTa Bojopocaef, meHee ycroMum-
BHX K JAHHOMY BHIY sarpAsHenui. CKASAHHO8 CBUISTEJLCTBYET O
BOGMOXHOCTH HSMEHEHUsA MexXBAJIOBHX BsauMooTHoweHMHl B uTOMNAHK-
TOHHHX 0000MeCTBaX 1oj BO3JefiCTBHEM AHTPONOTEHHOTO JAKTOpA.

B ycnoBMAX MOPA KOHTAKT MODCKHX OPraHM3MOB C BpeJHUM 8IeH—
TOM MOXOT HOCHTH BpemeHiufl xapakrep /6/. B CBA3W © 9THM BO3-
HHKIA HEoOXOJMMOCTH N3YUEHUA KPATKOBPEMEHHOTO BO3JiefCTBMA TOK-~
curanTa (0 nocasayoumMm HAaGMOJleHMEM 38 COOTOAHMEM Bojopociell B .
yeToll Moparol Bome). 9TR MCCNeNOBAHUA MPEJCTEBIANT HHTEPEC B
OBA3A 0 oleHKo§l penapalMoHHHX coocolHocTel ONHOKNBTOYHHX BOJO-~
poanefl moose cHaTMA TOKCHYecKoro sddexra. Hamu npopopumick uc-
CJIBJIOBAHWA JMHAMAKY MHTEHCHBHOCTH pocTa Thalassiosira baltica
nocne 15-I120-MMAYTHOTO KOHTAKTA ¢ Mopokofl Bomofl, conepxauefl 50,
100 ® 1000 Mxr Cu /N - KOHUGHTDAILWM, ABJAOUMECH JOTANLHEMU JULA
HOOJO[yEMOI'0 TeCT-00LEKTA OpH JYIITEJBHOM KOHTAKT® C TOKCHKAH-
rom (pno.5). JmHarmka OTeneHE MHTOKCMKAIMM Bojopocnefl Bantui-
CHOI'0 MOpA NPA KPATHOBPOMEHHOM KOHTAKT® C TOKCHKAHTOM CBIJ|&-
TEALCTBOBANA O BOCCTAHORIBHMM HX XMIHECNOCOOHOCTH MOGAE CHATAA
Tokcuyeckoro sfdexra. Ompaxo npu ocTpofl MHTOKCHKALMH TKEJHMY Me-
TA/AMA [ATOJOCHYECKHe NpONECCH, NPOTOKAKUME B OPraHM3Me BoHO-
poonel, OKA3HWBANTCA HEOCDAaTHMHMA JIAXE NOCJAe N6DEHECEeHHA MX B

OBEXYD ODOJY.

CoEOOK JaAHTOpPATY ﬁ H
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YIK 677.475(26)
" E.I'.Craponycues, B.L.Ju, H.A.Pommonon, H.M.Kynmmuy
TuxooxeaHckul oxeaHosoruueckufl mucruryr JHIL AH CCCP

BOSMORHOCTE MCIOJB30BAMA BHOJOXMHECIENTHOTO METONA
JUi OLEHKY COCTOAHMA IAHKTOHHOI'O COOLUECTHA
HA TIPUMEPE fIBJEHHA "KPACHOI'O [PIUIMBA"

OoyweeTBaenne GHONOTHYECKOT0 MOHKTOPUHTA NpEeIycMaTph-

BABT HONOAL3OBAHNE BKCHPBOC-METONOR OLERAKH COCTOAHMA XHBHX Op=
raHuSMOB. BHOOMUHOCLBHTHHI METON, NOAHOCTHL oTBeYabumil Tpedo~
BAHUAM BKCAPECOHOCTH, MOKET OXA3ATBCA ROCTATOMHO MHOpMATAB-
RuM i pegiel dnonrorudeckoro Momntopusra. Havm Ouna opepnpuiia~
TA NONHTKA © NOMOUBL CUOJIMMHECLEHTHOTO METONA MCCAELOBATH CO~
OTOANMEe NNAHKTOHROIO COOCUWECTBa B HEPUOJ] MACCOBOTQ PA3BATHA Op~
raHHsMa Nootiluca miliaris, BugBapuwero pectofl 1980 r, annerme
"kpacroro npmmsa" y deperop Lxuoro [pumopa.

Marepuanou Jua HacTomucll paGoOTH MOCAYKHIM JAHHHE KOMIIEKC-
Roft rEjpoxsmmuyecKoll ¥ ryipocuonorndeckoll cresuu, BHnoHeHHol
B anpane-upre 1980 r. OGuwio B anpene B dm'ranm'ms-roue JOMMHI—
pyoupEME BRAAMH ABJAKTCA Coscineodiscus centralis, Halesphera
viridis, Leptocylindrus dinicus, Dinobryon pellucidum /2, 6/,
a B Ma3e NOABMANTCA Rhizosolenia hebetata, Chaetocerus atlan-
ticus, Peridinium pellucitdum, Carteria multifilis /5, 9/. Op-
HAKO I'HJPOJIOTHYECKA CHTYalMs B wro~aanajHoll wacru san. [lerpa
Besmixoro pechoft I880 r. pesko orimyajsack or cpemiell muoroast-
H#8f, YTO BHSBAJO HEOOWYHO MACCOBO® H pAHHEE DABBHTHE Nocti-
luce miliaris, HoxkTH/NKS oOnajacT CROEOUpASHHM CTPOSHUEM, COB~
MeWaA NPMSHAKY XMBOTHOTO W pacTesmwsi. Boramus oTHooAT €e K ne-
PUIHHEEBHM BOJOPOCIIM, B00J0TH ~ K EMBOTHHM THIA fnpocTeftuix.
JoBosbHO NONHHE CBEJSHMA O PASBETHY HOKTWIOKM B 3an. [lerpa Be~
JHMKOrO conepxarca B padore /7/. ABTOpY YKA3WBALT, WTO WUHCHEH-
HOCThH HONTHJIOKH HAXOJAWTCA B OpiMoll DADMCHMOCTH OT TEMRNEpATYpU:
MOKCRMANBHAN YucJaeHHooTh (50 xn/A) HAGIORAcTes, KK NpapsAo, B
none-aprycTe, KOrya Temnepatypa BojH HAROOA8E BUCOKO,
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[268] Omano gpeliaomeniusie B Hux Moaean nMetor cyrybo ncchae-
AUBATCALCRINT 11 NPeABapHTe/ILIbIT  XapakTep H  HeNnpHuroanb aJs
peticnnd NPpHRIAIIBX 310N, Hnmewres u JApyrue npuMmepb Moaesan-
ponannd  oreAisx tlll):ll'ML‘Hl'Ul] skocucrems  Baatniickoro Mops
I OT LI ACHCKTOR ee (DYHKUHOINPOBA IS,

Heobxo.mm0, 0AHAKO, NOAMCPKHYTL, MTO B IEJOM NpPHMeNsieMbie
JUR neeaenosaiis npobaem baatniickoro Mops MeToabl MoAeJHpOBa-
HIE OTCTAIOT OT CYUeCTBYIOWEero yposus HMHTAUHOHHOIO MoJlennpo-
Balllsg BOANLIX  3KOCHCTEeM, nanpumep, sojedeft Beaukux osep |3,
104, 260], o3 bBaiikan [74], Aazosckoro [95], Cesepuoro [I, 11]
1 Uepuworo [11] mopeii. 1o oterapanne obuacisercs upeanuiuaiino
CAvR oI QY HRLHONAALIOoIl, npocTpPANCTBCINION 1T BpeMellioll cTpyK-
TYpoit arocineremnl Baatinki, npuiiinnaasiion HenplurojHocTbio pas-
POIHCHNLIX, HECHNXPONIBIX 1 MAJIOCBA3AHHLIX HATYPHLIX HabJoje-
L 118 KOAHMECTBennoro onmcanns 3aKOH()ME[HIOCTCﬁ ee ('hYIIKIl,IIO-
HUPOBANIR 11 HEAOCTATOUHO KOMINICKCHBIM - XaPAKTEPOM NPOBOJHMEIX
necaeonanii,

Oucuniano, uto  cepuesinie  peayianratol B 06JacTi  CHCTEMIILIX
neeacaosannii Baartiufickoro Mopa MOMIO NOJAYUNITL AL 1ila OcloBe
(PYILEMEHTAALILIX  MeXUICIIapuux — ueeaeaosannii,. B xone
TAKIX HCCACN0BaNiT Bo3niHKaeT 1eobXoAHMOCTL nposeaenus raybo-
KUX TeopeTiieckiy nasiekamdt n obwnpnux natypunx nabaogennit,
paspaGoTkil 11 peamiisaiuin MaTeMaTiyeckix Moaeneit Kak OTjeNbibiX
npoteccos, Tak 1 nx cosokyunocreit, Jlas pewenus nogoGusix 3aaav
TpebyioTes ofLelnieniue yeuaa rijipooros, riuapoxiumukon, Gio-
JOron, SKOJ0IoB, TeOJ0ron, MaTeMaTHKOB, 3KOHOMUCTOB, TEXHOJOroB
1L PYTUN CHCWNAANCTOB 13 PasjJiuHbIX Opramusaunii, npunaiiexa-
HUEX pasanuiy pegoMmeTnam, Yuntupsas 3to, [ocypapersenusii Ko-
sitrer CCCP ono navie i rexunke oao0pua unnunatusy Jlenunrpan-
ckoro oraedenns TOHMHa o komupcenn  «HMayuenne ruaponoriu u
aarpsanenns soa Bantufickoro mopsis Hayunoro cosera no npoGaeme
cllsyuenne owxeanos 11 Mopeil U HCNOAL30OBAHIE WX PecypcoB» 10
obuetnienino yewini 8 obGaacti usyvenns DBaartuiickoro smops
BRIOUIT B 0Aa0 BaXHENUINX  nayuno-nccjefonatessckux  pabor
NI onarunersn remy: «BoinoannTe KOMIMICKCHLE HeCAEA0BANNA PH-
poiw Baarniickoro mops, BaanmoaeiicTsns rujapocdepst H aTMmo-
clpeput, HIYUNTL CHAPOQHINUCCKIC N0, CTeNCHL 3arpsaaieiis Boj
It opranuason, paspaGoTars OCHOBULIE NPHHLHNL MATEMATHYECKOro
Mo Inposais skocneremu Baatnfickoro mops; paapaboratn Kan-
MATHUCCKYIO IMITAIHONIYIO MOACAL 11 BepHhHIHPORATL ee Ha oclope
parTypuey dapnsine. OneiT opravnsaiin nonporpaMma aTiux lccJae-
Jdopanidi, Kotopwie  noayunan waapanne «Memaynapoaubii  npoext
«bhaatukar 1 B KOTOpLIX npunnsaet yuactie cauiie 20 yupemuennii,
Godee aetannio ocneuiens n pabore [31].

Hacrosutas kinra gpasercs nepnoit 13 cepuin pafor, B KOTOpHX
npeinogiaracres Ily()JIHI(UIHITI: TeKYULHe pesyianTarnl HCCJIC0BATHIT 1O
npocekTy ebaarukas, o npecacayer  uedb MOAWMTOKHTL  PeayjanTaTthl
avHeHis pasanunux crdpon gynkimonnposanus skocictemu Haa-
THICKOTO MOPH 11 CC 2JCMCHTOR, TOAYHCIHNLC TPAAIUIONILIMI, B 3i1a-

1



UHTEJALHOR  cTeneni  OopHceHnTHpoBannbiMin  1a  yikodcunnannapuuoe
Hirepecn, MeTojamil necaenosannil, Le takke Moo paccMaTpuBaTh
KaK onpeiejsennvii war na nyrtH CHCTeMHOro onncanis  o0bLexra
MOJLEJHIPOBaAlis, KOTOPOE B COOTBETCTRINI € TEXHOJOTHell NocTpoeHiis
HMUTALIOHIBIX MOAedeil spaseTcss Heo6X0ANMBIM 3TANOM [0CTANOBKII
3a/aull MoAeaHpoBaniisd. ITIMI 06CTOATENLCTBAMI 11 o0ycnoBaeHa
crpykrypa mMonorpadui. B ra. | gano kparkoe onucaine 3kocHcTeml
BajaTniickoro MOpsi 1 nepeulicieni 3aaaui, BO3NIKAIOUe Npi M-
TallnoHnoM MOAeJMIIpoBaliill BOAHBIX 3KOCICTEM. CJIE.’].)'IOLL[IIC HeTbipe
rJiapn nocpsiuienol OoJiee A€TaNbHOMY paccMoTpennio BaxcHeiumnx
yeaosiii  (popMHpoBalHA 1 3aKOHOMEpHocTell  (hyHKILIOHIPOBaIs
3KOCHCTEMbBE: (DAKTOPAM BHELIHEro BO3jielicTBHs, abHOTIHuecKHM H GHO-
THUECKIIM  KOMIONEHTAM 3KOCHCTEMBI, TCOXNUMINI  CeAlMEeHTall i
Jolielx ocankos. K coxanenmo, orpannuennuiii o6beM KHUrI 3acra-
BIJI OCTABHTL B CHICKE JIITEPaTyphl JiillbL ocliopibie paborul 0606-
alouero  xapakrtepa M nyﬁmmalum, -cojepKautie opurullanbuuﬂ
(paKTHHCCKHT MaTepHas; NPakTHYECKH NMOJHOCTBIO HCKJIOYEHbBI CCBLIKII
anTopon OTACALILIX pasaenon ita ux cobernennnie paGoThl.

B uanncanun mounorpadinn npitiumMan yuactiie GoAblioll KoJJiek-
THE aBTOPOB 113 yupeaciennil — coucnodnireneii npoekra «Banruka»:
npejucaonie nanucano M. H. Hasupanom, O. TI. Casuykom n
10. B. Cycranosum *; 1.1 — A, H. Cmupuosoii n O. Tl. Capuykon;
1.2 — 0. Il. Casuykom; 1.3 — B. H. Kysneuosuim; 1.4 — O, IT1. Cas-
uykom 1t A. A. Kononoukoii; 2.1 — 10, B, Cycrasosuis 1 B. M. Anbr-
wyaepom  (Konnuecrsenuas ouenka CcyMMapHoro BOAO- 1 coseol-
mena,..);, 2.2—M. JI. Macanosoii, Huernryr oseposencnns AH
CCCP o H. B. ®uaarosoii, JIMBT, 23—10. B. Cycrasosbim,
E. C. Yepustesoit n A, M. Cmupuosoii (tennooGmen n rensiosoil 6a-
naiic); 24 — A, A, Jlasue, GO HIIC; 3.1 — A, E. Muxaiiziosuiny; 3.2 —
H. M. Cocrunein u A, E. Muxafinosum (OGulan xapaktepuctiika co-
agenoetn); 3.3 — M. 1. Kapnosofi, JITMIT n A, E. Muxaiiiosuin; 34—
H. C. Ulnaep u 10. B. Jlapuouosuim; 3.5 u 3.6 —A. K. IOpkosckum,
BantHHHUPX; 4.1 —0. Il. Casuykom u M. $I. Banone, MG Jlat-
puiickoit  CCP; 4.2—X. A, Kykkom, Taaauickoe otnenenne
BantHHHPX; 43 —B. A. IOpkosckoii, UE (Otkputoe mope),
C. O. Anune (IpuGpexnan sona) w B. [l ITlaatnupa (Bakte-
glmueiicmu oaectpykuna uwedpti n Puamckom  3anupe); 4.4 —
2.5 Boikonoit, HMB; 45 — E. M. Kocrpnuknuoit, BaatHIITPX
(Orkpuroe mope) n P. 10, Jlaranosckoii, Tl (3aausw); 4.6 —
A. AL SlpsexionwroM, Hucernryr soonorun u Gortanuxkn AH DCCP:
4.7 —TI'. B. I'payman, BaatHHHUPX; 48 — 3. A. Osaseepom, Taanauu-
ckoe otaenenne BaatHHHPX; 5 — 0. C. Tycreasunkoswn, HMueti-
TYT aoosaorin w napasnroaoru AH Jlurosckoin CCP o E. M. Emeann-
nosuim, Arnantuveckoe orneneniie HO AH CCCP.

Konnektun asropos rayGoko npusnatenen I A. Bunorpanosoii,
I[1. Koucrantunonoit, A. B. Maxnosoii, npoaenasuniM Gonbiyio
paboTy no noarotoske mouorpauin K 13jganiio,

P

* AuTOpi, BCAOMCTBENNAR NPUHALACKHOCTL KOTOPLIX He YKAalana, SBAfOTCH CO-
Tpyannkasn JIO TOHIH,

b= |



paitoias Mops, HOCKOJALKY B Janiofi  Touke  npocTpanctsa B Jlo-
GOl MOMCHT BPeMCHI Ha OUpeicJeiiioM TPoHUeCKOM yponiie JAOMH-
HOPYET, KAK DPABNIO, BECLMA Orpaniuelnoe uncJo BHAOB, cpusanioe
C ki pastooGpasnes naanuie ¢soboANbN HAN NENJNOTHO 3ace-
JCHILN IROAOTIMCCKIX 1L TIPHBOANT, NO-BIULIMOMY, K Melblieil
crednaansaiin GanatTniickiux OpraHnaMon No OTHOWEHHIO K YCJOBHAM
onpyskalomedl X cpean; pacnpoctpauenie OHOTH B 3UAUHTENLION
cTenelin KOUTPOANpPYETCs pacnpeieyeniemM coJelocTi, Npuyem Ads
MUOITIN G108, 00HTAIOULIX B YCAOBHAX KPITHUCCKUX JUISE HHX 3iaue-
HIHE COACHOCTIL, Tpalliia apeasa onpeiefsieTess NoJoKeHnneM Toi i
HUHOT H3OFTIILE PASMepnl OPratnsMon it HHTEHCHBIoCTL HEKOTOPbIX
(PYHUIT ANINEICATEILHOCTIE MOPCRIX 1 PECHOBOANLIX BILJIOB, pas3-
BHBAIOULIACS B HeBAaronpuATHLIX A8 HHX COJ0HOBATOBOAIILIX YC0-
BIHN, -Ldh (PABILIO, CYULECTBCHHO NHIKe, MeM y Npeactaputeneil Toro
AR BN B COCELNNN BOJOEMAX,

4.1, duronaaukron

@UTONAaNKTON — FAABHLIT aBToTpo bl NpoAyUenT oprauiie-
CROTO BCULCCTBA B MOPEe — SBASETCH OAHUM 03 Ba)KHeilnx arentos
KPYTOBOPOTE 3HCPEIIE 1 BCLLECTRA 11 OTHOCHTCA K MICAY OCHOBHBIX
CTPYRIYPHO-(PYHEIWIONAALIBLIX  91eMeNTOn  IKOCHCTEMbl,  CBA3LIBAS
COOOMCCTHO ARNBLIN OpraniMon ¢ COBOKYIHOCTLIO OKeanoJornyecnix
vesosnil o yikuionuposanin — 6nounenos ¢ 6unotonoM. Cpsian 3Ta
OCYULCCTRANCTCR, ¢ OANO  cTOPONL,  OHOCHHTE30M  OPralHyeckoro
BOHLCCTRA, a4 ¢ Apyroil — ero yruauzannedi 6HoTnueckimi aaementamiu
FROCHCTOMIM — 0.’1|\'r(-p||smn. AOONJANKTOHOM 1 JODGEIITUC()M. HINTHO-
N TenoN ar petbasin. 2KnsieaesteanioctTeio  (PUTOMIaHKTOHHOTO
COLOULECTBA  ONPEIEISICTCs 11 OAHO 13 Bauellnx 3BeHLeB alTpo-
HoreiHoil suTpoduraiin — ycsoeuile akocicTemMoll 106aBOYHBIX KO-
HecTs MIHEpaJILiux coennennii Gnorennwvix anementos. [1pu 3kono-
ritseckom vothropiire [43] cTpykTypiio-gynkunonaasise xapakre-
PHETIRN t]lllI'l'lll.lilllI\TUIIHIH'U coobuecTBa — YHCACHNOCTL M GIIUMHL'C.'-],
BILIODBON cocTay 3 COOTHOWEeHHe pPa3aHYHBIX BlILAOB, NPoayKus i
ABINAHHEe,— HCNOAL3YIOTCS B KauecTBe BaM{lbIX Nokazatehell cocTos-
Wi OHOTH BOAOCMA I €10 IKOCHCTEMLE B LLEJOM.

Oownpusie nectaetonanns  guronaansktona  Bantuifickoro  mops
OLEI mavaTu eute va pyGeaxe NIN o XX pexos [232]. B nocaeanue
roane onvGaukonan psin obsopiux pator [40, 49, 132, 180, 198, 205,
205, 232, na ocnoBani KOTOPLIX MOMKHO COCTABITL Npeactapieiie
00 VPOBIE CFO H3IYUCIIOCTH 1t 0 HEKOTOPLIX 3aKOHOMEPHOCTAX NpO-
ctpadersenno-spevcennoi masikn. [pu 3tom orpawitiuses anub
OTkpuTol vactuio Baatwiickoro mops 1t ®uuckoro 3aansa, ne pac-
cuarpupast hpuronaansTon npubGperuoil 301w, a Tamke Plokekoro n
Botiiecnoro saansoun,

Ocuosibie neroctathn it npofeas oo eeieaopanins  (piuronians-
Totta Bt sagmouaiotes o cacaywoues [180, 232]. Orcyrersyer
CoUmni yiguunposanisil nepeneinn  BIAOB,  OXBaTeiBalOuuil - pee



Baariiickoe sope. e cozftann oGIEnpuanaiiinie ekt AoMiin-
PYIOWHX H THHHYHLIX BUAOB Jaas pasJiidibix pai'lcmou Il cesonop
roga. “pespnmaiino cnaGo  necaefoBall  HaMHONAAHKTON, B CBA3N
c uem B jannoil paGote ero BIOBOIT cOCTap i pacnpejeaenie He
pacemarpusaiorest. Onpeaeaenis GHoMaccul 11 NCPBIHION IPOAY KL
{[)II"I'OIIJIHIIKTOIIH. ppinoJguelnipie 3 pasiple rojibl B pasianuibix cTpa-
Hax u Opranu3anuax, Hi-3a HECOBCPIICHCTBA MCTOANK MJ0X0 CONo-
cTanpMul MEXAY co0oil 0 NPHrOMIL TONLKO Juist  Bechma  rpy06oil
oueNKi 1IpoCTpalicTBelo-BpeMennux  3akonomepiocteii. B cBasn
¢ THM  Kpailic 3aTPYJUIClo BLISIBACING  MIOTOJCTUNX  TCIULCHIL
B coctape, pacnpefenenui u Opomacce QuTOnAAlKTOHa o MaJoHa-
JENKHB HHTErPaJILHBIC OUCHKH NEpPBHUHON NPOAYKTHBIOCTH MOpa 1
Cro otTaelbliblX [)aﬁOIIOB. Cpamurre.ﬂuno fnpocroie 11 HaneXHbIE ME-
TOAHKI HMEIOTCH [Jisi Ofpejesnenis B MOPCKOfi Boje  Xaopodiiiia.
O/ulako BCJEACTBHE CYLLIECTBEINO MEXBHAOBON 1 Ce30HHOIT H3MeH-
HHBOCTH coaepanis X-’IO[)O(I)II.’I.’!H B KJETKax BO.’IOPOC.’ICI-I. AdlHbiC
10 KOHUEHTpaunn ero Gops caeayer paccMaTpuBaTe CKopee  Kak
leKoTopLlil  HedapicHMLIL NOKa3aTeab, Xapakrepusywouwnii (pusno.o-
rHMecKoe cocTosiie 1 NPOAYKINIoNHYIo cloco0HocTh (PHTONAANKTOH-
IIU[‘U-COOGIILC‘C'I’B&, HeM Kak xapal(TepncTnHy ero Gnomaccel. 3aMeTin
TAKKE, UTO NP GOALION KoJvecTee (aopucTiieckiix 1 Gioreorpa-
(pnuecknx nybankawnii, uneno padoT, NOCBRULCHITLIX MPOAYKUNONHO-
IROJOTrIHecKIM  Heeaeposannan pnronaankrtona Baatuiliekoro asops,
Bee eule Hepeanko, uTo Kpailne saTpyanset anaiani anHamugn ¢guro-
NIANKTONd KaK 3B€Ha B KPYyrosopote pedlectsa Il nujnkatopa co-
CTOSIHIS 3KOCHCTCMDLI.

Bunosoii cocrap duronnanxrtona Baatiiickoro mops, n ocofeli-
HOCTH €10 OTKPLITLIX Pailonos, OTHOCHTeALHO Gefelt W IpegcTasici
HeGONLILNM UNCAOM JOMHIHPYIOWLNX W Tunnunelx snaos (taba. 4.1).
Cymmapunasn uncaennocts (PUTONNAHKTOHA MOMKET JA0CTUFaTh  1ecAT-
KOB MWIANOUOB KJAeTOK Ha JHTp, NpHYeM B 1epHoALl MAaccoBoro pas-
BUTHA OCHOBHAN JI0A8 NPHXOMITESE  Ha  HeMHOrHe  J0MuuupyiouLe
pian [40, 208]. Cpeaneroopas Guomacca coolUICCTBA B OTKPHITOI
Baarnke namenserca s npeneaax 10-'—10'" r/m?% a 8 nepuoant sak-
CIMAJILHOTO BECEHHEero WBeTeHis Moxer poxoants o 100 r/m? [10].
Mo nannuim, cobpannuim o paotax [49, 205]7 B oTkpuTLX pailonax
MOps coaepxalie xaopoguaaa «a» B JeTHIHT  NEPHOL  H3MCHAeTen
B npeaenax 10—80 wmr/m?, no nopapasiouee GOALUIGICTRO N3MCepe-
niii nonajaer n Gosee ysknii untepsaa  10—40  mr/v?E Oanaxo
coobutaetca n o nabmonennsax [205], 8 KoTOpLIX 3aperucTpupoBalibl
anavennsn 100—300 amr/m? 1 Goaee, Mo pazuuin NeToMINKaM, Takmke
o6o6uennpim B paGote [49], roposas nepeuunas npoaykuns ¢uro-
IIANKTONA PaztitiipX pailonos MOpSt HAXOANTCS B OCHOBIOM B npe-
Aesnax 30—900 rC/(m?-ron). Oanako nocpasienioc npubpesini A
pafionaM NpoOAYKIHA B OTKPLTON Bantuke anaunteaniio miske, n3-

Y Pasanuiinimin asTopamin coAcpiauniie xaAopodiana  «a» paccHiTano B CA0RX
pazanunoit Toauts ot 0—6 m o 0—G60 M, NO3TOMY B HPUBOANNBIX 3NAYCHIAN 30-
MCTHA eCTECTDENNAN TCNACHUNA K X YBEANMEHNID € BOIPACTANNCNM TOIWMNB CIuR



Tabauya 4.1

Xapakrepusie sian GpUTONAANKTONA OTKPUHTHX pafionos Baaruickoro mops

[40, 132, 180, 208]

Chcrenarnueckan rpynna m nug Odvem Kaetok, mem?, no |208]
Bacillariophyceae
Actinocuclus octonarius Ehr, 20—40 000
Chactoceros dunicus Cl. 800 —1800
Ch hotsaticas Schaitt 500 (2000—3000) *
Che wighami Brighta 165—6300
Coscinndiscus granii Gough. 200 000—570 000
Meltosira arctica (Ehr.) Dick 2500—2900
Sceletonema cosfatum (Grev.) CI. 77— 850
Thalusswosira baltica (Grun.) Ostenf. 10 000— 18 000
Achuantes taeniata Grun. 200—400
Diatoma clongatum Ag. 2000
Chlorophyceae
Qocystis varia 2000 *
Pediastrum varia 5000—8000 *
Chrysophyceae
Dinobryon balticem (Schatt) Lemm. 400
b tripartita (Schum) Lemm. 4600
Dinophyceae
Ceratium fusus (Ehr.) Duj. 14 000—37 000
C tripos (O. F. Miller) Nitzch 92 000—145 000
Tunophysis acwminata Clap et Lachm. 18 00D
D. battica (Pauls ) Kof. et Skbg. 20 000
D norcegica Clap. el Lachm, 18 000
Gonyaulax catenata (Lev.) Kof. 5000—10 400
Pericimium pellucidmm Schiitt. 20 000—38 000
Prarocenteum micans Ehr. 75000
Cyanophyceae
Anchacna flos-aquae 15000 *
Aphanicomenon flos-aquae 190 (B000—12 000) *
\odularia spumigenu 315 (120 000—180 000) *

* O0uem woJoii.

senseres v 6osee yaknx npejaenax 70—120 ¢Cf(m%-ron) [205,219]
it 5 oolues Yaenniiae es ¢ lora na cepep [232].

Bocnoapsosasiiics aTHMIE OLEHKaMIl 11 cuiTas cpeaniow rayouny
Tpodorenmioro caog pasioit 20—30 A, MOMKHO Beaen 3a  aBropami
pador [40, 49] ortueeTn Boas OTKpLTHYX paitonos Baatukk K me3o-
TPOGUIONY THOY, HePexOsIeMy B anTpodiiil.

[Tpse e oGobHeniue oueikil No3poasiorT coCTanuTL ANILL
HenteTapoe rerpaiapioe npeacrapicinne o lI‘lITOll.’laHIiTHIIC Baarii-
Choto SOps B cpasienige ¢ apyrii sogoesasi, [pn mmoGom Goaee
JACTOLIOM AHaN3C neaLdst e yunrunate, 4to pacnpcncncnuc Biao-
poro coctana, Gnosaccst 1 gepoiinoit  npoaykwin  gutonaankrona



XapaKTepHayeTcsi CylecTnennoii npocTpaucTBelio-npesenioi  neoji-
HOPOAIOCTBLIO B IHHPOKOM clexkTpe macwrabGos: oT macwtabos mops,
YTO CBA3AII0 € €ro 3HAUHTEJALHOT MepHANOHANLUOIT IPOTAKEHHOCTLIO
H HaJiuieM ropH3oNTaJbLHLIX FPajlenTos cOACHOCTH, A0 MUKpOMac-
wraGos, oGHapyxeninux B noasax xjopodguana [46], u ot mexrono-
BOH H3IMENUYHBOCTH, nNposBiasoulefics Kak B KoacOannax Guomaccew n
npoaystusioct [40, 49, 219], Tak 1 B cMeuweHnANx rpaHnL i H3aMe-
HCHHAX NPOAOKHTENLHOCTH HITEPBAN0OR XapaKTeplux (enoaoruie-
cknx siaennit [206], po BHyTplcyTounbX KoaeGaumwii [127, 257].

[Tpocrpancroenno-speMennoe  pacnpejenciine  (HTOMAANKTONA
B MOpC CKJAAJALIBACTCS B Pe3yaLTaTe B3aHMOACHCTBHA NPOAYKUHOHIO-
MMIHAUHONHBIX  (GHOCHNTES, BLIELAlNe, CMEPTHOCTL) I TPaHcnopT-
HuX (anpsexuus, nepemeltnsaiie, ocenaunine) npoueccos. IKomiue-
CTBEHHLIE ACHeKTLl Kax/J0ro H3i 3THX npouecces o 1Tem GoJsee Hx
n3aumoneiictenit s cneunduvecknx  yeaonusx  Baatwniickoro  mops
npaktuuecki we uaywanuch. [lostomy ans xapaktepucTuku  ¢uto-
MJIaNKTONa Kak 3jementa akocucTemul BanTtwiickoro mopa oGpatiimes
K Hurerpajbiomy ])93YJleaTy B3anMoaencTBus ITHXN npoueccos —
nabuonaemMsiM 3aKOHOMEPIOCTAM PAa3BUTHA 1 cMelnl GHoJorHYeCKITX
cesoinop Banruiickoro mopa. Tlpn 3tom caeayer nomuuts, uto npi-
BOJLIIMBIE HI1KE OUEHKI CPOKOB TeX il HHbIX (Penosoriieckx soie-
HIf 1 HX KOJHYECTBeHHBIX XapaKTepHCTHK ABAAIOTCSA BechbMa npub.an-
INTEALUBIMIL KAK BCJACACTBIIE eCTeCTBEeHHO MeKroaosoil 1 npoctpai-
CTBEHHON H3MEHUYHBOCTH YCJAOBRI  (DPYHKUHONHPOBANUA  JKOCHCTEMb
Baatufickoro mops, Tak 11 u3-za upesmepio 60,160 THCKPETHOCTI
nabonenuil,

Jusod, ¢ nexabps no gespans — cepeanny anpeas, 1eCMOTpP Ha
BLICOKYIO Konuentpaiio Gnoreinux sjnementon, Guocunres OB cnal
13-33 HU3KUX OCBEULeIHOCTIE W TeMiepatypul BoAbt 1 ne cnocobent
npeonoaets vozaeficTile HHTENCHBHONO 3UMUETO NEPeMeUBAIIs, Bhi-
BOJILULETrO KJETKI BoAOpocseil 3a npeaenut kpaiine werayGoxoii asdo-
THveckoli donpl. GUTONAANKTON COCTONT 13 3KOJOMHYECKI PazHOPOL-
HLIX BIJIOB W ero GuoMacca B TOJILe BOJA noscemectiio nuaka 10-2—
10=1 me/M TonumnuiMun npeacrasurensisdyt sisaniotes Aphanizomenon
[los-agquae, Chacloceros  danicus n Peridinium pellucidum [ 180,
208], a B cepepumx paiftonax 1 ®unckom sannpe — takme n Gony-
aulax cafenafa [239]. Oauaro ocnosy coobulecTna, (PyHKUIOUIPYIO-
WEro B XOJ0MAHON it OTHOCHTEALHO [O0THOI BOAC B YCAOBIAX HE1O0-
cTaTka CcoJiednoil 3MEePrui  CoCTaBANIOT  CPABHITEILIO  TaMme ule
JUHATOMOBLIC BOAOPOCAN ¢ HH3KIM CBETOBLIM ONTHMYMOM, o6Janaio-
uge  cnocobHocTLIO e1aTh 3anacsl 1t NOALEPIKIBATL CROK  NTABY-
veerr, [198]. B senosom  nokpose,  3aAepiKNBAIOUICM  COMNCHIYIO
pajiaine o npensaTeTRYIoNIeM  BETPO-BOAIOBOMY  NCpeMeliipaniio,
TakzKe nepeAko o0Hapy upaT nonyasi AnaToMoBLIX, BoAopocaei
[180]. Omnako s3anmMocssizn, MENULY BECCHIIIM OTCTYILTCHHEM KPOMEKH
Javaa nouserennes Quronaankrona na bBaatike, no-puanmomy e
HCCCOBAJACH,

Becna, nactynacune KOTOPoit  ONpejlessietest N oM HeeTeis
purtonaankTona, o opasLx  paitonax HauNHACTCS B PAINLIC CPOKH,



KOTOpue K TOMY e BApPLIpYIoT oT roga K I'O,'ly_ llﬂl)illly ¢ BLICO-
KU RouenTpanuas Gnoreiinx cocunieniii neoGXoANMBIM  YCJI0-
BHEM 39304 BCHLIWKN WBETeNis ABETes Boapactalie KoJluecTsa
coednoii aneprin, NpuxoAsuell na nopepxuoctTs Mops. 1o yciosie
CulTaoT HexocTatodnbin 11 yKasuisalot [205, 206] na neoGxosnMoctn
YCTanosaenst Teanepatypuoii erpatidukainn BoaAlol ToAU, KOTO-
pas ocaabaseT nepevMeuniBanie i 3aMedseT BEIoC KACTOK N3 3B(o-
THaeckoil 3onel. OmMIako jgannpie o Havaie UBeTelus 6o ycJoBsisix
HeftTpaduioit vetolisisoetie etoaba soast (No6po o Ap., uut, 1o
[269]), [146] w peayantatil MATCMATHUCCKOPO MOJACHNpOBAIIIS pad-
BHTHS BCHLILIKI B YCJTOBISIX DECLMA  IHITEHCHBHOrO NnepeMeninBanis
[269] n03B0AROT YCOMUNTLCS B HEN3MENIOCTI onpeaeasionleii posan
TesMnepaTypitoi cTpatidilkaiiny, yetanosaciie KoTopoil MoeT oka-
3aThe He CTOJOLKO ll]ill'lllllf)ﬁ, CKOJILKO caejactsiuem ocaabaenng ne-
PEMCILINBAINII, CBHIAINIOro, HANpHMep, €O WTIAEBON noroaoii.

Boana usetenus pacnpocrpansercst ¢ loro-zanaja Ha  CeBepo-
poctor 1t ot Geperon s mope [40, 208]. B coorsercraine ¢ pabortamit
[170, 171, 205, 206, 208, 229, 238, 239] moKHO cYHTATL, YyTO B ApKON-
crkoil it FaanbCckoil nnainnax upetenne npoucxoinT B MapTe—anpene,
B Bopixosasscroil —u anpeae, a s Fotaanackoin snaanne n s @uu-
CKOM 3a1Be — B anpeae—wsae, T. €. pasuocth (pasz meway Apxou-
choil pnaannoi 1 Puuckny 3aansom cocrapasetr 1,56—2 wmec. Paa-
BUTHE BCOLIIKE OT €¢ nauaia Ao KyJsMunaunn sannmaer 1—3 ne.
3a u10 spevi Onovacca (uUTONIaNKTONA BO3pacTaeT B JICCITKH paa,
sanacu Giorcnos OLICTPO HCTOULAIOTCSA, a KOHIENTpauns Kicaopojaa
VBEANUNBACTCH, HTO B COBOKYNHOCTH ¢ MHHHMAaALHON Temnuepartypoit
BOAB 06ycnoBANBaCT HactTynjeine rogosoro Makcumyma O [229].

B nepnoi makciumainbHoro passuTist, agasimiics 1—2 nep, Ono-
MAccd NAAHKTONa B OTKPHTHIX pailonax  oObIKHOBCHNO  cocTaBasiet
100—10% r/m? nan 10°—10" r/m® [40, 146, 170, 2G69], coaepmanie
yaopoiana «a» A0XOANT Ao coten mr/m? [219, 263] wnan 10°—
10" mr/m® [59, 146, 257], a nepsuunas NPOAYKUHS HIMEHACTCA B Npe-
aeaan 10-1—10° rC/(mZ-cyT) [59, 149, 205, 219, 257, 263] nan
102 MrC/(m*-cyT) [146, 269] OGyayun, no-suauMomy, IlanpLiciiei
v Manscroil snaanne [205).

Oronuatine vecenneii (asul passnTua (putonaanktTonioro  coob-
uecTsa 1o 3naunteaslioe (Ha OAHN—ABaA Nopsaka) cimkenne Ono-
vMaccewl polopocaeil, nponcxosuiee s tewenne 1—2 nen, o6uio cosi-
aupaiot [180, 198] co cmpkennenm ckopoctn GHOCHIITE3a,  KOTopoe
NPONCNOANT Ha (poHe BOIPACTIHNN OCBEULEHHOCTII 1t TeMnepaTyphl
BOALE W BLI3BANO l[C‘IL‘[)IIx'lIII'IGM ganacon OGHOrenoB B 3BCPOTII'ICCI(OI1
J0HE 11 yCTanopaenes Tepasnyeckoil cTpaTudukaunn, npensTeTByIo-
uieit nx noctynaciiio na rayounnux caoes. Ponn ocnosnoro  (axk-
TOPaA, JUMUTHPYIOULCTO HepBItIyio nNpoaAykumo 8 Baatike u koutpo-
AUPYIOULCTO e B Npouecce BeCeHiero UBeTeHia, 1acto OTBO/ST ajoTy
[174, 232]. Oamaro Goaee aetaduhbie necaerosauns (em. n. 3.5)
HNOKAJILIBAIOT, UTO B HacTosulee ppems pasysiee pojjlepAarnes or
Ge30roBOPOMIOTO NPHINAINS a30Ta  CANHCTBCHITLIM  JIHMHTIHPYIOLLIM
l[h’ll\‘Tﬂpll\l I CHITATL, MTO B 3aBHCHMOCTH OT COUMeTanus KOHKPeTHBLIX
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)'('JIUUIII"l B Ih'.l.'J..’III'IIIhIX paﬁ()uax MOpsE 1L B pasibic MOMCHTLI ll]'lt‘h'l('llll
JIIIMI!TII[)YIOU.[CL‘ UOJJICI“ICTHIIC MOTYT OKaibuBarTh Kak COCJLHILCHIS asoTa,
Tak 1 coegnitenns ochopa. Yxyawenne (puU3HOAOTHIECKOTO COCTORA-
1S KAETOK BOAOpOCAeli, cofzannoe co climeniem cKopocTi GHOCHH-
Te3a, UPHBOANT K YMEHLINENHIO HX NJaBYHecTH i [OBLILENHIO ecTe-
CTBEINDI CMEPTIIOCTIL, B pPe3y/bTaTe Hero suaunTelbHast vacTh Nnpo-
ayuupopaiioro OB Boixoaut na ashoThueckoil 30Mbl 11 0Ceiaer 1a
o (XoGpo w oap. wnt. no [269]), [146, 216].

Jpyrum paxiniM PakTopoM, KOHTPOJAHPYIOULIM HITCHCHBHOCTL 1
NPOAOUIKITENLIIOCTL BECCIICro URCTCHNA 1 HPHBOJSILLHM K HaMclie-
HIO  BIAOBOI CcTPYKTYpLl coofutecTBa, spasercs  poleianne  Huto-
MAAUKTONA  pacTuTeanionanuy  soomnanktonos. [lo-sianmony, stor
poiece A0MMKeNn HrpaTte GoALIWYI0 PoaL B TEMILIe oL, Npit pai-
feM pa3snTin Mesosoonnanktona [em. n. 4.5]. Takum oGpasom, pac-
npeaesenne NpoAyUHpPOBaIIIOro BeWecTsa Mexay nenarnueckumu i
GeHTHYECKHMI KOHCYMEHTAMIl I peAyUeHTaMil B 3HaunTesauHoil cre-
HEHH OnpeaeasierTcs TepMHYeCKIMIT YCAOBHAMIL AAIOoro rofa u ray-
Guioii mecTa.

B uenom OGuomacca (puronnangrona JOBOJALHO OJANOPOMAIO  pac-
HpeAesCHa B BEPXHEM MCPEeMelaliion ¢aoe | Pe3K0o  CHHXacTCH
1 aortuveckoit zone. Mo mepe paspiurtus uBeTelilst MakcHMym nep-
BICHION POAYKIWING,  BHAYane Npuypoueniuii K MoBepxuocTi MOps§,
darnyonseres po 2—5 M [ 146, 205, 206, 269]. Hapsay c dotomuri-
Guukeil (poToCINTE3a 11a OBEPXHOCTH MOpPS NHOJOKEHNC NOAN0BEepN-
HOCTHOTO MAaKCHMYyMa MOMET Takie OnNpeieInTLest Tesm, Ha  Kakoil
rayGuile yeTaHasJaHuBaeTcsl ONTHMAJALIOE COOTHOWIEHe Mex/1y oc.a-
Genatowteli noABoANoil  ocsewenocTeio. 1 «andpysnonnoii  mounT-
KOII» HCTOWCHIILIX noBepxuocTHLX Boa OGuorenamit 13 rayOuHiLIx
caoen [269].

Maccosoro passuTiua B OTEPLTLIX pafionax JOCTHTA0T HeMiorie
IBpUTEpPMUBIE 1 3BpHradnnubie  apkTo-Gopeanbhbie  puaw  [40].
TunmunpiMie npeactasutensiMin sigasioresi  aAnatomonule  Achnantes
taeniata, Chaetoceros varia, Melosira arclica, Scelefonema cosla-
tum, Thalassiosira ballica, Th. levandleri, nunogaarcanstu Gony-
aulax catenata, Peridinium pellucidum, xpusosmonana Dinobryon
balticumn w cnne-aeqncuan Aphanizomenon flos-aquae [40, 180, 208].
Xapawrepnoii uepToil Becenero usetenis sipasercs OucTpas cyena
O/UINX BHAOB APYrUMIL B AOMIUIpoBalite no Guomacce ouelin HeMiio-
X BIYIOB, cpeal KOTOPbIX vacto waswalor Ch. wighamii, Scelefo-
nema costalum, Th. baltica [40, 146, 170, 171, 269]. B cescpuoi
Baarnke n, p ocobennoctit, 8 Puickon aaause Becellee upetene,
KaK NMPaBujio, HAMHHAETCS ¢ PAsBHUTHS ACCOUMALINT «AHHO(AATreNnATL
(Conyaulax)+ nnatomopnie», © KOTOpOil nopasasiouan oas Gio-
maccn (no 80—90 %) npuxomantes na Gonyaulux catenata, a Takie
st kak Ch. holsaficus, M. arctica, Navicula vanhdéffenii, Nilz-
schia [rigida, umeor noauniennoe suavenne [170, 208, 239, 269].

s”C‘TU, Havuualoweecst co JauNTeALNOro CHHRernms Gronmacchl
BOMOPOCICH B alpeae—iioie, MOXIO JOBOJALIO OTHCTIHBO PA3ACANTH
Ha jsa nepnona.



Paniniist JCToar, JUSIILENCSE 11a - Beell akpatopinn otkpuitoit Ban-
THIKN N]Hlfﬁ.'i“.”ll'l.'."ll»ll() Jlo 1oJIsL, TL‘MHL‘[)E]T)'[II] nBoL e peanKa i
NPOAOAAKACT BOIPACTATL, OCBEUIENNOCTL BbICOKA, a  KOHUeNTpauni
Guorcnon B nosepxioction caoe Ghauskin Kk uymo. Brnomacca (nto-
AANETONNOrO  COOOLLECTR NAXOMITCS 1A « KBA3NPABHOBECHOM» yponne,
olipeicasemon 6anancon CKOpPOCTH NPOAYKIHI, KOTOpas NOJIepHn-
pacTes, KiasHbin 00pa3oM, pereHepalHell NHTaTeALNbIX COeAMHeH il
B Tpogorenios cjaoe, ocyuiectonsemoil 8 npouecce  metaGonasma
ANUBOTHEIN 11 GHoxiueckoil aitiepainaauin kocnoro OB, n ckopo-
CTIC ATNMIIAWINT  PAIBIBIIHNCH  300IANKTONOM KAk AIUBLIX, TaK
IocpeAcoTMepy Ractox sopopecieit.  CaaGuit  anddyanonnpiii
ciioaTore OHOCCHOD Mepes XOpolo BLIPAMKCUNBITT TEPMOKJINI 1IMEET,
HO-BICUIMOMY, BTOpocTenelnoe siadgeniie. CpaBunTennlio KpaTkoBpe-
MCHHLE Hapylenst 9T0ro pasuoseciist MOryT GblTh  CBS3anbl  Kak
CIaMeHCHIBIL BHCNX (pakTopos, nanpusmep, ¢ nenoropoit (obaau-
HOCTL,  BETPO-BOJAIOBOE  HEpeMEeIBaiue), Tak M ¢ «NpopLBaMH»
qeped Tepyora rayounnux  soj, oboramennux Guorenamu, nope-
AYALTATC QUBCAANITOR, Paspywienis BuyTpeimmx Bos Win JIpyrux
HPOLUECCOB CHHOITINCCRIY 1t Menbnx macwtabon. Caeayonee 3a
YECMCHTICM  ROHUCHTPAIInE HNTaTeAuinix  coacit poapactanne nep-
BICIHON IPOAVKILIE 11 GroMacesl (JUTONAANKTONA HEMC/ICII0  JIeMil-
lt!llli_\l'.t‘ﬁl B Lannes liU,'lUpl)L‘.'lL‘“ CUII()IIL(‘C'['I!()M JOOmJaanKrona, Jjlo-
CTUPHIIM K 3TOMY BpeMenn snaunrensioft 6uomacent (n. 4.5). B csaan
¢ Gulerpoit  ymiwnsawneil s adornveckoll 3ol NPOAYIHPOBANIOIO
OB ero ceanyentauns s 9T0T NEPHOA YMelLIIAeTes.

Biomacca  coobuectsa  wnska, nopsaka  10° r/m?  [269] wan
102 wmr/m® [170, 238, 239], copepmaniie xjaopoduana naiaer ke
10—=30 ae/m? [49, 263] wan wmeke 0,5—3 mr/m® [69, 220, 257,
a NPOLYKWUHS APOXOANT Yepe3 NPOMERYTOUNLI MUHIMYM, lie NpeBhl-
mas 100—300 mrC/(m2-cyt) [59, 149, 205] nau 10—20 mrC/(M¥X
>oevt) | 258, 269].

Bucokas ctenent yetoiimusoeTit w OuleTpas peakuus (hurtonnani-
TOHHOTO COOOULECTBA B ONpeLeaeHioll crenedn ofuicHAeTes, no-Bi-
JAHNMOMY, Cro BLICOKUM BIAOBLIM |)EIJIIO()0]N.I3HCM, GJIBI'OIHIIHI KOTO-
PONY 1A H3MeHenus Tex Wil HueX  yeaoBuii  (yHkuuonuposanns
OTKANKAKTCS TC BIL1LL, KOTOPLIC K 1HNM III)HCIIOCO()J‘ICIII-I. OTL‘H)JIZI Juna-
QIHTEALIES ISMCHYIBOCTE BULOBOTO cocTasa (PUTONNANKTONA B Npo-
CTPANCTHe 11 BO BpeMelll, Ueny cnoco6eTByeT Takwe BLICOKNT noten-
WHAA PasMBOKRCHIS ACTHHX BIAOB, cBA3ANNLE ¢ neGoauiunmn pas-
sMepavine kaetor. Measupaot takke [198], uto waetkn atux punos
OTHOCHTCALIO JIeriki,  HMceloT BLICOKHIT CRETOBOI OllTIIM}‘M n obna-
Aator cnocobnoeteio & nepesewtennsns. HanGoauwnm obuanem o 31ot
HEPHo XapagKTepniyloTes, nanpusMep, anatomonole fol!OHHi ¢.'!0Hgtl'
tum, Ch. danicus, Ch. wighamii, nwnopaareanstot  Dinophysis
acununata, D. norvegica, Peridinium brevipes, P. pellucidum, Pro-
racenfrum  balticum,  Protoperidinium — brevipes,  cnne-aeacnme
Aphanizomenon flos-aquae, Anabaena spp., Gomphosphaeria lacu-
stris [170, 180, 208, 238, 239]. Ortnocnteniio BLICOKON wicaciio-
CTH MOPYT J0CTHEATL  METKORACTOUNLE 3eaeHuie BOAOPOCAN  POLOR
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Oocystis, Pediastrum, Scenedesmus, xpusodurosvie Dinobrion bal-
ticum, Lbria tripartia, ssracnovuie Euwferplia, gpiuntourosue 1
apyriie meakne Quaareansarto [180]. B uenom ke dutonaanxron
3Toro nepnoja npuobGperaer Jgumuibecknil obank, Gonaece sncHo Bhl-
paxennuii B cesepnoil yactit mops u B ®uinckom szanuse [40, 232].

[fanGonee Ba:knoil ueptoil nosanero Jeta, NPUXOAALLErocs  1a
HIOJIL-cenTiOpL, ABAseTcs JgeTHiil Makcumys Giomaccul (UTONIAHK-
TOHAa, cBA3aliblil ¢ MaccoBbLIM PaspHTHEM CHHC-3CJICHLIX Anabaenu
spp., Aphanizomenon [los-aquae, Gomphosphaeria spp., Nodularia
Spumigena, KOTopoe MNPOHCXOANT B YCJAOBHAX NPAKTHUCCKH MOJHOTO
HCTOULCINIS TNTATeNbHBIX COCANNeHHt B NOBEPXHOCTHOM CJoe MOps
nokpafine nnaknx 3unavennit ornowenns N:P. [Toswliwenuas konky-
pentocnocoGHOCTL cHite-3e/eHbX MomeT OulThL cBsizana ¢ HX BbICO-
KHM TeMIepaTyplbiM 1l CBETOBLING ONTHMYMOM, MOJOMNKHTEILHOIN naa-
BYUECTBIO 11 CHOCOGHOCTLIO (PIKCHPOBATL MOJeKyAsiplibiii aszor (Ng),
pactsopennslili B MOpcKoil Boje.

Paszsutne Aphanizomenon  f[los-aquae, Nodularia spumigena,
Anabaena spp. nepeaxo jocTuraer cTaiHW «lUBeTellis BOIALI», ©CO-
GeHlio MACTOrO B UENTpaALlLIX 1t 10ALX paitonax sopst. [Tpusinis n
MCXalN3M 3TOro sBACHHS H3yuwenu iHepoctatouiio. I wncay  ¢ax-
TOpoR, KotTopue cnocoberTpyloT ob6pasosannio oGWINPHLIX «nATeN ILBe-
Teinsis, otnoest [40, 98, 180, 186, 198): Buicokylo Temnepatypy
BOJALI, 3HaAUYCHIH l(OTOpOﬁ B 3TOT nepuon GAN3KI K roloBomMy Makrcil-
MyMy (cm. 1. 3.1); J0CTaTOYNO A/ HTEAbHBIE NPOMEKYTKH 1uTHAeBol
norojisl, GaaronpusSTCTBYIOWEe KonuenTpain  06.1a1a101N  ra30-
BLIMI BAKYOJSIMH KJETOK Ha NOBEepPXHOCTH Mops; oborautenie BoAbl
(ochaTamn, KoTopoe NPOHCXOJANT B NpHOpexHOil 30ue w111 B paii-
OHax anueJAJunron 1 cTuMyJupyer Guocnntesd pojopocacii, e nenul-
TLIBAIOLULNX lleflocTaTka B asoTe Ojaroaaps cnocoGuocTn K asoro-
Qurcawmr. «llaTna upetennsn» apasiores coocodpasusimM  GUOTONON
I MHOTOUNCAENIBIX OLNOKACTOUIBIX BOAOpOCAEi, npocTeiinx, Ko-
JOBPATOK, JNMINOK pagoobpasnuix 1 pulb, obbeannentux B cneiii-
(puuecknii GHOLENO3, KOTOPLIT B pesyibTaTe cpocii wn3neaenTennio-
cTit pecubMa Ouietpo praouaer Ny B GHOTHMCCKI KPYTOBOPOT Beule-
cra [186].

Tpanchopmanns Ny 8 poctyniuuie jaas apyriux siaenos cooGuie-
cTBa (popMul NPONCXOANT, XOT# i GoJee MeAJelNHo, 11 B TOM c.IViae,
KOrjla cline-3eaenble, COCTaBAAR  3NauYnTeLHYl0 o0 GloMaccsl
(hurtonaankTona, see ke ne obpa3yloT «nATen UBeTeHnsi». IJTo, no-
BIVLIMOMY, 1l HBJAETCA OAHOM 13 BaXICHIWIX NPUYI NOBCEMecTHOro
pospacranig nepsitinoil npoaysuni (a vacto 1 Gnomaccst), nponc-
XOMAULErO B YCJAOBHAX HEAOCTATKA PACTBOPCHHLIX cogeil azoTa.

[Moaannm aetom cymmaptias Giomacca (PUTONAANKTOHA HANOLNTCS
s npeaenax 10°%—10" r/m? [40] wan 102—10% mr/m® [170, 238, 239],
a Onomacca cuie-zeqelnx B UCHTPAJALHLIX 1 cepepuulx  paiionax
Baarnitekoro mopst, a taiike n Duiickom 3aa0me H3MensieTes Bonpe-
nesax 10—700 mr/m® [98]. B wone 1978 r. s Apkonckoil snanune
cymmapuas Gnomacca namensiiact, o1 21 no 86 mrC/m® non epennen
coctapanna 41 mrC/m%, torjia kak Gnomacca cuue-zeqaenuiy HIMels-



aacky v upeacaax 6—65 mrC/m® npn cpeanem anavenun 26 mrC/m®,
a octapuancs A0AH NPAKTHYCCKH NOJNOCTLIO COCTOANA H3 MIKPOBO-
aopocacit [127]). Conepsanne xaopoiina «a» n3MeHsercs ponpe-
acaay 10'—10% mr/m® [49, 127, 263] u ne npepulluaerT HECKOJIbKHX
ar/m? [59, 127, 220], a nepsuunas NpoAyKUHs HAXOAHTCS B OCHOB-
nosm © npeaeaax 400—1000 mrC/(m3-cyt) [59, 127, 149, 205, 220,
258, 263] nan 30—60 mrC/(m*-cyr) [127, 258).

K wonuy Jeta sapsiy ¢ CHHe-3eJieHbIMH H BHAAMH pannejeriero
KOMILIeKea B coctane (uUTOUENO3a NOABAAIOTCS TaKile Kpyhusie Ja-
tovosue kak Actinocyclus octonarius, Coscinodiscus granii, a B l0ro-
sanadnuy paftonax aunogaareanntu popa Ceratium [180, 208].

3apeplian KPaTRylo NapakTeplucTHRy JetHero  celona, Heo(xo-
ANMO OTMETHTL, HTO PACCMOTPENast CMella KBasupasiosecioro Mil-
HUAYALD HO3AHCACTHIN DA3BHTHEM CHIlE-3eNelbIX fBaseTes Hiaeai-
wponattioll cxemoit, GoJaee THINMION AN UEHTPAALIBLIX 11 cepeplbX
paitonos mops. B jomuux pailonax nepenxu cayuam, koraa «lapy-
HICHIST»  PABHOBCCHS, BU3BaNNLie Tofl win nnoit npuunioii, nepepa-
CTAI0T B HCCKOALKO OTHETANBO BLIICJASIOUWNXCH NHKOB Pa3BuTus -
ATOMOBUIN,  JUMIOAArEANHT,  CHUC-3eAeNbX WAL HanHONIanKTola
[180].

Ocenn, NePexol K KOTOPOIl HEe Tak OTHETJANBO BLIpaxell, Kak ne-
PUNOL 0T 3V K BECHE, 2 0T pnochcuteit K AeTy, Hauiiacres b cell-
Ta0pe—orTabpe. B 3707 nepuof NPoHCXOMNT cMmeila JeTHero coJo-
HOBATOBONONO  KOMIIEKCa  1a  Mopckoil  Gopeanbitblil, paspiuTHe
KOTOPUTO B PasaiuiLX pailoHax MOps HepeaKo NPHBOAHT K BO3HIIKHO-
BEILINO  OCCHILIO MakcuMyma GHomaccul, 1ie  CONPOBOMAAIOULErocH,
OANAKO, JaMETHLIM BO3pacTannem IIQDHINIIOH NPOAYKILHH.

Hactynaenne, XapaskTep npoTeskanis 1 NpOAOJMKNTENLIOCTL OCeH-
el hasw ynkunonuposanng  guTonaankTomiore  coobulecTna,
a Tarke nogoenne 1 abconloTHOR 3iadeliie IKCTPEMYMOB B 1po-
CTPANCTBCHHO-BpeMEHHONM  pacnupeneacuim €ro Gromaccol onpene-
JHIOTCH CAOKIBIM KOMIJIEKCOM pamouanpaanemiux IIPOU,ECCOB.
I gampelliona 13 wux OTHOCATCA: NEPRNUNAs NPOAYKUHS, TONLep-
misacMas kak suicsobomaeties Gnorenos B peayanTate JAeCTPyKiiy
OTMIPAOULIN, HO MCAJCHIO OCENAIoULIX KJAETOK Ccule-3caedblx Bojio-
pocacii, Tak 11 po3pacTalouliM noctynaeniem GHOrCHOB M3 IHDKINIX
CAOEH, CHIIANNLIM C HocTenelnnoi 3poaneil TEPMOKAHIA, BLIIOC Kje-
TOK BO10pocaeil 13 3onul (poTOCHNTEIA B pedyavTaTe X OCCAANINS Il
peacgacTone nepemeinpanis;  ecrecTnenias CMQ[)TIIUCTb, ycuianpaio-
Waacs N0 Mepe VAVIIeHus Ve1osiil KH3HeAeaTe LHOCTH BoJA0pOC-
ACi BLICAANNC 3000AaHKTOHOM, BCE CULe HMCIOWIM 3HAUNTENLIYIO
Guosaccy It Takme (peTepneBalouiM 8 370 BpeMst CMeHy BHAOBOFO
coctana (cy. 0. 4.5). PernonanpisiMi i MeXrofloBuMIE pasananami
B COOTHOIIEHIAX CKOPOCTeN 3THX npoueccos w obuicnsercs To, UTO
0 pasHue rofaw ocenii MDKL‘IIM)’M B OANNX I Tex ke pal'lonax MO-
ACT b0 HeNOCPeACTBEINO CACN0BATL 3a JIeTHUM UBETeHHeM cHiie-
e eHu Y, 6o HACTVIIATL nocae Hero ¢ NPoMeXYTROM, IOCTHraloulim
| —2 sec w npuxoantes Ha okTAGpL—uoabpu, An6o, b ocoGeHHOCTH
B CCBepHLIN pailonax, NPakTHIecK He NPOABAATLCH KAk  MakCHMYM
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[170, 238, 239]. Boawwyio poan HCpawT, B MACTIHOCTH,  YCH0BUH
nepemMelnpalys, Kortopoe, ¢ OJI.II()I"I CTOpOIL, obccneunpaeT npuToOK
GUOTCHHLIX JeMeNTOB N3 rayGuinbLX caoes, 10, ¢ APYroil — BLHocHT
KJACTKI Bojopocaeil 3a npeaeasl 3soTiyeckoli sounl. [lostony oco-
Geniro joaxiia 6aronpusiTcTBOBaThL PA3BUTHIO OCCHIIErD  LBETEH s
cMena Henoroasl la fICHYl0 M MaJoBeTPeHHYI0 Nnorojay ¢ oTHoCHTeaLho
NOBLILENHON  OCBELENoCTLIO 1t 0cAalJAeHIbING - HepeMeiBalien
[180].

B 1enom e na npoTsdenn OCeHH BCJAEACTBHE CHIKeHHs ocpe-
ULCHIOCTH H OXJAaXJIelis NOBEPXIOCTILX BOJ Bee Gonabluee 3naucuie
npioGpeTaloT neratipiibie (pakTopul — ocaalbaelne (oToCcHHTE3a, yBe-
JIHUCHIE ecTeCTBeloll CMepTIoCTH W HHTeHCH(IKALNN nepeMeipa-
iist. Tlostomy ocenniii Makcumym GloMacchl He TOALKO 3HAUNTEILHO
HiKe pecenilero, 110, Kak npasijio, HE NPeBLIAeT 11 ACTHHN 3nave-
Hitli, a NPOAYKLHA OKasuBaeTcsi Ha ypopHe JNeTHero  NpoMexyTou-
nHoro munnMyma. Bnoamacca JOXOANT 10 HECKOABLKNS — FpaMsm  noi
kBajpartieim Merpom uan 10'—10% mr/m? [9, 40, 170, 238, 239],
cojepxanne  xjaopodiia  «a» — A0 JICCATKOB MILLIACPayMyM  nol
kpaupatioim Merpom [263] wan 10-'—10% mr/M® [59), a nepsnunas
npoaysuns nocpeauenm ne npessinaer 200—500 mrC/(m?-cyT) [59,
149, 205, 2568, 263] nwan 10'—102 mrC/(m*-cyT) [258].

OCIIDﬂy OCeNHeEro naanKTona coctapiasior JOCTaToOvuHOo Kpynuuie
JUATOMOBLIC 11 AnnodaareaasTol, Menee TpeGopaTeiulinie K Temnepa-
TYPHBLIM H CBETOBLIM YyCJA0BH#M, chabee BLIe/laeMble  MEJKHM  300-
mankTonom 1, Gaaropaps cnocoGHOCTIE [1e]1aTh  BHYTPHKIETOMHBC
3anacel, Gosee yctoilunpble K Hamenenusim yeaosuii cpeas. Hapsaay
C BIAAMIL, TPHCYTCTBYIOULIMII B 3aMETHLIX KOJIMecTBax 11 Bechoil
WA Ha NnpoTaxennn ncero roaa, nanpumep, Chaefoceros danicus,
Thalassiosira baltica, Peridinium pellucium, paspusaotes  Buaul,
jocturapouine snavnteasnoil 6uomaccsl  ToALKo oceibio Actinocycles
ocfonarius, Coscinodiscus granif, a B 3anaauoii wactn  Baarnkn
kK num poGasasioten Ceratium spp., Prorocentrum —micans |180,
208].

Ocenp 3akanunsaetcst 3naunTegblibiM  yMenbwennen  Glomaccsl
(pHTONNAINKTONA BCACACTBHE IUTEHCHBIIONO OCCHHE-3HMHEr0 KONBEK-
THBHOTO  HEepEeMEwnnanis, KoTopoe paiibile HACTYIAeT la cepepe
MopsI.

3asepwasn onncaune cezounofl pamukn pHTONAANKTONA OTKPbLI-
TLX paitonos Bantukp kak 3jJcMeHTa  Neaarnyeckoil  IKoCHCTeMbl
MOPSI, NPEACTABAACTCSH UeNecoobpasibLIM  NOAMEPKHYTL  CJAEAYIONULHE
ocobennoetd, HeemoTps Ha pasnnyns B CPOKax HACTYNIEHUA 11 npo-
ACJUKNTEALIOCTH OCHOBHLIX OHOJOMIMECKIN  CC3010B, Nepedetb Macco-
BLIX BHAOB H NOCJACAOBATENLHOCTL, WX PA3IBITHA B PA3NNUNLIX pafionax
Mopst — of ApKonckolt  punaaniel Ao uentpaannoil  wactn dun-
CKOro 3annsa — no cyuiectsy oann n te ke [40, 180, 208].ones-
HOM  renepaauaauueil  ABAACTCA  OPCACTABACHIE O HPOXOKACHIIN
«ROJHLI® NOBLILLHEHHLIX l\'Olll[(’llT[)allllﬁ X.’IO[IO(T)]I.’I.']H «d» cneppacora
Ha cepep, a 3aTem ¢ cesepa Ha Jjor, KOTOPOe CBAZLIBAIOT €O BialM-
HBIM cOJHACHICM  BeCCHIIero 1 OCCHHETO MAKCIHMYMOB 1O Mepe Npo-
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‘YK 577.472 (26.04)
M.A.Banoge, C.B.TomcoHe ‘ :

PASBUTUE SUTOUIAHKTOHA DEHOQ YACTH
PUKCKOr0 3AJMBA B 3ABUCVMOCTH OT YCJOBMA
MUHEPAJIEHOT'O [MTAHMSA
MwHepanbHoe muTaHye ~ ONMH M3 MOMHWX (JaKTOpOB,
BIMADMMX H& pa3BTHe (MTOMNaHKTOHa B Mope. Ocofoe mecro B
MWHEPANEHOM [HMTAHWM 3AHMMADT CMOreHHHE SJeMEeHTH - a30T X
§ocdop, yuacTeyoUMe B HOCTPOEHAM KIXETOR W DEryasIM¥ BHYTDH-
XIETOYHOTO OfMeHa Bojopociefi /I4/. Momio eumemwrs gBa OcHOB-
HHX MyTH NOCTYNJIEHHs GHOrEHHHX DNEMEHTOB B BofoeM /9/:
* 1) "paccesHHwl” - B BROe NOKAA, CTOKOB C ce:mcxoxoanﬁc‘r- :
BEHHHX YTORMR ¥ W3 rOPOACKMX PaROHOB, nOMETa nao'mux
M NTHLD, ONABMKX NWCTBEB M T.A.; “
2) "Touew:ii™ ~ B BUIe KAHANUSAMMOMHLX M ITPOMLIITEHHHX
CTOKOB. :

OGoramenue BOAH GMOPEHHHMM ONEMEHTAMH MOKET NPUBECTH X
YCHEEHHOMY DOCTy BOLOpPOCJefl, K CHUXEHUD NOTPECHTENbCKOR meH-
HOCTH BOROeMa. B cBA3M ¢ 3TWM B HacTOsmee BpeMs 0COG0e BHMMA-
RHe yreldfercs M3YueHWD GOTPEGHOCTH (UTOILIEHKTOHE B ONPEfeNeH-
HOM ypOBHE GRMOI€HHHX 3JeMEeHTOB B BQLE B YCTEHOBAEHWMD BOIMOX~
HHX HOpPM NOCTYTLTEHNs OHOrEHHHX 3XeMeHTOB .B BofoeM /I, 3, 4,

7, 9, I3 u gp./. OnHaxo ycTaHOBIEHHE KPHTUYECKMX yPOBHeR
(MOreHHWMX 27eMEeHTOR 3aTPyAHAETCA BEMAY BO3MOEHOCTH NOTpeSEe-
HAA RaHHHX 3.2MEHTOB BOJOPOCIANK, YUMTHBAR PasHOoOOpas’He BoS-
MOXHLX MCTOUHWKOBR NOCTYIJIEHHA M WX Npeofpa3oBaHve B BORHOR
cpene /7/, a Taxme M3-3a HANHUMA CBA3HM Mexny ReflcTpveu Ouorem-
HX aMeMeHTOB Ha pasBuTHe BOAOpOcaeR M r'unpomunqecm pexu-
uoM Bogoema /I13/.

B c¢BA3K C aKTYaAbHOCTHD BOMPOCAE O TEHIEHIMM YBENHUGHHR
ofmeit TpogHocTu BarTufickoro mops /6/ MpakTHueckoe 3HayeHHe
TpuoGpeTanT paloTd, CBA3HHHE ¢ H3YUEHHEM MWHEPAIBLHOTO MMHMTa~ -
WA BanopocneR panHoro momoema /10, I7-21/. B HacrosmeRl pa~
GorTe sneprue efesana NOMMTKA OHEHUTh DPONb OCHOBHMX GHOrEHHMX



aneMmeHTOp - aszora W gocfopa - B PAIBHTHH MAAHKTOHHEX nqnopocu
nprpexHof 3oMn oxHOR wacTv Pumckoro sanuba.

Marepuan u MOTONHKA HCCAEBNOBAHHR }
i

HeenenosaHne BHNOBOrO cocTana, yMCNEHHOCTH, GHOMACCH
M [WICMEHTHOTO COCTABA (HTOMMAHKTOHA MPOBOAHAW € MapTa no je-
xabps [980 rona BO Bpews KOMILMEKCHHX OkcnefuuuR nadopa™opum
mopcko#t Guonorun Hueturyra Guoxorus AH JlareCCP, [po6w orOu-
paxn emeMmecAauHo Ha 8 cTAHIMAX NPUYPesoBON 30HH LXHON yacTH
Puxcroro samupa (pue, I) Ha wsoGare 0,5 u. Uncaemmocts

Pue. I. Cxema pacnojsoxeHus NyHKTOB Hal Mo eHHs
B NpuGpexHOR ‘90He OXHOA uacTH Puxckoro sanusa:

I - n.u. Surype; 2 - n.H, Paraumemci 3 - M.H. Maiopu;
4 - n.u. Juenyne; 5 - n.n. Bomnepani 6 - M.H. Jlayrasrpuea;
7 - n.H. Benaxn; 8 - n.u. laya.

G¥omaccy Bojopociefil onpefeAasd No o6menpuHATON METONMKE WCeXe-
noeadua maaHkToHa 75/, HomneHrpwposawne npo6 (o6vem - 1,0 a)
OCYMECTBAANA ¢ MOMOmBD METOAA (HABTPAUMH, NPUMEHAA MeMlpaH-
Hue ¢uabTpu "Cuxnop 3%. [am duMxcauMM nosryueHHoro MaTepuana
nenoxbaosand 40%-mufl gopmaryH, OSmee KOAKUECTPO KAETOK NAAHK-
TOMHWY BOROpochel ONpelefAntn MeTOLOM NMpAMOro cuerta. buomacey



Fnonxaun-rona BUUMCHANK NO O0beMy KAGTOK, MCXOAR W3 CXOACTBA WX
$opu ¢ onpenenenmMu reomeTpueckumu urypamu /12/. Kommuectso
Fx_.lopoqanma "a"™ MIMEDPANH CNeKTPOGOTOMETPHUECKWM MEeTONlOM M pac—
CUNTHBANK N0 ypapHeHWD, npefacxedHHomy patoueidl rpyrmoft BHECHO
/16/. Perucrpaumn cnexrpop npoponuan Ha "SPECORD UV VIS®,

Peayavrata u nx oGcymiexne

Banacu docdopa u azora B PumckoM sanure JopmupynTes
|B OCHOBHOM B 3ABHCHMOCTH OT BEJHUMHH PEUHOr0 BWHOCA BEmecTs,
| NHTEHCHBHOCTH CeJMMeHTalMM CHOreHOB cO BIREWEHHWMM YACTHIAMM
;u Anddysun MX B BOUHYD cpeny W3 JoHHux ocankor /I5/. [lo maw-
imm XMMWYECKOrO aHam3a BOJ PHXcKoro 3ammpa™, OCHOBHHM MCTOU-
HHKOM GHOT@HHHX DJEMEHTOB B BOJl@ ABNAGTCA PeuHOl CTOK. OTHM
00yCNOBNEHH NOBLMEHHHE KOHLEHTPAIMK OMOreHHHX BNEMEHTOB B
|mpHypeaonoft 3oHe OXHOH vacTH 3aMMBAa — OCOGEHHO B NPHYCTbeBHX
paftonax pek Jlayrasa u Juemyne (puc. 2). CpasHHTeNbHO BHCOKHM
|coflepxaHneNM MHHepanbHHX coefuHeHMl asoTa M focdopa XapaxTepu-
syeTca KoHel 3UMHEIO Ce30Ha (MapT), KOrjia KOHIEHTpAIMA HeOop-
reHMuecKoro asorTa B cpenHeM cocrasaser 1000 mxr/a, a ronueH-
rpama focdopa » 60% cayuaes npussmaer 30 wmxr/a. OnHako pH-
COKHe KOHLieHTpanuWu asoTa M (ocdopa B BOJe He BHIHBADT WHTEH-
CHBHOrO pa3suTHa (uTomMaHkToHa., OcHoBHOM npwumHoft sToro, Be-
POATHO, ABARETCA HudKas Temneparypa somw {or -0,1 mo 4+3,0°C),
B cBASW ¢ 9TMM, HeCcMOTpsA Ha BHCOKO® CONEepXaHWe GMOTeHHHX
BIeMEHTOB B BOJle, MaPT XapaKTepPU3yeTCA OTHOCHTENbHO HUIKMMH
noxasaTeNaM¥ [iPOAYKTHBHOCTH (MTOMAAHKTOHA: UYWCAEHHOCTb NIaHK-
ToHHEX BOfopochefl koneGnerca B npenenax 24000-475000 wa./n,
6nomacca - 0,0I-1,69 mr/n, comepxarve xnopofunna "a" - of
0,4 no 6,1 mxr/n, OgHako yxe B koHile GHOMOrHuecKoRt 3wMu
HafofaeTca CBA3b MEXIy HHTEHCHBHOCTBLD POCTA MNAHKTOHHHX
Boflopociel W coflepXaHKHeM HeOpPraHWuecKMX COeAMHeHMH as’oTa

X Conepranne MmuHepanbHuX dopum asoTa W focdopa onpesenana -
M, Hayu. COTP. IPYNITH MOPCKOA T'MADOXMMHK nabopaTopud MOpckofl
Guonoruu Hucturyra Guonorwm AH JlateCCP M,.C. Anxcue,
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[{doegopa » wopcrod pone. [loHuXeHHOMY cOfEpPXAHHD &30TA
780y~ 500 wmxr/a; N-NE, - [22 uxr/x) w gocgopa (P-FO, -
3 MXr/x) B BONE COOTBETCTEYDT CPABHATEABHO HERHCOKME GHO-
Macew naaskrontux sogopocedt - 0,01 wr/x (n.H. laya); nosu-
BeHKE COflepRalHA N-NO pno 100 wkr/x, F-NH, - po 750 wrr/x
I] 1’-1’0‘ - 10 98 mir/x Breuer sa coGoll ymenHueHwe GHoMaccs
Boscpocneft Ko I, 69 mr/n (n.u. Maftopu). B sminft nepuas HaGao-
NeeToA HEKOTOpaR AXTHBHIAUWA XH3HENeATeAbHOCTH BOAOpocAen
lpurnuecxoro KOMILIBKCA, SHMHHA (HTONAAHKTOH B OCHOBHOM Mpefi-
o‘l'a.a.uau XONONHO-BOAHEMH BHAAaMM - Achnanthes taeniata,
'ltlosira. arctica, Oonyaulax cntenata crnocOGHEMH NpH HAAHUNN
OCTATOUHOrO KONHYSETB . GHOPEHHHX DJIEMEHTOB B BOJG YCNOWHO
pasBMBATBCH B YCJNOBUAX HHAKON Teuneparypu BORM.
. BeceHHaAA BCNHMNEKSA pPAIBUTHA JUTONNAHKTOHA
» mpuSpexyoft 3oHe Puxckoro samipa HAGMOJAETCA B AMpene-Mas
(oM, pue. 2). Oromy crnocoGcTByNT MOBMWEHHe TEMNEPATYPH BOOM
or 2,1 no 11,8°C, ypenuueHwe MHTEHCHBHOCTH WHCOMALKH M BHCO=
KHe KOHLEHTPALMH GHOI'eHHHX DBJeMeHTOoB B fe. MakcuumanbHue
KOMMUECTBEeHHHE NOKAIATEAM PA3BUTHA GMTONNaHKTOHA (uMcheH=-
HocTh - 5976000 wn./n, Guomacca - 8,25 wr/a, conepxaHue
xnopoguana "a" - 33,0 mkr/a) oTMeueHW B nyHKTaX HaGIOAEHHA
dnrype, ‘Paraymenmc, Maftopu, Beuawu. Bo Bpema BeceHHelt Kyab-
MHHAUWHM PA3PHTHA (UTONAAHKTOHA NPOMCXOOHT yMeHblieHHe ofmero
KOJMyecTBa HeoprawMyeckoro gocopa W emmonwfiHoro asora, no-
TepH KOTOPWX B peaynbTare MOrJOWEHUA WX (MTONNAHKTOHOM M
oce\aHMA OTMepuMX BoAoOpocsell He NOKPHBADTCH NaXe YBeAHueHHHM
0MOreHHHMM CTOKOM ¢ MaTepuka., B To xe BpeMa KOHUEHTDALMH HHT-
paTHOr'0 W HUTPHTHOrO A30Ta' B ANpeje CHWRANTCA He3IHAuWTEeNbHO
(p n.H. Jmenyne, Maiopwu, [eyrasrpuea oTMeueHo cofeprarue
H-HO3 Gonee 1000 mxr/n) u GnuaKK K UX CONEPWAHMD B BOAE
B Mapre. Peskoe cHuXeHWe KOHLEHTpalM¥ AMMOHWHHOrO a30Ta NpH
NOYTH HEHIMEHHOM CONEPKAHHH OCTANbHHX GOPM HEOPraHWuecKoro
830TA YKASWBAET HA TO, YTO NpH HANHYMH B CPEAe PA3NMUHHX
HeOpr aHHUEeCKUX COENMHEHKWA a3CcTa NepBHM MOrJIOMAETCA A30T B
fopme amvoHuiHEX coenuHeHuit. [locne WHTEHCHBHOI'O McuspraHHA
SanacoOB BMMOHMHHOrO aj’oTa B anpene cJeXYeT pPeSKOe NaueHAe




oe
KOHUOHTDAUWN HNTPATHOTO B HHTPHTHOrO asora B Mae (ow. pHa. 2)
Jmue Ha yuacTre mexuy n.H. Boanepas u Kaflopn comepxanme Hurpa!
HOro asora ece eme ocraetca pHcokwM (Gonee 1000 wmxr/x).

B murepaTtype oT™eueHO0, YTO 3ABHCMMOCTb WHTEHCHEHOCTH
pocra BOnOpocaell OT y~ROBHA MWHEPANBHOr'O NMUTaHMA Gonea HarAmis
HO NMPOABARETCA B MEPHONH, COOTBETCTBYONME CESOHHWM BCILmMKAM
paseuTHa Bojopocael /3/. OTo MoATBERIMAOCE B MCCAGAOBAHMAX .
CE30HHOR NMHAMWKH PASBHTHA NPHPOIHNX cO06mEecTs (UTOMNAHKTOHA
npw6pexxofl 30HW oxHOM yacTH Pumckoro sammea (¢ mapra no ne-
xafpp I98C rona). HepamHomepHoe pacnpeneseHye GHOreHHHX 9S18-
MEHTOB MO AKBATOPHM DXHON yACTH JaTMBA BO BPEMA BECEHHero
MAKCHMyMa passuTHA Banopocnefl (anpenb-mafl) apnaeTca mpuuwHOR
GoAee HArJAROHHX pAsHUKR B WHTEHCHBHOCTH pocTa BOJAOpOCAEf,
‘uesm B 3MMHKR nepuon (mapr). BeceHHas accoipauua ¢MTOMNAHKTOHA
B mpuOpexHof 3oHe OXHOM uvacTH Pixckoro 3anmupa B OCHOBHOM op-
MHPYETCA M3 AMaTOMCBHX BomopocieR (94,5-99,9% or ofmero umcaa
KAETOK) , OTAMYADNMXIA OT APYTHX PPyTIN PUTOMAAHKTOHA NOBHINEH-
HuM ToTpeGreHMeM GHoreHHEX 9xeMeHToB B cpefe /3/. JoMEHRpDyOMHE-
MH BENEME PEceHHero ¢MTOmNaHkTOHA ABamoTcA Achnanthes teeniats
# Chastoceros wighamii. i

Ewoxorwueckoe xerToO XapakTepuayerca
Gonee HW3KWM cOOEepXaHWeM GHOI'@HHHX BJNEMEHTOB B BOJle MO cpaB-
HEHWD ¢ BeceHHWM nepwofoM. B moae-cenTafpe 1980 rona obmee
ROZHUECTRO MWHEpPANBHOrO asoTa cocTasnano B cpefHem 210,4 Mkr/x
W XAapAaXTepnaopanock MHpOkMM npenesom koneGawnft - ot 11,8
(p n.u. Svrype) no 946,3 wmxr/n (B n.h. Jwemyne). Conepmanue
)iHepansHoro gocdopa B ocHoBHCM He mpeswmano 10 mxr/x, OnHako
B OTHOWEHHMH WHTEHCHBHOCTH pOCTa IU18HKTOHHEX BOmopociaefl neTHHA
CE30H XAapaKTEpPH3YEeTCA BHCOKRMW NOKA3ATENAMA KOAHuUECTBEHHOI'O
paseuTHa PrTcnnakToHa (uncnenHoety - 17600-9855900 ra./x,
6uomacea - 0,02-6,27 mr/x, cogepraxne xnopopwina "a" -
0,B8-54,8 mir/x). B n.u. Jmenyne, Boanepaa, Jayrasrpusa m
Mays OTMEueHH I'OJOBHE MARCHMYMH PRSBATHA Bofopocred (cu.
prec. 2), lopumeHwo GnoMaccH (HTOMAAHETOHA B MPHYCTbEBHX
pafloHax, NOJABEPTrHYTHX CHALHOMY BJIWAHWD NpecHoro GuorenHoro
# GHOJIOPHUECKOro cTOKA, cnocobcTeyeT oforameHWe BHAOBOTO
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nokasarenu GuoreHHolt Harpysku (ocoGeHHo B oTHomerimu N-NH,,
XOHI@HTPALMA XOTOPOrO HA OTAENBHHX CTAHUMAX JocTurana 400 sa/x).
2 Coraacto 3.3.Tmmenxo /14/, ycnopua MHHeDanBHOrO NMUTAHUA
OKASNDADT BAMAHMO He TONBKO HA POCT UMCJIEHHOCTW M GHOMaccH
no.xiopocnen. HO W CHyXaT OfiHUM MS (JAaKTOpOB, ONpEeNeNmomMX BHIO0-
BOR cocTas (uTOnNAaHKTOHA. [lpn cHUXEeHWM KOHIEHTparMil GUOreHHWX
9NEMEHTOB B BOJe HOMMHMDYOUWMMH CTAHOBATCA BMIH, CNOcoOHHe Bf-
@KTHBHD HCINONL30BATh HH3KME KOHLIEHTPAIMH GHOreHHHX DJEeMEeHTOB,
Tax, B neTHeM {UTONNAHKTOHEe HapALy C JUATOMOBHMM BOJOPOCHAMM
:(40-100% or ofmeft Guomaceu) BETPEUADTCA MPEACTABMTENH NEPHLM-
HHEPHX, CHHO-3EJeHHX W 3eJeHHX Bojopocnefl. Yenewnoe paspuTHe
NBPUIHHNOBHX M CHHE-3ENeHHX BOJOpOcnel B YCNOBUAX NUMHTHDOBAH-
HOTO cofepaHMa GHOMEHHHX JJEeMEeHTOB B cpefe, BEPOATHO, ofbac—
HAETCA cnocoBHOCTHD cHHe-3eNieHHX BoAopociefl MKCHPOBATHL B30T
K3 BO3NyXa W Malol uyyBCTBHTENLHOCTHD OTNENbHNX BIIOB NEpPUIH-
HMEBHX BOJOpoCAel K OTCYTCTBMD ASOTA MPH HANUUWM B cDENe
MMKpO3NeMeHTOB M doedopa /I, 7/.

B ocentenm (oxTapb-fiexalph) QUTONNAHKTOHE MMPOJOJXANT
AOMHHUPOBATH JMATOMOBHE BOJOPOCHH, HO yXe MeHee MHTEHCHBHO,
ueM B BeceHHe-JeTHWA nepuoj,. YMcieHHOCTH PUTOMNAHRTOHA B
npuypesosofl aoHe oxHoR uacTH Pixcroro sammea konefnerca oT
8000 no 194000 xx./n, Guomacca - or 0,008 no 1,99 mr/x,
conepxaHne xaopojuana "a" - or I,I po 9,1 mrr/a. Ocenrmit
MAKXCHMYM DA3PUTHA BOLOpochel Ha GoabmuhcTee cramumd (or
n.u. durype mo Juenyne) maSmonaerca B Hospe (cM. pue. 2).
Omiaxo Ha yuacTke [Jlayrasrpusa-I'ays HauGonee pucokne GuoMaccs
{MTONNAHKTOHA OTMeueHH B fAexalpe. XmMHueckMe aHANWSH CBUOe-
TeNbCTBYOT O TECHON CBASM MeXAy CONepKaHMEM MUHEepPANBHOrO
as’0Ta B MOPCKOfl BONE M POCTOM ILUTEAHKTOHHHX BOJOpOcNeRt B mpH-
ypeaopo#t 3oHe Puxckoro aamusa oceHbn 1980 ropa. Harnamuo aTo
nmposABRAETCA Ha yuacTke Parammewmc-llvenyme, riie OTHOCHTENEHO
BHCOKOE ofiepXaHue IT-IIH4 1 III-HO3 B OKTAGpe-HosOpe MpPULOAMT
K WHTEHCHBHOMY PAIBUTHD TUIAHKTOHHHX Bomopocneft. [losumeHHoe
CcOlle[XaHHE MHHEPANBHOrO A30TA B Hoabpe-fekafpe Ha yuacTke
Jayrasrpupa-Tayn cONPOBORIAETCA MAKCHMYMOM PA3sBHTHR (HUTO-
IIaHKTOHA B KoHue GuonorkueckoR ocewu (oM. pue. 2).

F:oc'rana NPecHOBOHHMU BWIAMW BOJOPOCNEd M CPABHMTENLHO BHCOKHE
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CJWBT OTMETHTBE, UYTO B OTHCIIIBHMK‘ ONTHMANbHHX xouueu'rpa.r.iu]
asora W docopa, HeoOXQMUMHX ANA yCMEwHOro pocra pofiopocreft,
B JNMTEpATYPe BCTPEUADTCA BECHMA NPOTHBOpeuWBHe jaHHue. [lo wHes
o M, OyoHca /9/, ONTHMANBHWMA KOHLEHTDALIUAMM , odecneuﬂsanmuu!
MHTEHCHBHOE DA3BHTHE NpecHOPOAHNX Buaos sogopocnefl, creayer |
cuurats 100 mxr N/x w 20 mxr P/n. OxcnepuMeH1W ¢ MOHORMILOBHMY |
KyAbTYPAMH NHATOMOBHWX M NepWIHHMEBHX Ronopocned YepHoro mops g
/3, 4/ nokasanm, yTO ONTHMANbHHE KOHUEHTPAUMM a3oTa U docopa.
( ¥ << 100000 wmxr/n/, P< 10000 mxr/n) SHauMTesbHO MpeBLLIaOT
WX koHuenTpauun B Mope. Mo pamiun [.K. Aumkurolt /I/, Ananaso
ONTUMANBHNX KOHUEHTpauuil asoTa u ¢ocdopa, mpu koTopux ¢oTo- |
CHHTE3 MOPCKHX AuHoduiarennaT uuer ¢ HauGonbuell WHTEHCHBHOCTLD,
coorpercTeyer 200-800 wur ¥/n w 30-50 wmkr P/n, C.UYy /3/ cwum-
TAeT, yTo Huamefl koHueHTpaumell asorTa, HeoGxXofuMmoro AJA pad-
BUTHA JMaTOMOBHX Bogopociell, moxuo cuntark 80-800 wmxr /n,
OGobmas nuTepaTypHHE NaHHWE, MOXHO 3AKJOYMThb, YTO KOHLEHTpA-
MK MMHepanbHoro asotra U gocdopa, ycTaHOBAEHHHE B 3UMHE-PECEH-
HUA nepuon B npuypesopoh soHe omHOA yacTH Puxckoro samea,
ABAANTCA AOCTATOYHO BHCOKKMA JJIA 0GECNEUeHUA MHTEHCHBHOrO
paspuTHa BofopocsieR /I, 3, 9/, n nansHefwee oGoramenwe BOfH
GHOreHHHMM DJIEMEHTAMM MOXET MPWBECTH K YCHJIEHHOMY POCTY BO-
nLopocnefl, k noswmeHwo obmeft TpodHocTu samupa. OnHako, yro
KacaeTcA NeTHe-OCEeHHEero nepuola, a3oT ¥ ¢ocfop b 3To Bpema
ABNIADTCA JHMHTHPYDNWMA SNEMEHTAMH JINA PAIBHTHA (QUTOMAAHKTOHA,

KomuenTpanuu GuoreHHuX sJiemeHTOBR, GuoMaccH (MTOIIAHKTOHA
M KOAMuecTBO xJopofuana "a" B npHype3onofl 3oHe OXHOM uvacTH
Puxckoro sanvMea NosSBONANT OXAPAKTEPUIOBATb BOIN [AHHOTO pe-
THOHA KAk MedoTpofHo-3BTpOfHLE,

B paoTax no uayueHwn NpPoAyKuMOHHHX crocoGHocTeR (uTo-
rnaHkToHa Bantuitckoro wmops /6, 8/ oTmMeueHa TeMIeHIMA K yReJH-
ueHuo ofmell TPodHOCTH MOPR Naj, BAWAHWEM "ynoGpaomero sfexTa”,
Baxuum KpuTepueMm SBTpoduaaunu Bon npubpexol aoww Pumexoro
SAMMBA MOXET MOCHYXHTb AHANM3 PE3YyNbLTATOBR 7-JNETHUX HCCJE]0BA-
Hufl (1968-1971 rr.; 1978-1960 pr,)* GUTONNAHKTOHA AAHHOIO

* Hconenopanue pasBMTHA QUTONAAHKTOHA B_nepwon ¢ 1969
no 1979 rr. npopogunock cT. Hayu. corp. A.W.[lynsporofi.



91

arHoHa. 10 pesynbTaram W3YueHHA PASBHTHA BOCEHHErO JMTOMNBHK-
foHa mpuGpexHol BoHM DXHON uacTH PWKckoro samMea B TeueHme
[968-1971 rr., Ouomacca BOLOpPOCNEfl B CpefiHEM COCTABAAET

y53 ur/n /11/. Onmako secewnme cesoww 1979-1980 rr. xapax-
Fepnayn'rcn Cosee BHCOKWMM GHOMACCAMH JHUTOIIAHRTOHA, COCTABMAD-
mumy B cpentem 2,11 mr/n (radn. I). B TeueHue nocaeghux I2 xer
OTMEYEHO Takxe 60Jee WHTEHCHBHO® Pa3BHTHE NeTHe-O0CEeHHEro (¢UTO-
nraHkToHa. Cpennue nokaaaTenu GMoMaccH (UTONJAHKTOHA BO3POCTH:
xetod - or 0,1 no 4,0 mr/n, ocexso - or 0,07 go 0,7 wmr/n.
Ypenuuenne cpeiHwx nokasaTened KOJMUECTBEHHOr0 PA3BHTHA (UTO-
mnaHkToHAa B nepuon 1968-1981 rr. apameTcA NOKA3ATEALCTBOM
NOCTENEHHOr'0 NOBHWEHWA TPOJHOCTH BOJ, NpuOpexHON 30HH DXHOR
yacTH Puxckoro samuba.



HomeGaie Gmomaccs (Mr/z) ¢MTOMNEHKTOHA B OXHOR TaCTH

npudperHol aoHw Pymcxoro 3amves 3a mepwog [978-1980 rr.¥

Ta6xwna I

Bpems orGopa Kecto or6opa npo6
Tpos Swrype  Paramyemc Kafiopu Iwemyne Bonnepan Jsyresrprsa Bemaxw Tlays
I 2 3 4 5 6 7 8 9
1978. R - - - - - - - -
1979. O 1,12 0,02 0,06 0,05 0,08 0,005 0,22 0,007
1980. O 0,27 0,01 1,69 0,34 0,06 - 1,37 0,01
1978' Iy = - - - . - - - -
1979. 1y 1,46 2,11 0,52 0,14 0,43 1,75 1,72 0,05
1960. 1y 5,78 3,38 7,48 1,85 1,99 2,54 4,09 0,74
1978, ¥ - - - - - - - -
1979, ¥ I,63 0,42 1.8 0,44 1,%4 1,82 1,46 I,I2
1960. ¥ I.M4 2,25 2,49 2,9 0,62 1,60 §,25 0,67
1978. Y1 0.06 0,67 16,0 1,38 1,51 0,48 2.7 0,69
1979. Y1 - - - - - - - -
1980, ¥I [, 2,10 3,52 1,49 2,71 3,88 3,% 4,8
1978. yn 0,12 8,21 28,5 0,47 5,20 30,5 1,05 0,83 .
1979. yu - - - - - - - -
I960. VI 0,42 1.99 3.88 3,77 1,75 6.27 .92 5,71
8. ym o7 0,92 08 I3 1,04 1,73 0,8 = I.45
1979. yu - - - - - - - -
[980, Y 0,% 0,08. 1,14 0,85 1,3 0,61 2,87 0,66
1978, 1IX . 0,37 0,7 0,31 0,55 0,42 0,79 0.19 0.3
o9, 1X 3,57 0,55 0,004 0,38 0, 1,81 LIS -
1290. IX 0,18 0,07 0,43 0.3 0,29 0,0l 0,10 0,02
1978. X 0,3 0,II 0,03 0,07 0,14 0,16 0,08 0,59
1979, X 0,23 . 1,30 1,69 2,55 8,27 - 1,45 0-06
1980, X 0,17 0,14 0,30 0,39 0,37 0,16 0,06 y
1978, XI 0,33 0,45 0,28 0,39 0,35 0,46 0,07 ,50
1979, XI - 0,22 1,01 0,67 0,78 . 1,04 8,53 0,95
1980. XI 0,22 0,99 1,99 [,35 0,31 0,08 0,34 7
98, X1 0,40 0,69 2,81 2,43 0,04 0.04 - 0,21
1979. X1 0,31 0,31° 0,59 2,26 3,48 - - -
1980, X1 - 0,14 0,08 0,28 0,13 0,47 0,47 0,45

* Jlampe tpencTam;eHs cT. Hayu. COTP. A.A.Pysaporoft.
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YL 677.472 (26,04)
N.fl.Banone, C.B,Tomucoue

[MFMENTHH COCTAB dMTOIUIAHKTOHA
B NPHEPENHOR 30HE PUMCHOTO 3AJIMBA

~MAn XapaKTepMCTHKH (MIHOAOTHUBCKOrO COCTOAHHA M

nponyxiponHex cnocoSHocTell guronnankTona DanTuickoro mopa
B HACTOANNG BPEMA WHPOKO NPWMEHABTCA NMHIMEHTHHN eHAAM3 BORO-
pocned /I-3, 5, 8, 9 u ap./. C Touku apeHua (OTOCHHTETHUECKHX
nuruenton, BanTuflckoe Mope ABAAETCA XOPOWO MAyueHHHM BOJOEMOM
/1-6, B, 9/. O6mwpHue W peryngpinie WCCNELOBAHHA MHIMEHTHOrO
cocTapa pogopocref menyTca 4 B Puxckom samise nog pyxopopcr-
pou A.K.Dpxosckoro /6/, oliako 0 HACTORNEro BpeMeHH He M3y-
ueHHol ocTaerca nMpuypesopaa soHa Pumckoro sanuea.

B HacTonmed cTaTbe WanaranTca pesynbTaTH W3YueHWA coflep-
XAHHA DWTMEHTOB (MTONAAHKTOHA B NpuOpexHol aone Puxckoro sann
BA BO BpeMa BereTalMoHHoro nepuwoga 19680 ropa. s &

MaTepuan W MeTOIHKRA KCCAENOBAHWA

MaTepuan co6upanu Ha I6 cTAHUMAX NpHype3oBod SOHH
Puxckoro senpa B TeueHHe emeMecaumux dxcnenwuui (pue. I).
Conegmanne xaopoguansos "a", "b", "c" y JeonurmeHToR MIMepHAN
cnekTpodoToMeTPHUBCKHM METONOM. [Ipo6u QUABLTPOBANH uepes MeM-
Gpannue ¢uabTpu "Cunnop 3", nokputse cnoeu BaClO,. Perucrpa-
LMD CNeKTPos Nposofunad Ha "SPECORD UV VIS". Pacuer copepra-
HHA NMUIMEHTOB BHMOJHANW TI0 ypaBHeHWs;M, pexoMmenfopaHium DHECKO
/7/, Crpuknangom u MMapconom /10/. Jlna OLEHKA COCTORHMA M
[POJYKLHOHHHX cnocoGHocTel (HTOINANKTOHA MPHMEHANW METOR,
NHruenTHoro anamaa /5/.

Peaynabrata m ux olcywienne
/
[lpuypeaonan sona Puxckoro 3anMpa XapakTepuayeTcs
aHauKTensHofl npocTpaHcTBeHHO-BPEMCHHOR HIMeHuyuBoCTbD colepxa-
HWA MMIMEHTOB. llnporufl nuanasaoH koneGaHWA NMIMEHTHOrO COCTARS
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I. Pacnpemesenne xnopofesnoB "a", "b™ u "o" (Mrr/a) B
npaypesoBolf soHe CEOI'0 SEJIABA BO BPOMA BOI'GTALM-—
onnoro nepeona 1980 roma (cpennme maHHWe o mapra 0o
eradps): I - o.u. Komka; 2 - n.A. Poa; 3 - n.m,
epoparo; 4 - n.m, BBr'ipe; 5 - o.H. Pa emo; 6 -
n.H. Maflopa; 7 - o.n. Jeexyne; 8 - n.H. Loanepan;

9 - n.H. llayrasrpepa; I0 - n.H. Demams; II - n0.H.
Taya; 12 - n.u. Cryare; I3 - n.u. Tya; I4 - n.u, Ca-
aanrpusa; IS5 - m.u, firymu; I6 - o.m. ﬂnprrx.
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furonnanKTOHA 00ycHORNEH KONHUECTBEHHHM PA3BHTHEM, BHJ0BHM
COCTABOM M MPOAYKUMOHHWMU clloco0HoCcTAMM (uTonalikToHa, Bo
BpeMA BEreTAUMOHHOr0 MepHojla KOHUeHTpaMa Xaopofuana "a"
xonebaerca B npegenax 0,3-54,0, "b" - 0-30,6, "¢" -

0-25,5 wmur/n; deonurmerros - 0,3-29,4 mxr/x (radn, I).
Copepranne xaopojuana "a" noaponaeT OTHECTH BOAH NpHOpexHOA
80HH ©XHOA uacTH PuXcKOro aanMBa K KATErOpHH Me3oTpodHo-
asptpodimix nofi, HauGonee pucokwe koHueHTpayww xnopofuana "a" -
nUTMeHTa, 06YCNORMWBAVNEr0 YPOREHb NEPRHYHON NPOAYKUMH B Mope,
otveuyedH B DxHOM uacth Pumckoro sanuea (oM, pvo. 1, noysepI'vy
Tofl CHABHOMY BJMAHWD NpecHoro OuoreHHoro W GHONOIMYECKOro cro-
Ka,

YpeauueHue KOHUEHTpauMH Xaopodinsa “a™ B BOHAX cTHKA
PewHX W MOPCKHX BOJ, YKASWRADNEA HA POCT AKTWBHOCTH BOAO-
pocnefl, B OCHOBHOM CONPOBOKNAGTCA CHAKEHWEM CONCPRAHWA (eo-
nurMentos - npoaykrton pacnafna xopofuana (em. rada. 1),
HaiGonee nHaKwe KOHUEHTpPALMH (EOMHTMEHTOB NO OTHOMEHHD K
xxopodunny "a", ceufleTeAbCTBYONHE 00 MHTEHCHBHOM PA3BHTHH
pafopocaell, ormeuer B n.i. Jayrascpupa (39,4%%), Beuakw
(36,2%) u Caya (37,20),

MokaaaTenamn, XxapaxTepHayouumu (HIHONOTHUECKOE COCTORNHKE
W NPOAYKUMOHHHE CNOCOSHOCTH (MTOMNAHKTOHA, ABNADTCA TAKKE
COOTHOWEHWE MEeNIly KOHUEHTpaiuamu xaopoduinor "a" u "c"
("a":"c") n nurmentHER wnpexe - Nyqotlggs. Tomwuenve xon-
ueHTpauuu xaopoduana "a" y omioro noSepexby Puxckoro sanupa
CONMPOROXAAETCA YRENHUEHHEM CGOTHOWEHMA XAopoduanos "a" u "e”
(ce. taba. 1), MureenTHul WHaeKe ABARGTCA MeHEe HAI'MRIHEM
NoKasarexes NPOCTPAHCTEEHHON MOMEHUMBOCTH NPOAYKIHOHHUX cho-
codHocTeR guronaanktona (cu, Tatx, 1), _

Ce3oiiing AMHAMHKA NUFMEHTHOr® COCTABA (MTOMAAHKTOMA NpH-.
yreaopol aoww Mwmoxoro sanupa ofychoBieHa TPeXiIMKOBHM Paduk-
THEM MABHKTOHHWX Bojopociaefl B wXHOA yacTH Puxckoro aenupa,
JOCTHranmuM GOXee WA MeHee BHPAXEHIHX MAKCHMYMOR RecHOM,

® Cpentue nanHue B TeweHwe BEreTALMOHHOIO neproja.,
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CocTas murueHToB B NpHSpemHofi 3ome Pumcxoro 3mmea B 1980 rony

Kecro Mecm Xoopodwuza, Xropogunn "a" o Xaovoduin "a” Seomr- DrueHT-

/

oT6opa Mk /1 % xnopoduan ' 7 Xaopogmun "¢’ e MeHTH, Huft
po6 nat e men ; % mHIexe

I 2 3‘ 4 & 7 8 9

doaxka O 4,1 0,8 2,5 85,4 1,6 45,7 3,6

y 17,5 3,4 9,0 58,5 1,9 39,6 2.8

¥y 4,2 0,5 1.1 72,4 3,8 65,7 2,8

yI 0.9 0,2 0,9 45,0 1.0 41,5- 2.8

ya 1,3 0,2 0,9 4,2 I.4 0,1 2,5

) X .0,8 0,2 0,8 44,4 1,0 62,0 2.5

X1 1,4 0,4 0,7 %,0 2,0 37,5 2,3

X1 23 0,6 1.4 53,5 1.6 51,8 - 3,1

Pox . O 0,5 0,5 0.9 26,3 0,6 77,8 3.6

Iy 16,3 2,810,3 55,4 1,6 42,7 3,0

y 3,9 0,6 1.3 67,2 3,0 47,4 3,0

Y1 6,5 0,9 2,3 67,0 2,8 38,7 2,5

yi 1.2 C,4 1.4 40,0 0,9 37,3 2,7

Y 0,9 0.2 0.7 50,0 1.3 40,5 2,4

X 1,2 0,4 0,9 48,0 1,3 49,3 2,1
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I 2 3 4 5 6 7 8 9
X 0,9 0,3 1,0 40,9 0,9 53,6 2,7
X1 1,3 0,2 0,4 68,4 3,3 5,5 3,1
xm 4,6 0,8 2,1 61,3 2,2 5,9 2,9
Yepepare g 0,7 0,6 1,0 30,4 0,7 65,1 4,7
Y 3.3 0,4 0,9 71,7 3,7 64,8 3,7
YI 58 0,6 I,9 89,9 3,1 40,7 2,6
YT 0,3 0 0,2 £0,0 1.5 95,9 3,0
o o1,1 0,5 1,2 42,3 0,9 73,8 3,2
IX 20 0,3 I.4 - 54,1 1,4 55,6 2,3
I 1,0 0 0,4 71,4 2.5 62,6 3,2
I 26 0,4 1,8 54,2 1.4 40,3 2,9
I 1,2 0,3 1,0 48,0 1,2 49,1 4,5
Sype T 50 I,2 0,6 73,5 8,3 62,1 4,1
I¥ 18,8 4,5 8,7 58,8 2,3 29,8 2,7
¥ 72 L2 25 66,1 2,9 50,4 2,9
¥ 7,7 0,3 3,2 68,8 2,4 36,5 2,4
m Q8 0,5 2,1 2,5 0,4 41,8 4,1
mw 1,10 6,7 61,1 1,6 8,9 1,7
IX 2,1 0,6 2,1 43,8 1,0 49,3 2,2
X 4,2 1,7 2.7 45,8 1,6 - 32,3 1.9
_ XI -80 T8 I & - --iL TO_B 5.0 PRl -~ 1 N 2
emewc T 11 1.0 0 - 52,4 ' 48,7 3
] » * - [} '4
Iy 28,3 4,9 10,6 64,6 2.7 24,0 2,5
¥ 13,4 2,6 3,9 67,3 3,4 31,6 2,6
I 2,0 0,4 1,3 5,1 1,5 32,4 2,5
I 25 0,9 2,3 43,9 1,1 43,1 1,7
Vi 12,3 16,1 25,5 22,8 0,5 65,5 1.0
X 20 0,7 1,2 51,3 1,7 44,5 2.4
I 26 0,8. 26 43,3 1,0 51,0, 3,1
ehoge I 5,6 0,6 23 65,9 2,4 33,5 2,5
¢ 61 1,0 2,9 - 61,0 2,1 47,2 3,0
W 24 a8 7,7 68,7 3,6 28,7 2,7
Y 24,0 4,4 70 67,8 3,4 37,4 2,6
I 28,6 3,6 10,2 67,5 2,8 22,8 2,3
T 14,2 24 5,0 65,7 2,8 44,9 1.5
T 15,6 3,6 3,1 65,9 5,0 44,6 2,0
xx 3,6 1,9 3,0 42,4 1.2 4.2 1.6
I 91 1,5 2.4 w,0 . 3,8 41,5 2,9
O 1,1 o3 10 - 45,8 LI 59,3 3,6

61}
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AGTOM W OCEHED, H NBYXMHKOLLM — B OcTanbHOH uacTH sasnuea, A0
PAOUHM MAKCHMYMOB BecHON W ocelbn. Beceinna scmanka paaau‘ruu'"-‘
MAAHKTOHA, JOCTHIANMEr0 MAKCHMYMA B KOHI® Aalipeif - Hauane u“
CONPOROKIABTCA BHCOKHMH KOHUEHTPAIMAMH Xaopoduana "a" w ey
coneprannem goonurmentos (e, rtadn. I). B oTo npema B Goabue
yacTH npuGpemioft soliu sanupa comepwaine xaopofunna "a" Aomh
raetT roponoro Makcumyma. [hcokoe copepxaHue Xiopodiana g, ';
BO BpElA BECEHHEr0 MaKCHMyMa PadBHTHA BoJopociell conpoRoviA«
ETCA BHCOKMMH TIOKASATENAMH COOTHOMEHWA Xaopofuanor "a" W "o.g
(1,6-5,4), uro yKaswpaer HA YCHAMBAOMYOCA JOTOCHHTETHUECKYD, '.
axTupiocTh Bofopocnefl (ew. Tadn. 1), .

[uruereriiaft anaana UTONAAHKTONA HAPARIHO OTPAXKAAT M
AETHOD AKTHOHOAIMK BOAOpOCNeR b MpuGpemiofl 30He OXHOA uactH. |
Puxcroro sammsa (em. Tada, I), rae nnrexcupiomy PasBUTHR
BoAcpocaef cnocoGcTRYET BANAHWE MpecHosqiHoro CHOreHHOro M
GHONOrHUECKOro cTOkA - o6orameliHe BHNOBOIO COCTARA JHTO- !
ILIAHKTOHA MPEecHOBONKHMH BHIAMY BOAOpocAel, HOCTHrADIMX MAK- i
CHMyMa DAIBHTEA NETOM, W ofecneyenie qUTONNAHKTOHA BIEMEHTaMH'
MHlepanbioro ndTanua, WirelicHpitf poeT nABHKTONHNX no,uopoc.neﬂ’
BO BPEMA NETHEr0 cesoHa o0ychOBAMBABT BHCOKHE KOHLGHTpAIHH hll
xnopodunna "a”, NOCTHrannero MaxcHMyMa PasBHTHA B M. H. boma-
paa - 54,8 mu-/.n. JéThnR ceaon xapaxrepusyeTcA BOSpPACTAHHEM
pomu xnopodmana "b", ykasubaomuM NHa HhiHuue Bomopocned rpynm
Chlorophyta.  HauGonee Bucokua KoHeHTpanuu xaopofuina "a" " |
oocranimoime okono JCF or odmero conepxantn xiopolimra, b
ormewems B n.H. Loxnepas (30,6 wkr/a - » wane), ParauMeno =7
(16,1 wkr/an - B aBrycre) u Cryare (LO,4 nwr/n - B wons), On-
HAKO &HANM3 RHJOROIO coOcTaBA (MTONNAHKTOHA HE NOATBEpAMN TOrO
uTo aenamﬁm BOJLOPOCAH COCTABAADT 3HAYHTEABHYD UYACTL MACCH
AeTiiero cooluecTsa JUTONNEHKTOHA. DMomacca senenwx Bomopocael
B yKA3AHHUX NyHKTaX Hal)mueHus cocTasnaet mump 0,001-0,03 wr/s
(0,1-2,9% or ofmeR Gnomaccu furonxanxrtona), [puunHOR PHCOROrS
conepxaiffa xxopoduana “b", BEPOATHO, ABAABTCA NMPUCYTCTBHO
B npnOpexnoR aoHe Puxckoro sanwea BHAUMTENBIMX KOAHUECTB
MAAKHX XIYTHKOBHX, CNOCOOHHX B NOTHUE MECALN MHTEHCHBHO
PA3BWBATLCA W COCTABJATL 3HAYMTAXbLHWE OHOMAOCH ~ W cpefHeM
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.(0,04-0,43 ar/n).

‘ cpaaualmn ¢ Becenell Berumiod padBHTHA BOfOpOCAEl
el ‘= B DXHOA yacTH Sanupa), OCEHHWA MAKCHMYM PASBHTHA
.Bﬂ Bupaxed meHee uertro. Homuentpaima xnopoqunna a"
il u ‘Gnonoruuackol ocenn (¢ oxTadpa no peraGps) 'Kone6-

A 0,8 1o 9,7 Mkr/a. B nurmenTHoM MaTepHane oceHHero
_ AHKTOHA OTMEUOHN MOBHUEHHH® KOHUEHTPALMK eonurMenTos.,
auGonee Huakoe cofepranne xnopofumra "a” (0,5-G,1

1/ faunwleuo B KOHIl@ BMMHErO CEB0HA, KOI[A KOMWUECTBeHHH
uiu-tsemmn cocTaR (JMTOIIAHKTOHA GefleH, ~3umiufl cesoH

N 'e.qoaauun NpPOBOfMAM B M&PTE) XapaKTePH3YeTCA Talxe ype-
P! nen NUTMEHTHOr 0 mmeuca (3,0-5,0) u cHuxeHueM cooTHOmME-
gopo(]liuon a" u "c", yTo yHaswpaeT Ha 3ATYXAHWE npouec-
aIBUTHA honopocaan M cHUXeHWe NponykiHoHHEX cnocoGHocTell |
MxankTOHE.
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r'h 21, eun, 4, c. 6685-689,

Rodaeuu—ldumue 0.1., onosanon B,B, Hepumnmn NpOJLY KM A
ta ‘xaopoduan B Bantuiickon Mope neTow 1976 r, - B 1.
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pun, 1I, c. 31-46.

% 1o namun 9.E,Bofikosoft.
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0.E.Bolikora

JULAHKTOHHHE WHQY30PHH
XHON YACTH PHECKOIO 3AJMBA

Puxoxufl saxMp BCABACTBHE MENABHHOrO BojgoofueHa M
BHAUMTENLHOrO cTOKA peK o6pasyer cBoeoSpadHyD DKOCHCTeMy, rae
0006EHHO APKO NPOXORAT MPOLECCH CAMOOUWNMEHWA PeK OT OpraHH-
\eckuX M Jipyrux oTXon0B. Jlo MOCAGAHErO BPEMEHH CUMTANACH, uTO
WMEHHO MMEpOGHONOrHueck'® npousccH ornpanessor "cnocobiocTs”
oro wan Npyroro mofjoema k camoouvmeHun., OnHako MasecTo, uTo
b bTHX npopieccax AKTHDHO® YUACTWO NpHHHMADT Taxxe W npoctef-
EH6, MWHOPANWBYR OPraHWUBCKWE BemecTBA,

{ B naHdol patoTe WINOKEHW 1.8PBLC PESYAbTATH HCCABAOBAHHA
NpoTO30AHOrO NAUNKTOHA, KOTOpHE GWAW HAUATH B 1976-1977 rr.

b mioA uacty Pumckoro sanmpa /1/ ¢ LenbD NOAYUeHHA NpeACTAB-
;eﬂun 0 PA3BMTHH HHPYBOpHA B Teusilne BereTALMOHHON'O ceaoHa,

0 NAOTHOCTH M CHOMACCE OUHOKAETOWMHX, O PopMHpOBAHHH KayecTBOH-
HOrO cOcTaBA MHKPOMIAHKTOHA.

MaTepuan ¥ MeTOLMKA HCCAGLOBAHHA

C6op maTepiana MPOBOAHAM ¢ WOHA NO OKTAGPL 1976 ropa
M B KOHUE Maa - woHe 1977 ropa Ha 14 cTaliMAX, PacNOAOKEHIHX
# oxHOM vacTH Puxekoro sanusa, 3a nepHon WocAERORAHWA OGuaw
ofpatorany 53 nnankTOHHHE Npolu, BIATHE ¢ Nomomby GATLMBTpA
Ha ropuaokire 0-0,5 M ¢ Gopra cyina. O6tew npo6 BapbHposa OT
1,0 ao 3,0 n. KommuecTseHnud nopcuer uHGy3OpMR NpoBOAMAH,
NPHMEHAR METOJIMKY CryWEBHHWA A0 ONMPENEeASHHOr0 o6bema Hal Memspali-
HiM uabTpom "Cunmop™ ¥ 2. Bugu WHPysopuR onpefefamd Ha KABOM
uaTepHane, ANA BWABNEHWA GOPMH AAPA LMAMAT NPHMEHANH. PEAKI(HH
Ha JHK (peatawmn denvrena), Ha JIHK w FH{ (peaxuma ¢ rennonnanw-
o) W BHTasbHHe kpacHTenH. Posw Buga B GHopeHose onpenenamM
0 NoMOmBD MHAeKca JOMHHAHTHOoTH /2/. JMIA ycTaHOBNEHWA CHcTeMa-
THYOCKON NPHHANNENIOCTH uumm'r HCMONBBOBANH DAL HCTOWHWKOR

/3. 5-7/.
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APPLICATION OF PLANKTONIC ALGAE OF THE BALTIC SEA IN TOXICITY
BIOASSAYS OF WASTE WATERS CONTAMINATZD WITH HEAVY METALS

M. Balode

Institute of Biology of the Latvian SSR

Academy of Sciences, USSR

Chemical analysis of contaminated waste water does not allow a
real estimation of i%s danger to the environment /3/. Taking into
consideration the difficultiss of chemical methods only about 0.3
per cent of above 1l0ooo stuffs getting into water basins can dbe
checked by chemical analysis /5/. Therefore along with the chemical
analysis bioassay of waters is necessary to find out the biologically
dangerous impact of natural 2nd waste waters, to increase the effi-
ciency of control on water quality. In spite of the great number of
Bethods developed by now majority of them cannot be recommended for
a wide practical use wnile they do not correspond the demands of
bioassay, envisaging quantitative calculations and statistical treat-
ment of test results, their comparability and significance /£/.

In freshwater toxicology ichthyotoxicological tests are widely
used which are successfully applied in practice /4/; However these
tests are not good for bioassay of waste waver to be discharged into
the sea while keeping of marine fish under laboratory conditions is
a very difficult task. Thus the test-objects in biocassay of waste
water should be as sensitive but easier cultivated and smaller or-
ganisms - planktcric algae, crustaceans, protozoans /7/. Therefore
Darine unicellulars are of great irterest.

The aim of the given work was to find out the possible use of
marine phycoplankton for bioassay of waste water wita increased level
of heavy metals such as from metsl-processing, metallurgical, machine-

building, ckhemical and other industries.



-227-

Bioassay was done on electroplating wasbe waters containing ions of
Ni, Cu, Zn (alkaline-acid waste). Toxlcity was estimated withim the
concentrations of O.1 to 50 per cent. Altogether three experimental
series were performed (Table 1)= 1) at a relatively low level of
metals, 2) at high level of metals, 3) at the presence of cyanides.
Bioassay was done before and after the neutralization to state the
purification of waste water. Monosultures of 3 algal species widely
distributed in the Baltic plankton were used as test objects:
Chaetoceros wighamii, Thalassiosira baltica, Coscinodiscus granii.
Toxicity was estimated according to growth intensity and photosyn-
thetic activity of algae. The assimilation of carbon was estimated
by toxicological modification of radiocarbom method /&/.

High sensitivity of the Baltic plankton algae to the presence of
heavy metals /1, 2, 7, 5, 10, 12/ led to the idea to use the most
Sensitive representatives of phytocenosis as test objects in bio-
assay of waste water containing heavy metal compounds, such as the
¢lectroplating waste water which conTewu— _ nuwber of metals (copper,
pickel, cadmium, zinc, lead, chromium) and together with cyanides,
acids and alkali has a high toxicity. Previous experiments with do-
Dinating Baltic algal species (Table 2) showed that the smallest
algae (Chaetoceros wighamii, Thalassiosira nana, Sceletonema costatum)
"ere most susceptible to the impact of separate heavy metals. Con-
¢érning the volume these algae are characterized by a large specific
Surface thus promoting the biosorption of toxicants /7/. This was
Jfoved by experiments tﬁe aim of which was to find differences in
“9Xic resigtence of 3 algal species under the impact of waste water
‘Cutaining heavy metals. According to Fig.l the highest susceptibility
¢ the toxicant was shown by the smallest algae Chaetoceros wighamii

i)

““543718 per cent) and the lowest - by the large algae Coscinodiscus

-~anji (3050:45 ner Cent). Because of the hlgb. Susceptibility of
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Chaetoceros wighamii they were chosen as tes® objects lcr further
investigation of the waste water toxicivy.

Experiments on ‘waste waters with relatively low level of metals
showed that the inhibitive effect of toxicants was displayed begin-
ning with 10 per cent concentration. Under this impact after a 24 h
exposure a decrease in cell number was marked and in relative
assimilation of carbon by 28 and 34 per cent, respectively, as to
the control. At higher concentrations of waste water a gradual de-
cline in cell nucbtzr occurred and in the photosynthetic activity
of algae (Fig.2). The value ECBO determined by lowered gréwth in-
tensity of algze ccrresponded the 15 per cent concentratvion of
wastes. At 25 per cent concentration the growth intensity and the
photosynthetic activity of algae was falling by 7?7 per cnet and
92 per cmet, respectively, as to the control. To lower the toxdicity
13-fold dilution of waste water is needed. ter neutralization of
waste water its toxicity is falling - the inhibitive effect is
marked at the concentrations above 25 per cent. After neutralizavion
EC5O increases more than twice.

From the two funcvional features of algal condition used by us
in the bioassay of waste water, the photosynthe tic activity of
algae was the most susceptible. However, in Chaetoceros wighamii
no significant difference was found in the susceptibility of test
functions - the growth intensity and the photosynthetic activity.
Possibly, 1t can uwe ..plained by a high reproduction rate of this
algae (2-3 times a day). This allows to judge aboul une real posSi-
bility to use ouantitative dynamics of cells as indicator of the
inhipitive effect of toxicants iz algae with high rep-oduction rate.

The toxicity of waste water varies depending on the time of impact

Inhibiting effect of limit concentrations of wastes (causing a de-
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crease in growth rate of cells bellow 50 per cent in comparison with
the control) decreases if they act longer. That, (oObviously, can be
explained by increased response activity of the environment (pH =
8.2-9,8 ) resulting in metal absorption, formation of complex com-—
pounds and metal sediu;entation. At the sam;e time the impact of toxic
wastes (causing a decrease in growth rate of algae above 50 per cent
in comparison with the control) increases, that can be explained by
the 1limit of algae to resist the inhibiting effect of toxicants,

When the leval of metals in waste water is relatively high their
toed city increases considerably (Fig.3). Inhibiting impact of waste
%ater is stated even at a 49-fold dilution. 3.5 and 2_4 per cent
concentrations cause a corresponding decrease in cell number and the
photosynthetic activity of algae by SO per cent as to the control
(Fig.3). After neutralization toxicity of wastes falls twice.

Waste water with high levels of metals and the presence of cyani-
des demonstrated a considerably higher toxicity in comparison with
that of the II experimental series (Fig.4). The presence of cyanides
Caused a great fall in EC5O ~ to the 0.5 per cent (estimated accord-
ing to the algal growth rate) and0.47 per cent concentration of
7astes (according to carbon assimilation).

In order to find the impact of fresh water inflow (at
‘Dle.ndj_ng of marine and fresh waste waters) on the development of
darine algae simultaneously with the waste water experiemnt an expe-
“lasntal series was carried out by adding distilled water to the
2133l medium. According to our results at 25 per cent waste comcen—
"ration a decrease in Salinity of the Goldberg's nutrient medium was
“bserved from 5.5 to 4,3°/00, aad at S5 per cent waste concentration

| 4

=% salinity falls to 2.5°/00. It is known that such considerable
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fluctuations in salinity have a negative effect on the development o:
Chaetoceros wighamii, A fall in cell numbers of the given algae star
when marine water is dilluted by distilled water by 1.9 times, 4 doul
d}lution of marine water resulting in salinity fall to 2.50/0 is ac-
companied by the inhibition of algal growth rate by 80 per cent.The
biological effect caused by changes in water sallinity is equivalent
tp that caused by the waste water toxicity., According to Kell /1i/
2.5°/00 correspond the lowest level of salinity necessary for Chaeto-
ceros wighamii'development.

Changes in pH values caused by the inflow of alkaline electro-
plating waste water after its neutralization (pH9.8-10.2) is evi-
dently the reason for inhibited growth rate and photosynthetic ac-
tivity of algae, Thus, e.,&. at 55 per cent waste water concantration,
with pH being IO.2,the active response of Goldberg's medium grows
from 8,2 to 9.8.

The results obtained prove the high susceptibility of unicellu-
lar algae in the Baltic Sea to the changes in chemica; composition
of waste waters (pH, salinity, level of heavy metals), Taking into
coneideration the ecological importance, the vast distribution ard
high susceptibility to heavy metals the marine unicellular algae
can be successfully applied in bioassay of marine or waste waters
intended to be directly let into the sea, In the experimeants consi-
derable differences in the specific resistance of algae were found
out at the presence of waBte water containing heavy metals.
Chaetoceros wighamii was less tolerant to the impact of the investi-

gated waste water. Its correspondence to the character of a test
object (high susceptibility to toxicity, large amount and vast
distribution, high reproductior rate, easy to be cultivated under

laboratory conditions) allows to apply this algal Species for the
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industrial control of waste water toxicity at different stages of
its treatment, for stating deviations in technological process or

treatment devices, for stating efficiency of waste water treatment.
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Table I

Aotive response of emviromment and the level of.heavy metals in

waste water during experiments

Oonoentration of metals , mg/l

Experimental pH
aaeries Cu Ni Zn
before after before after before after before after
neutra- nsutra-~ neutra- neutra- neutra- neutra- neutra-~ neutra-
liza- lizga- liza- liga- liza- liza- liga- - liza-
tion tion tion tion tion tion tion tion
I at low 6,2 10,2 I,1 0,6 2,0 0 0 0
level of
metals
II at high 6,4 10,2 6,2 3,8 4,6 0 I,5 0
level of
metala
III with 6,0 9,8 6,4 4,0 4,4 0 1,6 0
clanides
resent

CB=3,5mg/1)

-peT-
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Table 2

X
EC50 (frg/l) of some heavy metals for

8 algal specles of the Baltic Sea

Cell Toxicant
Species XX
volume b ca Ca Hg
Coscinodiscus granii 570000(E) >I000 9I2 1259 347
linophysis baltica 20000(K) >I000 - - >I00
Gonyaulax catenata IO400(E) =~ >I00 254 -
Thalasmsiosmira baltica I0000-  >I00O >I00 159 2100
I8000(K)
Diatoma elongatum 2000(K) 230 74 254 91
Sceletonema costatun 77~ 100 - I32 I0
850(E)
Thalassiosira nana 40(K) S0 32 63 25
Chastoceros wighamij I65~- 95 28 20 9
6300(E)

X) ¥Ccy determined according to changes in growth intensity

5 : _
) A¢cording to referenmces: (E)~ Edler L,, cited by Kell V, /I2/;
(K)= Kell Vv, /12/
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Fig. 1. Variability in cell number (% of the control) in three species of Baltic
algae under the impact of waste water contaminated by heavy metals
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of the
control,®
Before neutralization
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of the
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Fig. 2. Impact of waste water with a relatively low level
of metals (I seriss of experiments} on the number
of cells (I) and the intensity of photosynthesis (2]

in Chaetoceros wighamii (24 h exposure).
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Fig. 3. Impact of waste water with high level of metals
(II series of experiments) con the number of cells (I)
and the intensity of photosynthesis (2) in Chaetoceros
wighamii {24 h exposure).
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M. A.Banogne
Hucruryr 6uonozuu AH JlareCCP, Canacnunc

CTPYKTYPHLIE U OYHKIIMOHAJIbHBIE U3BMEHEHUA
MOPCKOI'O ®UTOIIJIAHKTOHA

TP HTHTOKCUKAIITMH BOOOPOCJIEN
COEIUHEHNAMU TSKEJBIX METAJIJIOB

Hayyena peakims IIaHK TOHHBIX BOZOpOCcied BanTuitckoro Mopsa Ha BO3JeHCTBHE
CBMHNA, KaOMHA, MEOR U PTYTH, a TAK)KE CTOTHBIX BOJ MeTanoobpabaTeIBatolleH
NPOMBILDIEHHOCTH. BhlsABNEHbI 3HAUMTENbHBIE Pa3niHuMA B 3bdexTHBHOCTH GHOTIO-
THIeCKOro AeACTBHSA IKBUBAIEHTHBIX J03 HClemyemsrx MeTarnioB. Ilytem cono-
CTaBIIeHUA [MaNa3OHORB JIOPOrOBLIX H TOKCHYECKHX I GHTOMIAHKTOHA Banrtui-
CKOrO MOpsA KOHUEHTpAUMH MCCIEAYEMBIX METAJINOB C PEaNbHO CYUIECTBYIOIHHM
COOepxaHHeM METAUIOB B DanTHACKOM MOpe, CleNaHbl BRBOALI O BO3MOXHBIX
H3IMEHEHMAX ypPOBHA IlepBHYHOIO NpPONYLIMPOBAHMA OPraHHYeCKOro BEUIECTBA H
IepecTpodKax GHUTOUEHO3OB B NMpHOpPexHbIX, HOnee 3ar pA3HEHHbIX Bogax Banru-
KH. BriaBrieHa 3aBHCHMMOCTb TOKcH4eckoro 3ddekra Or pAma abHOTHYECKHX H
OHOTHYeckHX $aKTOpPOB cpembl, UTO OApeReNnseT HeOGXOMMMOCTE IPH YCTaHOBME-
HIH MHrHOMpYIOWEro OeACTBHA METAUIOB YUHTIbIBaTh IKOIOrHYeCKHe ocobennoc-
TH M3y4yaeMOro Bogoema. YCraHoBIeHa 06paTHMOCTh MHTOKCHKALUKH BONOpOCer
NpU KPaTKOBpEeMEHHOM OeHCTBHM 10 POroBBIX KOHUEHTPAIMH TAXENBIX MET2/UIOB.
ToxcestkopesucTeHTHOCTh TIAHKTOHHBIX BOIOPOCIEA B 3HAUHTENLHOMN Mepe oByc-
NOBNeHa PUIMONOIHYECKHM COCTOAHMEM, BHOMAcCCOH M MEXBUIOBBIMH OTHOLLE-
HHAMH DHTOMNAHKTOHA,

C uenbio ycTaHOBNEHHA BO3MOXHOCTEH [IPUMEHEHHA TDIAHKTOHHBIX BOXOPOC-
nen Banrtuitickoro mMops Ons GMONOrMYECKON OLEHKH TOKCHYECKOro MeRCTBUSA
CTOYHBIX BOQ, 3arpA3HEHHBIX TAKETbIMHM METAINAaMM, MPOBENEHBI HCCIEeJOBaHHA

86



feACTBHA TATbBAHHYECKHX CTOYHbIX BOA (CTOKHM KHCIOTHO-ILENTOYHON NMMHHH) HA
MHTEHCUBHOCTb POCTa H CKOpPOCTh (PMKCAIMH DAMOAKTHBHOIO YTTEpONa OfHO-
KNeTOYHbIMM BOROpocnaMH, MccrienoBanMa NMOKa3aUTH BLICOKYI YYBCTBHTCIDL-
HOCTh MOPCKHX OJHOKJIETOYHBIX BOJOPOCTEH K H3MEHEHHAM XMMHYECKOro cOC-
TaBa CTOYHBIX BOO, JTO [2eT BO3MOMHOCTb HCIONB30BATh HX B KayeCTBe TeCT-
0GbeKTOB 1A ONpeeNeHHst CTENEeHH TOKCHYHOCTH CTOYHBIX BOL B Pa3JTHUHBIX
CTA[IMAX HX OYMCTKH, BBIABIEHUA COBHIOB B TEXHOJIOTHYECKOM MpOliecce WIH B
paboTe OYMCTHBIX éoopy)xe_unﬁ,"ycrauonﬁeuuﬂ 30 PEKTHBHOCTH OYHCTKH CTOT-
HbIX BOA. _ , . : o
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Ecologic situation in the Baltic Sea during the bloom of
probably toxic blue-green algae

MAIJA BALODE
Institute of Blology of the Latvian SSR Academy of Sclences, 229021
Salasplls, 3 Miera str., Latvian SSR

Excretion is a normal phenomenon at the growth of phytoplankton
(Thomas, 1971). However, excretion of some algal species may have a
negative effect on the quality of water. Many algal species excrete
substances not exactly toxic but stimulating or inhibiting the growth
intensity of other water organisms. The toxicity of algae is not a
constant phenomenon and can appear under certain conditions. Data
about the conditions of algal toxicity are rather contradictory. A
number of blue-green algae including Aphanizomenon flos-aquas and
Nodularia spumigena can be referred to the toxic ones intense
development of which results in summer bloom of the Baltic water.
The aim of our investigations was to study the effect of intense
development of blue-green algae on the ecologic state of the Baltic,
paying the main attention to the chanaes of hydrochemical and
hydrological indices of the enwironment. The work was aone according
10 e project “Baltics®™ in summer 1983 on the experimental
oceanographic polygon of control and measurements during an intense
development of the blue-green algae Aphanizomenon flos-aquae and
Nodularia spumigena. Summaer bloom in the experimental polygon was
determined by the ecological state of the water basin, a complex of
phvsical, ohvsico-chemical, hydrological and hvdrochemical
cunuiions. Intense development of the blue-green algae‘occurs under a
real depletion of biogenous elements in the surface iayer and under a
low ratio of N:P. Intense development of blue-green algase, their
dominance in pnytoplankton under a limited algal species variety is a
reason for essential changes in the ecological state of the water
basin. It affects not only hydrology and hydrochemistry of the water
basin causing changes in water transparency, gas and salinitvy regime,
but also the biology of the basin. It has beer ried to Bstinate the
ability of the blus-green algae to inhibit the development of other
water organisms.
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’ At L rer PN IO TORe T eTIeCTHA, T Bpay Cmc:
rynacHines B opepxil cacil Gnorcnisx cogefl nante 1t B peayibraie

NPT T TITTTITIIT SIORTONTOMH MG e 1 P OX DO o Qi e c kg e
e cy e rseiio s epuiriioro npoayiponanis omoamope.

Orieonpenne N2 P ICan HOKAZA00 HECACAOBANI BO BPEMSL BCCCH-
nero uperenna puronaanktona 1 Bopnxoasmcekom Gacceiine B 1981 r.,
yOuiin vurparos n pochaton (MKMOJAL/AT) NPOUCXOANT B cpelnem
A cootnowenin 1,81 [239], uro Gan3ko K coctaBy okeaunueckoro
(pnronaanktona. bDanskoe k 3romy cootnourenne 16,6 : 1 noayueno,
HCNOAbays pacucTible 3uavenns obopaunpaemMocTili 3a ¢yTKIL  a3oTa
(0.35 sryoanst) n doeipopa (0,021 mrmonn/a) acerom s Baarnkn
b oueaom [238]. Kpome toro, nmelores jaanuvie, nokassisaouue, 1To
Ouroxnsieckiii pacnan opramnueckoil cyGetanim o oraybnnax mMops
(AOU : P=300: 1) npotekaer anajornuno 3stoMmy npouneccy B Mu-
posom oxeane [285]. [lepeuncaennuie (pakTbl CBIICTENALCTRYIOT, YTO
HET OCHOBAHIS TOBOPHTL 06 aHOMAJILIIO HU3KOM CcOfepaiin asorta
o naanktoue Baatngin, npeanosomeniiom  cTexnoMerpiueckoil  Mo-
Aeabio naauktTonusix oprannasos C:N:P=154:13:1, paccunran-
Hoit mo riApoxumuueckim nabmoacnnam B Mope |[284]. Cootnoue-
NI, B KOTOPBIX  OHOFCHIBIC  3JCMCHTH  BO3BPAILAIOTCH B BOJLY
GPH O1TMHPAHINE OPraii3Mon 11 ACCTPYKUHI ACTPHTA, MCISIOTCH BO Bpe-
memt [13-3a menvuwiedi sneprime essiacit  (ocopa  no  cpasiueninio
€ a30TOM B OPradliveckiix COCANHeHIAX, ocefanie ocTaTkos opra-
inason goamno obeanats ornowenne NP oo 1podorennom  caoe
a30TOM.

Cootnowiene wnrpatos it (octhaton B ragokinne  kosebiercs
B A0BOILIHO WIPOKNX npegedax, wanpusep, o 1982 r. or 1,5 no 4,0.
IHnskoe cootnowenne azora n Qocpopa B NOTOKE BelecTs W3 ra-
JokTHa nomasaer otnomenie NP og o sepaien caoe Daartugn an-
sMoit g0 10 n menee  (oObitiio 6—8). Toavko B 3aanpax, TeMm OoJee
013 verwen pek, 3to otnowenne npeswiaer 10, poxons, nanpn-
sMep, B joxiofi nactin Piskcekoro sanusa ao 35 (¢espaan 1981 r1.).
Poct rayOGunnbix 3anacon (ocpatos i MukpoOHoJoriueckoe BocceTa-
nowaenie HUTPATOR NHOA FAJOKJIION HANPABACHEL 113 NOJULepIRanie
AeduiTiocti asota B obuieii macce GuorenoB aas potocnntesa op-
rannueckoro seutectsa. Jlokasano, 4To A30T ANMITHPYET NEPRIMHYIO
npoaykunio 8 Apkonckom Gacceiine [116], B T0o e Bpemst no Piok-
CKOMY 321DV 1IMEIOTCH Halll fannsle o JuMHTHpoBanimit (oTocHH-
tesa wecuoit dochopom [162]. Macconoe paamnonenne cuue-aene-
HUX BoAopocelt B oTKpuToil Daarinke sinasieTcs KocnennuiM 1noka3a-
TeaeM JdetHero AusMutHposanns azorom. Quesnano, uto orpanuuenie
passntia urTonaanktona 8 Baatuke TeMm wan nHsM GloreHnbiM 3ge-
MEHTOM HMeeT CBOIl JOKajablbie ocofeHHOCTH N ONpejesisieTcss BceM
KoMnaekcoMm (hakTopon, (GOpPMHPYIOINX KOHUEHTPAlHI0 acCHMHANpye-
MBIX BOJOpOCJSIMII BCUICCTR B OoCBCUIEeHHOM cJhoe.



FTPKIMI-JI\! caejicrniemM 'illl'lf"]‘lll\'«'lllllll HBJAAIOTCH MIOoroJerinie na3
MencHIst 00N H BHAOBOIO cOCTana OHOTHUCCKIIX KOMIOHEHTOB KAk
noKazareas peakitiyg 3KOCHCTCMBLE Ha poapacTtaloniyio npojaykrusiocth
i tpogiocts Bogoema. Oanako, HecMOTpst Ha JUHITEALHYIO 1ICTOPIIO
riipobHonorinyeckinx neeaenopannit na bBaatiiickom mope, chneresa-
THYECKHX CcONOCTaBHMBLIX HaOJoAcHNil 3a Muoroaetneii JIHHaMIKoil
paXcneiiunx rugpoGHONTOB B OTKPHITOM MOpe, cPaniiiMBbix B 3TOM
CMBicsie © HaOJIogeHHsaMH 33 H3MEHeHHSIMH cofepxRanns nuTatenb-
HLIX cocunneninii n, B ocoGennocTi, KICAOPOAa, nee JKe e xpatacr,
B pocraTounoii crenenn nw3aywena JIHHAMHBKA BTOPHYHBIX NPOAYILENTOR
(koncyMenTon) — sconjankrona 1 3o06enToca, 3HANHTENBHO XYIKe —
(utonnanktona  (nepBHUHOro NMpoAyuenta) i MIIKPOOPranii3nMon
(penyuenron).

2.4.1. DuronaankTon W nepapulan NPoAYKIA

QurtonaankTon kak ocnosuoii (portoastorpodubil npoayuent op-
raliHueckoro BeulecTBa B OTKpHITOi uactn Daatniickoro mopst sisas-
ercst BaXKHelllnM areHToM 3BTpo(puKalll, OCYLICCTBASNIOULIM YCBoe-
Hile 3KocHcTeMOil MHIEPaNbibX coefnneniii GHorennuix  aaeMenTon
(Onorenon) alJMoXTOHHOTO NPOHCXOMACHNS 11 CO3AAIOUIIM HA IIX OC-
HOBC ABTOXTOHNOE OPraHiuecKkoe BeULeCTBO, BKJIOUAIOULIeCCH BO BIYT-
pennnit Gnoreoxumuuecknii kpyrosopor. Janusie o nepsnunoil npo-
AYKII MOTYT CAYMITL HENOCPeACTBENHoil XapakTepueTnroil cTencui
Il CKOpoCTH 3IBTPohHKALNI BoAOeMa, a nndopmanna 00 naMencnnsx
061N 11 BIAOBOTO cocTaBa (PUTOMAANKTOHA JAONMIA HCNOJBLIOBATLCS
He TONBKO B KavuecTBe MOKa3aTeast 3BTpouKkalim, 1no i npn nccie-
AOBANNK MeXanu3MoB ee npossaeniis nHa OoJee BHICOKNN Tpopine-
cknx yposusix. Moxaio, o wacrtinoctii, oXuaaTh, 1TO yBeAnICHie M-
Hero (ponsa  GHOreHoB B NOBEPXHOCTHOM  cJloe  Mops (ewm.
n. 2.3.2) nosmkio yBeJanunBaThL NEPBHUNYIO MPOAYKILIO, CO3AABAEMYIO
PUTONAANKTONOM KAk B 1Ipoiecce Beceninero wueremis, tak u, Oua-
ropaps perenepaiii OGHOTEHOB, JETOM, a  CHIDKEHNE  OTHOUIENS

: P, B ocobGennocti 3ameriioe JIeTOM 13-3a BO3POCLINX KONIENTpa-
wiit ocopa (cm. n. 2.3.2), cTHMYJANPOBATL NPONYKILINO cliiie-3ele-
HelX asotdukcatopos. [Ipin atom anauntensnas uacts Becenneil npo-
NYKIHK OcelaetT Ha JHO, nocTynas B pacropsikenie  Gentofayhbl,
a 1pHpocT JAeTneil NpPoAYKILIH HCHOAL3VeTesl PasBHTLIM co06UIeCTBOM
aoonsanktepos-tputodharos (cm. n. 2.4.3).

Ita YMO3PHTEJbLHAR cXeMa TOATBEPIAACTCH Pe3yaLTaTaMi M-
Tawn  (pYHKILNOHHPOBANIS  nefarinueckoit  3kocHeTeMn oo Tenenme
peretaitionnoro cezonta na moaean [274], npeacrasnsioneii  coGoii
MOLEEPHKAILIIO MOJICJAH 3BOJIOUNT BEPTHKANLION CTPYKTYPLL KPYroan-
pora pewectsa [62], B kotopoit yutena jandipepentnaltis nAanKION-
HblX (‘U()ﬁIIlCCTIl ] llﬂpﬂlly C pr!‘()l!ﬂpOTOM a3oTa onnpcan Kpyrosopor
(ochopa. Cepust uHCACHHBIX IKCNCPIMEHTOB, B KOTOPLIX 11A4AILIOC
cofleprkaiiie azora 1t hocopa IANABANOCH  NYTEM  IKCTPANONSILINI
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Jrunennon coaoe bopuxodasstcsont onaaniiw [234], poanoanaa npoae
MOHCTP YOG T O e e e o Hpoay K (e, £y

HLANAmee A0 rpoiaikainedi.
B oramune or teopernucckix nocrpoennii caoxuce oGuapyHiTh

nposipaenns sprpopuKaling no gaiidblM HaTypHbix  naGaogeninii —
li'L‘Pﬂ()".’l'lr'JJlleb!ﬁ nonck aoJaroppemMmeninb X Tenaenunit okasazucn 0Oe3-

pe3yabTaTHLING Kak na joro-3anafe [278], Tak W Ha ceBepo-BOCTOKe
[38] mops. M neao 3nech, mo-iAHMOMY, He CTOABKO B OTCYTCTBHH

ve N/ (meym)

jur 20/ (meym)
425
AV
3 42,0
ok Puc. 2.10. Mogeanposanie namenemiii ceaon-
o oy A4 nol aumamuKr nepnruioll NPOAYKIIK B 3aRN-
200k i AN CHMOCTIL OT Pa3nanunil HCXoNLIX 3anacon GHo-
- ’ 2 8 K renos n TpoporeHioM caoe, COOTRETCTRYIONNX
- i 2‘\\ npeanoamkiTeasio  cepeume  70-x  (I), na-
10 ! < "\N\1%F wany 80-x (2) w o cepemnne 90-x (3) ronons
! ’ S natiero pexa.
0 i . | 1 7 1 1 L= a
WV Vi it vt ix X [rpuxonan — npoaykuwin asordikcaropon,

rakiy npoasaenidl, ckoJbko B Madoll npnroanocti Hatypnoii nigop-
ML, HMeouLelics B nauem pacnopsuKennn, JJs BbipnJaelnus MHo-
rodetunx tenaenundt. Hecosepwencrso atoit nudopmauin obycaos-
JeHO, ¢ OMLHON CTOpPOHBI, OTCYTCTBHEM JUINTEJLHBIX PANLOB CHCTEMATH-
GeCKIX CPABHIMBIX HAOJIOAEIINIT 11 NJOX0il CONOCTABIMOCTLIO jaxe
IIMEIOLLIIXCH OrpaliyeniblX AannblX, CBA3aHNON ¢ HeAOCTATKaMH Me-
TOA0B TI3MEPCHIA, Jhnws ¢ nepasuiny nop NpH3HanbL coONnoCTaBHMbIMI
peayabTaTul onpenenenis ckopoctell nepsuunoil NPoAYKIHI 1 comep-
Aanna xaopogunaa «a» (no ne (eonurMenton), Toraa Kak cpas-
Hedie aapHbBIx 10 o0HAIO it BIAOBOMY cocTasy (HTONJaHKTONA,
MOJYHeIHbBIX B padiiblx 1a00PaToOpIAX, Bee elle octaerca npobaeMaTity-
nbiat [282]. C apyroii etoponsl, oGHapyxelne MHOTOJeTHHX TeHAen-
Wit 3aTpyansercs TpaanuMonuLiM  persaMentom peaknx (4—6 pas
a ron) i pactauytelx so spemennt (1—3 wea) okeaworpaduueckinx
“LeMOK moka3aTteqeil (yHKUHOHIPOBAHNA (PHTOMAAHKTOHHOIO €006-
llecTha, XapakTepl3yioulliXcs UWHPOKIM CIEKTPOM BpeMennoii n3Men-
{IBOCTI — OT MeKroJ0BLIX 1I3MEHEHNIT CPOKOB nacTynienns W npo-
rekannn cesonnblx (paa passntua skocucremw (162, 240] no xkopor-
~OMepHoANON N3MEHUIIBOCTI cliionTiveckinx Macmtabon [198].

Xopouweil wanwerpaineil Maaoli 060CHOBAHHOCTH TONBITOK BHIAB-
JCHHA MHOTOJAETHIX TEHAeHIWT No HIMeloUeMycs Matepualy MoxKer
CynTe Taba. 2.1, noka3sipaloiiasi, B 4acTHOCTH, 4YTO HEOAHOPOML-
HOCTL pacipefedeiis Aa)ie B npegesax orpannyenibix vacteil akpa-
:rl[‘jlll! M('][HI':h'lMCTH() II[)L‘HI:IUJ{ICT He TOJALKO MEXTrojaonbie paﬁﬂl[‘l"ﬂ,
A0 1 Pa3THUIA MEKAV HACTAMIL MOPSL.

Jlnwe nepnasno Wyasn n Kafizep wa Huctutyra  Mopeseienns
(CJAP) [277] cpasunan secenunie, JeTiie 1 Ocenyie anaucnns Kou-



Bopuxoasmckofi w loTaanackoil Bnaannax, ocpeaiieHnbie Mo ABYM
4-nerwnm nepnoaam: [975—1978 n 1980—1983 rr. (puc. 2.11). Cy-
mecTpeHas HIMeNuYHBOCTL OCENNHX 1 0cOoGeNnno Beceinnx 3uaducHi,

me Cf (m?cym)
"
)
{15|_

0~
m=an
Dy

M Xn,a 'VM’

fﬂ» a)

i Lo I

:

401 II! 1 65 a
I u 1
5§ " % T !I
0 1 L | | | | | | I 0 tl | L1 1 1 | 1 I
Hewoovoow v ovm ik oxo Xl mowvovovo o X Xl

Pue. 2,11, HMamenennn copepmannsn xaopodmana «a» (a) o cnoe 0—30 m w ckopocteii

nepouianoil - NPoAyKItHN (6?, ocpefnennbix  Ha wuteppanax 1975—1978 (ceetawie

anaukn) n 1980—1983 (remusie auaukn) n Apkouckoit (f), Bopuxoavmckoii (2)
i lotnanackoil (3) snaannax.

Tabauya 2.1

Mexrononsie wimenenun Guomaccw Guronnanktona s caoe 0—20 M oTkpLiToN
yactn Bantniickoro mops B nerunit nepioa, mr/m?

Ocenof paapes VI—VIIIQIHIBFJ r. \'lll[lzgil': r. \.l”i.}!:;? [
B uenom —_——_ - 46 160 445 — 278 —
Cenepunan uacth — — — 97 133 171 — 219 —
Llentpaawnas wacts 27 97 253 62 263 445 — 218 —
[Omuan vacrs —_ - = 46 48 49 — 397 —
VIl 1982 r. l VIl 1983 r.

VIl 1979 r,
Ocesoft paspes [13]
no nannsim M. bBanone

B uenom 130 381 820 _— —_- - 33 151 342
Ceneprian uacth — 130 — —_— —_- - 182 192 202
llentpanknas uacth 190 378 820 82 161 290 33 143 342
10%nan vacts 290 448 690 17 74 123 30 33 36

MMpumenwanne. [MocaegoBatensio yKasans MINIMadtbible, Cpejuine H Makci-
MAJbILe 3HadNeHiA.
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pedeis HaOJnode il o A pryao s or rogrin K POUTLY e o aami
OPOFCKARIE PO X eraa by UKo pona s IKOCHCTOMBL, ne
HOapoaser caedark crarncritecKin Jlocrosepnpie 3akmotneninys oTHoO-
CHTEABINO TeHACHLLITT  H3MEHCHII XapagkTepHcTix NpoOAYKTHBHOCTH,
Anaans Gogee cTaGnapHbIX  JeTHNX  KBa3npasHopecHblx  ycJoBitil

¢ Medblell MeXrofopoii naMmenunBoctblo noxkasaa (tata. 2.2), uro

Tabauya 2.2

Memroaonan 0 MHOTOACTIAN NIMENTHIOCTL NAPAMETPON NepANIIol NPOAYKTHRNOCTH
noaeriii wepnoa (moas—anrycer) [277]

Xaopoduan, ur/u? l1l'vﬂlll_'(":'mnlfl:_:l'l‘vmum
Binaznua IMTapamerp
19751978 | 19791983 | 1976—1978 | 19791983
20—30 m 0—20 m
Apronckan X 34,4 53,7 0,64 0,90
0 12,2 13,6 0,19 0,30
n 23 28 11 15
{ 0,001 0,02
Bopuxoawmcras X 33,6 ol '0,70 0,76
" 15,7 1,0 0,19 0,17
n 18 12 8 10
t 0,01 He 3HaUNMo
lNotaanackasn x 3.8 51,2 0,75 0,79
" 12,7 10,8 0,44 0,41
n 19 18 8 8
! 0,001 He 3nayiyo

I pHMeUNaANNA X —Cpeanee anatcine,; g — cTanaaprioe oTkaolenne; i —
wieao Habaeaemil; {— VpoRrets 3uanusocti paxnenii no f-reery Crwiogcnia.

BO3PACTAHNC KOHUCHTPAUNT XAOPOYPIIIA CTATHCTINECKI 31aulIMO BO
BCCX  ICCACAOBANNBIX  paionax, a nepsuanoil npoayKwi —n 1oro-
3anaixoil wactin Mops. ’

Oﬂ.lli!l{(). CTporo rosops#, OTHOCHTEJALHO MaJsas NpoAOJIZKHTEb-
Hoct Habaoaennil e no3BoaseT ¢ noanofl YRepennocThio cunTath
BLISIBICHHBIE H3MENCHIs npoasiacHieM yeToiiunsoil Muorogeruelt Teu-
JeHLI, a He MeXroLonoil WIKIANTIocTIL.

2.4.2. Mukpooprausimm

B npouecce asrpoduxkannn Danrniickoro Mops Mukpooprannams
3AUUMAI0T OAHO 113 wenTpadbinx Mect. OcyulecTsans cBon HOPMaJib-
fible 3KocHCTeMILIC (DYHKILIND PCAYIENTOR 1 YTIAH3NPYS ajloxTonnoe



UpraaaTURUE BEMEc: 80, Unny” T Aol TCTUponsn,  TiepesoAsT coep-
wamneen n oM azor 1 docdop noapnePAILULIE Jopsin, foe g
Hpe B pacnopsizkenye (PUTONJANKTONa — HMepBIYioro npoayueuta ap-
TOXTOlHOro opraniveckoro pBeimectsa. C apyroii croponn, nonaias
B nuuly 300MJIAHKTOHY H SOUGC!ITOCY, MHKPOOPprati3mMbl «yxKopaui-
BAIOT 11YTL» AJJIOXTOHNON OPraniiki A0 KOHCYMENTOB, UCM YCKOpPSIOT
1 aenait Oonee 3(pPexTHBILIM €€ HeNnocpeAcTBEHIIoe HCNoab30Balie
At noBblulenyst BTOpHunoil npoayktisnocti, Kpome toro, mMukpo-
Opraiu3Mpl OTBETCTBEHHL 3a perencpaiiiio Guorenos o Tpodoreniom
cjioe, cnocoGCTBYIOULYI0 NOBBEILICHHIO JeTHeil npoaykinn ciueremol. H,
HakoHer, HMelnno JKH3HeLeSITCLHOCTLIO MHKpoopraniu3smMon, pacxo-
JAYIOUIHX KHCJAOPOA Ha OKHeJenHe Kak ajJoXTOMHOro, Tak M aBto-
XTONHOro OpralH4yeckoro BellecTBa, onpejeasietcsa Bodpactaiie O10-
XHMHYECKoro notpebaenns KucJopoja, B ycJOBHAX HeAocTaTounoil
aspaunn npuBoasitiee K awoxcnn. B anaspobuwix ycnosnsx Godab-
Uylo posab HrpaioT crneinuueckne rpynnel MUKPOOPTaHI3MOB, KAk
ocyuiectsiasiolliie AEHHTPHPHKALRIO HUTPATOB H TEM caMbiM B W3-
BECTHOM CMbicjie  «npotusocrtositiie  sprpodukawnns  [271]  (cw.
n. 23.2 u 2.6), Tak n BoccTanasanBalouliie cyib(paru 0 cepoBojo-
poa.

Onnaxko pannble, HeoGXoanMble AJA KOJHUeCTBENNOT XapakTepi-
CTHKII PO MHKPOOPrannaMoBR B YKa3awnux npoueccax n (opmu-
PYEMbIX HMII MOTOKAX BELECTBA, MPAKTHYECKI OTCYTCTBYIOT, ecian ie
CYNTATL HEMHOTOUHCJAEHHBIX H B JOCTATOWHOIl cTenenn nporisope-
THBLIX  OIEHOK  HPoAYKUnn GaxTepnii 11 ckopocteil eyasarpeayviun
136].

Tak, mnanpumep, Gakrepuaisnasi NPOAYKWNHA,  paccunTanias
B MPEANOJIONENHI MOCTONHCTBA CKOPOCTIL AnIxanns 1 koahdininenta
HCMOJNIL30BANHS YCBOGHHOI NuII Ba pocT no  AaliibiM - 0 "icael-
nocti Gaktepiii Ha ocepom paspede Daaruiickoro  Mops B wiogae
1979 r., nas caon 0—35 M uamensnach or 04 po 2 r Cf(m?-cyr),
MouTH BABOE NPEBLIAa NepRUYNYo NPOAYKILIIO B 10r0-3anajanoil i
cepepuoii uacTiax Mops 1 ObJia B HECKOJALKO pa3 HiKe ce B ILCl-
rpadannoil wactie mops [45]. Henoepepernenme waMepenns paiio-
yraepoansim MetogoMm 8 Mae—iione 1984 r. nokasann, uto npoavk-
wis Oaxrepuii v cjoe 0—30 M H3IMCHJIACL B OCHOBIIOM 1B npeaeax
0,1—04 r C/(m?-cyt) u B cpeanem Gbiia B 2 pasa Hinke nepsiiHoil
npoaykunu [83].

C Toukn 3penis 3ajdayv, BO3HHKAOLUIX NPH lccaeaoBani npoi-
Jem 3BTpo(HKaLHK, HCHAMHOrO Jyuile H3yyeHbl H MOKa3zaTean npo-
CTPaHCTBEHHO-BPEMEHHOTO pacnpeienenns Mukpooprannasmon. Buico-
Kasi crenelilh Cro H3MEHYHBOCTI, cpaBuuTebno HeGOALWDN  ohheM
HMEIoLLXCA JIaHHBIX 11 OTCYTCTBHE JoJIroBpeMelibix nabJoaeniii ne
NO3BOJAIOT CTABHTL 3aAaYYy BBIABJACHIN JOJTOBPCMCIIBIX TeIeHuii.
Hawy paunwie (tabn. 2.3) noxkaswinaor Jauin,, 4To B TeuenHe oc-
JdefiHero AecATHJAETHsI JieTHee Pa3BUTHe MHKPOOPrannaMmMon, Xapakre-
pnayioweecs npeoGaananmnem (60—90 %) npob, B KoTOpeX uHCAO
kaetok npessitano 108 ka./ma, noctirano yponns 3stpodgiinix BOAO-
eMoB,
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.. Baneone

Mieruryr cSnonormt AH JlareCCP, Canacnunc

ATATITALIHA MOPCKHX OTHOKNETOY™'X BOJIOPOCIER
K BCJIEICTBIRO THZENX METANOB

Jonpoc od ananTauuy rMWIPOGHOHTOB K TOKC IECKUM B~
necTEeN MMeeT TeOPEeTHYeCKYW M NMPaKTHYeCKYD 3HaYMMOCTH, MO-
CHONLITY OlIeHKA 8IaNTAalUOHIOro MOTEHLMANA BONHHX OpraHH3MobB
noznonserT NPEeNcKas’aTh X YCTollMHBOCTE MpM M3MEHeHLW ycnobmit
ofrTanyl it ABJIAETCA BAXHBM (faKTOpPOM Npil onpenesieHUH Npeneb-
HO HONYCTHMUX KOHUeHTpauult nauwworo rokxcukanra, OmHako ceeme-
HIY O MEXAHI3MaxX, NYTS( i DO3MOXHOCTAX NPHCMOCOONEHMA I'MIpO- -
GL0HTOB K TCKCHYECKRM DeulecTBall Lo HAacToMUero PpEMeHM BECEMA
NpOTitDOPEYIS I B OCHOBHCM KACANTCA TOKCHKONOI'MH DHG,

lenwn naweit paGoTH ABMANOCH W3YYeHHe ANAMNYAIHOHHOI'O
noraiy ga uopckoro MUTONMAHKTOHA, OCHOBHOTIO nponyuaHTs op-
raxusyeckore BewecrBa B lipoBoM aaua.

tarennan 1 meronura uccnenonaHmul

Iina ycTaHoBIeHHA BOG3MOXHHX alalTrBHUX peakuuit nnaHKToH-
nex nonopecnelt Fanriiickxoro MopA K M3aMeHEHH MUKDPOKOMMOHEHT-
Herp coctana ropckolt cpend HamuM OHJM NPOBENEHH TOKCHUKOJIOIH-
HECHIE JXCNEPUMEHTH C ANLPONOIMYECKH YHCTHMA KYNBTYDAMH Mac-—
€ORO pacnpocTpanelimx Bolopocaelt duronnankrona Banrnfickoro
nopd B nplcyTeTeuH memt, O0keKTAMH MCCAENOBAUMA CHYRMIM KYJIb—
TYpH INATOMORHX Bomopocielt Coscinodiscus gran.., Thalassio-
civa baltica M Chactoceros wighamil - TUNHYHNE NPERCTABU-
TeNi BECEHAEro W OCEHHero MMTONJAaHKTOHA DanTHk¥. Bomopoomu
CUUT( “30MKDOBAHY B aJEIONOIMYECKN "YHCTHE KYABLTYDH M3 NpHpon-
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Hux cooduecTB PuTonnaaHKkToHa Puxcroro sanuea. Jna nunenedis

MOHOKYNBTYP M NONUEPXAHNA MX XU3HECNOCOOGHOCTH NCLONB30BaHd
‘MeTomM4Yeckue npuemy u pexomennauuu JLA,Janckoit, B.T,XodoThe-

pa u B,U.Kankoma /6, 6/, Jna ky’AbTMBHpOBaHWA Bomopocnelt Impii-
vmeHeHa cpema I'osmdepra B momnguxauuit 0.T.Kacdanoroft /4/, npu-

.IOTOBNIGHHAA HA 0a38 HEONHOKpAaTHO nacTepusoBaHHolt Mopckoil Bo-

IH c-~neHocTsR 5-7%0. YAnoBuA Ky/ALTHBHPOBaHUA BoxopocTell u
NOCTAHOBKA BKCIEPMMEHTOB OTpakeHH B cratee M.f,Banome /2/.
Mens B nKOMEPMMEHTANEHHE CHCTCMH BHOCHAK B BUNE Cuso0, X
r5H20 llporieco npensapnrensHoft amanTauMy NPOXONRT B npncym
CTBUA MOPOI'OBHX KOHUeHTpaumit menu. Yepea kawnwe 2-2 mHA Npo-—
BOIW/M NepeceB Bomopocne#f B cpemy ¢ cc BeTcTBywuell KoHueHT-
pauuett Tokcnkanta, [locne 20-HHEBHOrO HAXORNEHMA Bonopocnelt
B IPHCYTOTBMM INoporovolt KOHUEHTpauuy Meny WX Nepeceypamf B
Ccpeny ¢ BHCOKOTOKCHYHOM KoHueHTpaumelt memu, cooTBeTcTByRwefi
sddexrnBrol MemMaHHON KOHUEHTpPALMM Meny (EcspJ, omperenenHol

' N0 KPUTEDMD OHUXEHWA IPVPOCTA KAeTOK. KpuTepueM BHewnero mpo-

ABJEHWA apanTauuf cuUuTanu noABNeHNe MMM 3aMeTi0o8 YCKOPEeHKe

: pocra BOJIOIJOQ?IBH B YCJNIOBMAX, pPaHee BH3IWBABUMX WHI'HOMpOBaHUE
- pocTa KyIBTYDH,

" PeaynsTaTH H WX OGCYRIGHHS

~Tlo pesynpraTaM Ramix NpelE.pUTeTEHHX WCcnenoBaHmnit, no-

. POr'OBHE KOHLGHTDALMH MBI, CYHNA NO KPATEPHO OTHOCHTEIBHOM

" MHT@HCHBHOOTH PoCTa M (OTOOMHTE3A CEMH NOMMHMDYIUIX BHIOB

. furonzanxrona Banrufickoro Mopa (Coscinodiscus granii,

f Gonyaulax oatenata, Diatoma elongatum, Thalassiosira baltica,
' T. nana, Sceletonema costatum, Chaetoceros wighamii),

" HAXOLATCA B Xuanasode or I5 mo I00 mer/nL /17, TIpH KOHICHT-

panunr 25-I00 Mxr/n'I OTMEYBHO YBB/MYEHHe TOKcHyeckoro affex-
T N0 MOJHOTO MpPeKpalleHAA XKUSHEeNeATENEHOOTH KJIEeTOK BCEeX MC-—

. ‘cnexmyemyx BruoB Bomopocneft /I/. C nomomsm NMpoduT-aHamaa

 HaMM NOJNYYeHH COMOCTABMMHE | AHHHE 06" ycTohyMBOCTH JIOMHHRHDY IO~

mux BHIOB duTOoNIaHKTOHA BanTHiCKOro MOpPA B MDUCYTCTBMK MO,
PeaynsraTH MCC/IENOBAHMA CBHIBTENLCTBYOT O SHAYNTENBHHX pa3-
JUYKAX B TOKOMKODB3ACTEHTHOCTH Bonopooneﬂ N0 OTHOWEBHMI K MEIM.

al
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Puc., I. Manoneuus oduwer 9MCTEHHOCTH KNIt .OK KYJABTYD L
0NNOKJAETOYHEX Bomopocnelt Bantufickoro Mopsa
non BoanelicTBHEM MCIM NOCHE NpPenBapuTeLHOK
v anantouni Bopopocaed, A — Coscinodicus e
granii, I - 100 mxr/x-L, 2 - 100 mrr/n-I Tt
nocne rnepecena u3 50 mxr/a-+, 3 - I00 mxr/m 1"

nocje nepecepa %3 75 mr/ f b - Thalassioojra
baltica "I - 76 mxkr/m-l, 2 - 75 mxr/ml o
nocsie nepecesa ua 25 1, B ~ Chagtogeroa .

vwighamii, I - 26 mxr/m i, % - 25 MKr 5 B
nocne nepecesa u3 16 mxr/m1i, Sl o

Tax, nocne cyrouxoft sxcmosunmun ECgn konednewea or 20 no

1200 awr/n"l. 970 odycnoBuno BHOOpP TeoT-00H8KTOB NMPH MOCTA=
HOBXE@ OMHTOB [0 UCCABINOBAHWO aNANTANMOHHHX cnocodHocTelt Bo-
nopocnelt — mononuTHEE KynbTYpH Chastoceros wighamii, Thalas~



I0r

Iionira baltica “'[ n'Cosc'nodiscus granii oGnanawnTt
taannvﬂoﬂ GTBHEHLD TOKCHRODBSHGTBHTFOCTW 10 OTHOWEHI® K Me—
nn._ ¥ s

1w ile cpannennn o IPYIUMH MBTANJAMU MeIb ABJIAETCH ~ YHCHXAH-
" TOM ¢ OTHOCHTENBLHO Y3KUM NMUATNS30HOM Tolcuyeckoro nmeftcTpus,
wro, no miesww J,J.Tanouxu /3/ aBnaerca ocHoBHOM mpuwixAvi
| HM3KOrO BIIBNTALMOHHOIO NOTEHUWAZKA BOXOPOCHEX B NMDHCYTCTEYM
. Memm, PesyjsTaTH ONSHKA aNanTalMOHHHX BO3MORHOCTG! Hcenemye-
_MHX BWAOB Bomopocnelt mpemcrakneHw ®e prc. I, Ma pucyHka cre-
nyeT, 4TO TOCIe 20~-IHEBROT'O XPOHNIECKOTO GTpaBHEHHE BOROPOC—
neﬁ MEIBD B NOPIOBEX KoHueHTpawpax (I5-50 mur/a~ Iy vy Beex
' nononHTHHx _BWIOB BONOPOCZeR OTMedeHa MOBHmEHHAM YCTOMYMBICTS
R BHOOKOTOKIMYHNM (ZaEcso) KOHIISHTpauuaM Mermu, Bcnee pupa-
" MeHHHM 8IaNTAIMOHHHM NOTEHIUWAZIOM O6raNaeT NUAaTOMOD2A BONO-
'poons Coseinodigous granii - (em. pme. I). AmantrpoBansaf
nynbrypa'naﬂﬂoﬂ nonobocnn crnocodHa B mpueyrereyn 100 wmr/n
MENH COXPAHWTE ““{TEHCMBHOCTE DOCTA HA YPOBHE KOHTPONT E TC—
qeune Boero akcnepmmenta (20 mHe#t),s TO Bpems KaK HeanaAMTipO=-
 BaHHAA KyﬂthpB XApAKTEPUIYRTCH DHAYNTENBLHHM CHINGHMEM YiC-
MeHHOCTH KJOTOK N0 OTHOWSHMO X KOoHTpomo — or 70 (B nepnwe
nﬂn ontra) mo I0% (B koune axcnepnmeuwa) TlopHweHsEe YETOi-
| uyBoCTH k FCSO MeIM BHABNGHH TAKXe ¥ Thalassiosira baltica
H Chuctoceroa ‘wighamii, HO no CPaBHEHWK C Concinodiecua
sranii -plbext ananramm Meuea ‘pupaxen (cM. puc. I).

Honyqenuuo POaYNBTATH NOKA387M, UTO GONee YCINEeWwHo ATar-

TAIMA MOXeT NPOXOIUTH B anCJTOTBHA TMOPOTOBHX KOHLEHTDal
Memu, B TO BpeMH KaK 10076 HPEIBAPHTEIBHOMN 8IANTAIRN K NLCO-
- roit TBOTHPYHHBH‘HDHHBHTpaHHH Tokcikaura (75 paer/1 L) ISHE
'ananrauxn MoxeT oTcyTcTBOBaTH (CM, puc. I),
] ‘. Baprupyfl BpeMA' KOHTaKTa bonopopxeﬁ C TOKCHKAHTCM, Ha
npumepa Cosoinodiscus- -grantl. . My NONHTAMUCE YOTANOBITS
Bpend, He0CXOIHMO6 “ 1A HPOHBHEHHH NepBEX NPH3HAKOB aNunTa~
vt (pmc. 2) Cornaouo pasyasTaTaM uocnenoBaguit, mpncnocod-
NleHue Bonopoenen K Buéoxowoucuqnum Pouuenwpauuﬁm Meml PineD-
‘waeTod B CpOK "HE Meuea I0 cyr, omuHako “Gonee HATAAmINI DiaKT
' ananrauun ormeqeu Mup Moo 20~cyTquoro NpoCHBaHUA DONOPOC—
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YnCneHHOCTS KJIETOK, % OT KOHTDO
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NpemsapuTeNsHoro mpedupaknA Coscinodisous ;.-
granii B cpeme ¢ KoHuedTpanue#t memm 50 Mr/n .

A - mpomo/muTeBHOCTEH amanrauuu 5 oyr, B - . -
npono/rkuTenbHooTs amantaimu I0 cyr, B = TMpOnQA- .
xureapHocTh anantaummu <20 cyr,:I - 100 mir/mi, ;

2 - 100 mxr/ml nocne 9epicesa M3 CPemH O KOH= | '
uexrpammelt Memu S50 mkr/m, : T

neft B cpeme ¢ MOPOrOBHME KOHI@HTPAIMAMM MOTANNS, TOCAS KO-
TOPOrO OTHOCHTENBHAA WHCAGHHOCTH KNETOK MONONHTHOM KyNBTYDH °
nocturaer Kourpona (cm, puc, 2). Hocne 5-0yToyHOro MpedHBA-

HiA Coscinodiscus granii

B cpene ¢ noporosoft KoHuedTpaimeft

Menm  BHpARBHHHX M3MeHeHuft ycroffumeooTm Bomopocne#t mo oTHoO-
WeHMD K BHCOKOTOKOMYHHM KOHIGHTPALMAM MOTANNA HE OTMEYeHO.
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Qnuoxnerovﬁue sonopoc/M nMewT KopoTiurt xuanennwit e
(DT HECKONBKIX YOCOB A0 HEOKONBKMX oyTok). Ilo Hawewy MHenuo,
B OCHOBE YIX IPUONOCOGNEHUA KO BCAKOIO pona BPemHuM Bodzeficr-
|BMAM JEXUT TeHOTMIUYHAA 8NANTALMA, KOTOPAA OCYWECTBJSATCA
88 CYeT M3MeHeHuHt reHofoHNA W NepelaeTCA NO HacIeACTBY. A
 BHABNGHMA POMI FeHOTHIAUHOft a;anTamuy B MpHOGDETEHMN YCTOX-
YUBOCTH NJAHKTOHHHX Bonopocnelt HaMi OHmI NMocTaBNeHN OMHTY
C BHCOKOTOKCHYHOR KoHueHTpaimeit menu Ha 10 KIOHOBNX XY/IHTY—
:pax Coocinodiscos granii  mocye ux mpemsa UTENBHOI ananra-
. IM¥ B cpene ¢ xoHueHTpauuef#t memu S50 mxr/n*, lioayyeHHHe pe-—
. 8y7JBTATH NMOKA3aJHM, YTO doNee MIM MeHes BHDAKEHHEMM alanTa-
IMOHHEMHA. CIICCOGHOOTAMA 00JANalT BC@ NONOMYTHHE KYNBTYDH.
Bosnee ycroftuMBHe KJIOHH COXpaHAKWT cBolt amanrtaunoHeHit noTeH-
UMan B TevueHne pAna noxonexuit, Ha ocHOBE NMOAYYEHHHX XAHHHX
MCEKHO CIEnaTh BWBON, YTO AISITAIMOHHHE CNOCOBHOCTH Nepena-—
PTCA N0 HACGABNCTBY M HOCAT reHeTHYacKuUll XapakTep.

Cnuocok nmrTepaTypH

I.Fano e ‘M.H. Bmuanne nameneHutt MnxpoxomﬁoueuTHoro

' cOCTaBa MOpCKOR cpemy Ha. pasBuTie MOHOKYJNETYD ONHOKIETOU—
Hux Bomopocielt Prsckoro samma // DrcnepiMeHTaNsHAf ROX-
HaA TOKCMKojorma, - Pmra, I98I, - Bun. 7, - C, I42-I57,

2, banone MMA, Meronuyeckrit Momxom K HSYYEHIH TOKCIHKO=
PE3UCTBHTHOCTH JMHKTOHNHX Bomopocneft Bamruitckoro mMopa
npi BosneicTBUM TAReNHX MeTannoB // PaspadoTka u pHempe-
'HMO HA KOMIIEXCHHX monoBu” CTAHUWIX M3TONOB GHONOTHYECKO-
r0 MOHWTOpMHra. — Pura, 1983, - T. 2, - C. 126-I38.

3. Tanouxa ILI. 06 anantammm Bolopocnel K TORCHIECKO-
My Bo3meHcTBo // SKCNEPMMBHTANEHAA BONHAA TOKCHKOMOTMA,=
Pura, 1986. - Bun.-II, = C. 124-I28,

4, Kadaunona 0T, ‘Opranmdeckuit docdop KAK HCTOYHIE
" MUTAHHA @HTOHHBHKTQHB. ABroped. muc, ... haHH. Gnoxn.
Hayk. - M., 1958, - 32 ¢c. :

5, Tancusga A, KVHLTHBHDODEHHB Bonopocneﬂ // 3xono-
ryeckad U3MONOTMA MODPCHUX NJAHKTOHHUX Bonopocneii, -
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Kuen, IV?I. - C, 5-2I,; :
6., Xooorbsen BI, Kankxkxobn B,H KyrsruBrpoBanne

3e/eHHX BOHOPOCJelt ¥ HCHONB30BAHHe HX B T KOMKONOIMYECKMX
axcnepumedTax // MeTonukn CHOZOIMYECKMX NCONGNOBAHMNE mO
BomHO! TOKOHKOZOLMM. - M., IS?I, - C, 2I9-R3I, . . '



MeaepIMnnTA IEHAT ANTHAR TOoROWKoAOPHA - 1990, — Bun, 14, -
C.I05-I1I9

YIK 691.148,1:577.472(26)

I1,B.EBcTHrness

MueruryT GMONIOTMK OAALX mope#t AH YCCP,
. CeBacTonons

BJIVAHUE PAJIA TOKCHMUECKUX COENVHEHI
i HA BHOJOMIHECIEHLIMIO0 MOPCKMX KOITETIOXN

lsyyenmo KpUTepHER DE3RCTEHTHOCTH I'MIPOCHOHTOB K
TOKCHYECKIM KOMIOHEHTAM CpellH pPasiufyHoro MPOMCKOIEHMA M0-
CRANEHO GONBNOE KOJAMWIBCTBO PacoT. B HMUX NBOTCH CPARHITENH-
HHE OlIEHKA OCHOBHHX RU3HEHHHX OYHKIW# - pa3MHOREHUA, NAomo-
BHTOCTH, IHXaHWwi M XIp. B Hopme ¥ mpi naronormn /5, 6, 7, 9,
10, 20-22 u mp./. HemocpencTBeHHOB8 OCYNECTBNEHMS TEX IH
MHHX TOKCHKOJOIMYEOKNX TECTOB HA OCHOBE MONYYEHWA M aHamiaa
OTKIMKA YIIOMIHYTHX KU3HeHHHX oTmpaBreHull HyRnasTcA B mocTa-
TOYHO I/UTEJLHOM NSpUONe HaGNNIeHWA, 4TO He BCErNa BO3MOXHO.

- B nocneniee Bpemd YOTELHO MCNOJB3YOTCA KOCBEHHHE Xapak-—
TEDHCTUKW DEAKIMAM OPraHH3MA HA DASMIYANGE BUIH AHTPONOIEHHOrO
BO3NE#CTBHA, K'KOTODHM MOKHO OTHECTHM GHOIM3MYECKME TEOTH.
OmHMM ‘M3 HNIX MOX@T OHTH GHONMOMMHEOLEHTHAA DEAKLMA ODIAHA3MOB,
ABNAKWAACA B onpeneneHHo#t Meps “"aryomepaTom", o0meIUHAKLM
GuONOrM 06BEKTA O OHOXuMMel u duMBMKO! Mpollecca SMMCCHM CBe-—
ra.  llpenmymeoTso HCNONESOBAHNA 9TOI'0 KPHTEPUA 38KIMOYAETCH
'B SKCIPBOOMBHOCTH NONYYEHMA HHPOPMALME O COCTORHMI O0BEKTA.
Taxuae padowu yxe Banyruﬂ B odnacTﬂ OHOHnMEHGGHBHuHﬁ Oaxrepnﬂ
/4 B/- ¥ ; t !

BHOIOMUHE C118 HITAS xonenox’oruocuwon K ONHOMY M3 MWDOKO
PACMPOCTPAHBHHHX ABNEHMN, ONpeNesARIWNX CBeYeHRe MopA, Ecm
B OTHOWGHMM OCHOBHHX (hyHKIMOHA NBHHX X8PaKTEPUCTHI KONEnoxn
MMeNTOA ONpeleNeHHHS NpenoTaBjieHHA 0 NeRCTBHA Ha HAX TOKCH-
YBOKHX BemecTB, qama nouanﬂnqnx n orean /I2/, To peaxumA

14
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Tonauunckana HI., bounnapedgxo H.C.
BakrepuansHad NPOUYKUMA B [DUINOBEDXHOCTHHX 0QJIOAX BO-—
I 3ananHoil yactu YepHoro MopA // T'nupoOuon. KypH. —
1985, - T. 21, %k 3, - C. 46-50.

lLludaunus AB. 0 npndope mna coopa MUKDPOGSHOJOTH-—
YeCKMX MPOd B IDMIOBEDXHOGTHOM MUKDOIODU3OHTE Mopa //
I'wnpoduos, wypu. - 1967. - T. 3, w2, - C. 84-86.

Il u6auns A.B., DBaxkre;uonelicron nm OaKTepUOIUIAHKTOH
weaspopoll obnacru Yepuoro mopa. - Kuem, 1970. - 274 o.
IudaHnus AB.,,Tanos I'.B., Jlarkwm I.B.,
Dprkonckaana B.A., bakrepuasbHoe HaoeJeHue OT-
KPHTHX BON Banrtuilcxoro mopa // MccaenoBaHua aKooMcTe-
wu Banruiickoro mopa. - JM., I98I. Bun, I. - C. 4I-60.
luodanus AB,,lavos I''B,, MnpouwHuY -
yeunuko HM.,, Mprkonoxasa B,A. Cocroaiue
MUKPOOHHX npoieccoB B oTkpuTodl yacru Banruilokoro mopsa
B 3umnll nepuon ropa // Mccaepomanme akocucremd Ban-
rulickoro mopa. - J., 1985, - Bun. 2., - C. 20-37.
Hudaus AB.,,Idetl epe MO.,,lanos
I'B., bapuudosa C.JM. Ixonoro-pusuonoruyeckan -
XapakrepucTuka GAaKTepDHaBHOIO HACEJEeHWA [eJAaTHau
Banrulickoro mops // Weconepopanue skocucremu Banrulloxo-~
ro mopa. - M., 1985, = Bun. 2. - C. I29-143.
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YIK 582.264577.462(26)
M.fl.Banone

[TPOCTPAHCTBEHHOE PACIPEIEJEHUE

TJAHKTOHHHX BOJOPOCJEN OTKPHTOR GACTY

BAITUACKOIO MOPAl U @MHCKOIO 3AJMBA

B CEHTAEBPE-OKTAEPE 1980 r.

B ©BA3M ¢ HEOJHODOMHOCTEK I'MIDOMETEODOJOIMYEeCKHX
U OmoreHHux ycaosuit B Banrulickom Mope CPOKM Nepexona ce3oH-—
HHX cYKleccHil QMTOMIAHKTOHA HA NOCJAENYWILX CTANMAX B pa3-
JMYHEX DalloHax MOpA He ONMHAKOBH /4, 6/. PadoTH, N0CBAWEH-
HHe H3y4YeHHn ce3OHHOU aunamuku QuronsaHkToHa Baatuilckoro
MOpA, N0 HACTOAWEIr'O BpeMeHM BHIOJHEHW B OCHOBHOM B Npuipex-—
Hux palloHax BanTnku n 3anupax. JlaHHWe 0 Ce30HHOW anHaniKe
cykieccuu UTONJAHKTOHHOIO cOOCUISCTBA OTKPHTOM wacTn Mops
BechMa orpaHuMyeHn, KapTuHa nocseloBaTeNIEHHX Ce30HHHX H3ne-
Henull ¢uromnanxrona Danrullckoro mopa OoJiee noupoCHO OTpa-
KeHa B padoTax DAJA aBTO))OB /4-7, &, 11, 14, 15/. BoabluuH-
0TBO uccaenoBaiull guroueHosos LBantuiickoro MopAa nocBAueHD
M3Y4eHMO OTJHeJBHNX OMOJOrMYECKMX ce3oHoB /2, 3, 8, I2, I3,
16, I7 u ap./, OonHako 9TH PACOTH ABMANTCA LEHHHM MATepHd-
JIOM JUIA NOJYYEeHMA MOJHOI'O MpeJcTABJEHUA O Ce30HHOM MnHamMu-
ke QuromnaHkToHa OoTkpHTON wacrtu Danruilckoro mops,

B Hactrosawef crarre M3JOMEHH DEIYJNLTATH HCCJeNOBaHHS
GopmuporaHna, CTPYKTYPHUX ocoOeHHOcTEH B NLOCTPAHCTBEHHO-
ro pacnpeliesenna PUTOMNAHKTOHA OTKPHTOH YacTi Banrmiickoro
MOpA M DMHCKOrO 3ajmpa B cenTAd.e-okTaAGpe 1980 r.

Marepnays ¥ MeTOIMKA HCCJIEeIlOBAHWUA

HecsepoBanna npopomman ¢ 25.IX no 26.X. 1980 r.
Ha HHUC "Aw-Jlar"., Pallon uccrnenobanun OXBATHBAJ OTKDHTYW
yacth Bantniickoro mopsa (oceBoit paspea) U Guickuii 3aann
(puc.L). [[poCH BOMH IAA EUTOIIANKTOHHOIO AHAJM3:4 OTCKPLILY
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| P
Puc. I. Cxema pacnonoxenus crasumfi B Bantufloxom mope
(ceHradpE-0KTAGDE 1980 r.).
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Ha I3 cranumax., Bus noppodsHo mayven tpodoreHHuil c/aoil BOIH.
Huxnoo rpainuy OTHYeCKOre CJIOA' BOLW ONDENEesAIM MO JUCKY
Cexxyu. [lpoOH OTOMpanyu Takxe B NPUIOHHOM cJoe BOuH. YHeTr du-
TOIVIAHKTOHA NPOBOJMAM B fuxcupopanuux (40%-num | opraion)
M KOHLEHTPHpOBaHuX (({MIBTPAUMOHHEM MeTOIOM) NLOGAX. [Ipu
QuabTpaipn NpUMeHsn MemopasHde QuiabTpe "CuHnop-2" ¢ jua-
metpom nop 2,5 mkm. O0vem @uiabTpyemoidl Bomu cocrapasa 1,0 i,
OCwee KONMMYECTBO KJIETOK MJAHKTOHHHX BOJOvOcJsell onpeneJuinn
MeTOJOM NPAMOIO nojcyeTa, buomaccy QUTONNAHKTOHA DHYHCJAML
no odLeMy KJETOK, MCXOHA M3 cxojicTBa ux Qoom ¢ onpeleseH-
HHMU TeomeTpuyeckumu gurypamu /I10/.

PesyssTaTh B MX oOcywueHue

Hcenenopanna, BuNosHeHHuWe ocerinw 1980 1., noaso-
JIMIM YOTAHOBUTE HENIHOPOINHOCTEL B pacnpelleseHun (uTOMIAHKT O~
Ha no akBaTopun bajTHilcKoro mMopa. CpabHUTEJEHO BHCOE [0-
Ka3areJu KOJMYeCcTBEHHOI'O cOCTABA (MTOMIWIKTOHA OTMCYCHH HA
CTAHUMAX ¢ ABHO BHPAKEHHHM &2NEKTOM JIETHEI'O ([UUTC IAHKTOHA
(or6op npo6 npoBomwm ¢ 25 N0 29 CEeHTAGHA), DACNOIONElHAX
B 3angiHoil yactu QUHCKOIO 3aJymBa (cr.~3~10}. B CeBeDHOIi
yacTh OTKpurol Bantuxku (cr. II-I4) m B BOCTOuYHOIN wicTn cesep-
Horo Tornanya (cr. IS5). UMCHEHHOCTH KAETOK (MTOMJAHKTONA I
nonepxHocTtiHoM ropuaonte Bogd (0,5 M) ykasaHHHX DaiioHOB Kose-
Gajiace ot I21,6 no 658,8 MﬁH.Kﬂ/MS (radn. 1), B cpeluier coc—
rapusia 375 mim /M. B IanHuX palioHAX OTMEYEHH TAKEE 04 d0-
CHTEJIBHO BHCOKWE NOKasaTeau (UTOIIAHKTONHINOH Onomaccu (radn.
2), cocrapjsouue B NOBepXIOCTIOM cJoe Bouw Jo I106,1 wr/u
(cr. 12). OTHOCHTEABHON OejulO0TEN GUTOIIAHKTOHA XADAKTEepH3y-
bTCcA mxHaA yacTh OTKpHTOl Bamtuki (cr. 21 1 22) u BocTOYHAA
yacTh Pusckoro szanuea (ar. I u 2) ¢ BHpAKENHUM ACNEKTON
OCEeHHEro @QUTONJAaHKTOHA (ordop mpod nposomiuin ¢ I0 no 26
OKTAGPA), Phe YHCJAEHHOCTH IIAHKTOHHHX Bonopoc.aed B 0,5-u
I'opn3onTe Boju cocrapaser or 6,8 (er. 22) no 7I,8 (cr. 2)
MIH.KJ/J, Onomacca He npeBuuaeT 23,6 ur/Mo (cr. 1). Otue-



- Ta6 1x La I
GUCNeHHOCTE @uTonﬂaHHTOHa* B Bastulckou MODE M @EHCKOM 2EDMBE
B CeHTAGDe-0KTACGpe I950 r.

Jara Craxnan Topsr-  Cyano- Pyrro- Bacilla- Chloro- Charyso- OCwee

30QHT, phytia phyta riopnyta phyta phyte KOJ-EB0
M KJI2TOR
ﬁﬁ?ﬁB*R
T i 3 g 1) 3 7 B8 g
25.1Xx 8 0 95,0 2,0 2,5 0,5 0 158,4
' 5 %,5 0.7 2,5 0,3 0 277.,0
20 79,7 4,7 15,6 o] ) 12,8
%0 0 0 0 0 0 0
g 0 89,7 0,2 0,I 0 0 658,8
5 99,1 0,7 0,2 4] 0 85,8
25 93,8 1,8 0 5,0 0 32,0
70 0 75,0 5,0 0 0 0,8
6.0 I0 0 98,4 0,4 0,7 0,5 0 349,0
5 99,4 0,5 0,I 0 0 271,2
20 . 93,8 3,1 3,1 0 0 13,0
70 0 0 0 0 0 0-
27.IX II 0 99,7 0,2 0,I 0 4 394,2
5 98,4 1,0 0,5 0 0 153,4
27 84,3 6,0 2,5 7.2 0 16,6
80 0 100,0 0 0 0 0,2
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YyeHHHe TeljleHun pacnpelueseitna NJMAHKTOHHUX B(J,nODOOJIBﬂ no
araTeptt BanTrilckoro MopAa WUIRCTPMPYOT TakXe aasHHue cpen—
desasellelnoli YicJeHHOCTH 11 GuoMacCH (UTOIVIAHKTOHA B 0J0€
0-20 & (vada. 3). CpejyneBspeweHHan uucaeHHocTs B pallonax
nescwelned nooaykribuoct (er. 8-15) cocrasnaer 64,3-210,6
;uuunx/mj, onowacca - 5I1,7-96,6 MP/MS, B TO BPeMA KAK B KK~
soit yaem: Daarukn (er. 21 w0 22) u BocTOYHON yacTH sanBa
(cv. I u 2) cpenle~3BelleHHAA YNCAEHHOOTD U ouomacca
"*‘xw“~w 5 nperenax  3,9-27,0 MﬂH.Kﬂ/Md n I2,3- -
32,8 ur/xS coorseTcredno (racn. 3). ONHAKO B CBA3M O IPO-
CTOANCTRENo N0eAeOBATENLHOCTEN PEeHOJOIMYEe0KNX ABJIeHnH
/97, o cuele Jaerthell accoumamn @uromankToHa oceHdell, Bo
woene akoneliil e yIanoch yoTAHOBUTH YeTKO BHpaweHHoOl Teu-
LeHiu U3MeHeHNnsT KOJMYyecTBeHHHX nokasaresefl passurua uro-
[LGHKTOHA B ceDnepo-kiRHOM Hanpasnenun, COnooTanuMooTh KOJNU-—
qaerneHUx nokasaresell @uromnalikroiia B ceBepO-0KIIOM HANpPAB=-
JCHL OCJOKRHIIET ILX OnpejieJieline B TeYeHMe CpPABHUTENHHO CONb-
woro pHrevpana npemenn (25.IX-26.X.1980 r.), korma npoucxomu-
Jid ciieHa ODOMHHMPYOWMX BMIOB Bopopocseli. BHOOKYW 4MCJIEHHOCTH
ka2ToK B JeTHell accoumaunn @uronsiaHkToHa Bantullokoro Mopa
onpeuneJano HHTeHciBiiOe PDa’lIBUTHe MBJIKOH no Oﬂ'beM.Y cuHeaeJe-
neil noyopocan Aphanizomenon flos-aquae, Ha 100 KoTOpOl
B NOBEDXHOCTHOM cJoe Bopd (0-5 M) npuxomuros dosnee 70/, 06—
uero KOJWYecTBa KJETOK,

Takconompuecknll coorap @uronsankrona Banrulickoro Mopsa
ocelpw 1980 r, npepcrasjed BHOIAMH IBYX OOCHOBHHX 8KOJIOIO=I@80-
rpaguyecKkux KOMILIEKCOB: MODCKMM, YMEPEHHO TeIuloBoiHuMm (dope—
ANBHOT'O [DONCXOMIEHNA) M COJIOHOBATOBOJHHM, YMEPPHHO TEIJIO-
BOMHUM (NDECHOBOLHOrO MPOMCXOWAeHMA), B KoHLe ceHTAODA -

Hayaie OKTAOPA B (QUTONJNAHKTOHE OTMEYEHA AOMHMHMDYOWAA DOJIL
EJIOB OBPAPALLIHO COJIOHOBATOBOMKOrO KOMMJIEKCA, NPeACTaBIeH-
HUX B OCHOBHOM CHHe3eJeHUMH Bojopocsamip Aphanizomenon Ilos-
aquae -+ W Nodularia spumigena, [lo smreparTypHHM nauuuu.
HHTEHCHBHOG DA3BUTHE MPeCHOBOJHO~COJOHOBATOBOAHOIO KOMILIE K~
a4 34 cYeT cuHeseseHHX BoJOpoosiell HAuCONEe YaoTO OTMEYEHO B
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Tadauuya 3

CDBMBBSBBNBHH&H YyHCNeHHOCTE M dpomacca (L'l!TOEL?la}ii(TOH(l
B cyoe 0-20 m Banrulickoro mopsa ocenbw 1980 r.

Jara  CradHuus KoopiuHaTH YncaeHHOCTEH Browacca
Com Boa EgronﬁaHxTo- $gﬁgnﬂuﬁx—
- T ML KL/ B ur/is
251X 8 5943+ 25%I1*  163,I 9% ,6
25, IX 9 59%6°*  24%1°  137,3 28,6
26.IX 10 59930* 23°%4- 184,1 40,6
270X . II 59%6+ 23°09*  132,2 39,8
271X 12 59%14s 22011+ 64,3 20,2
28.IX I3 59%1°* 21°%5*  .98,1 51,7
28.IX 14 58%27»  20%0'  193,8 53,4
29.IX IF 57°%0+* 19%4*  210,6 64,3
291X 16 57%22*  19%7» 66,2 51,2
10.X 22 55°10*  15%57¢ 3,9 12,3
I1.X &I 55°15* " 16°40° 13,6 32,8
26.X I 60°%04* 29°08° 27,0 - 19,3
26.X 2 6005+  28°%43° 16,6 19,5

OTKPHTOH 4acTH MOpA, YTO HEpejKO BH3WBAJIO JeTHee "upere-—
nue" Bopu /5, 7, 8/. "llperenue" Bomu Banruifckoro mops
BliepBHEe OTMe4eHO B I879 r. nepBHMH MCCJIEIOBATEJNAMU 3TOIO
Bopoema /8/. "l[BerTenue" BOIH OKASHBAET BIMAHNE Ke TOJLKO
HA OMOJIOrMD BOJOEMA, HO TAKKE M HA TUIPOJOINL, MH3MEHAR
Npo3payHocThs BONH, IAa3’0Buil u coneBoﬁ'peﬁnmu mopa /8/. Byp-
HOE DasBUTHE CcHMHe3eJIeHHX BomopocJielt, MX JNOMMHHMDOBAHHE B
cocraBe (UTOIUIAHKTOHA IIPM OYeHb OI'DAHMYEHHOM BMJIOBOM pas-—
HOOOpa3uyM ABJAETCA BAKHHM [I0Ka3aTesieM aHTPONOIeHHOro 3B-
rpoduposasna /I/. [IpOTAXEHHOCTH SOHH “LBETEHNA", [0 MHEHUD
W.W . llukonaesa /8/, JMMATHDYETCA ONpeleseHHOH COJNEHOCTbY
Bopu - or 4,5 mo 7,5%o. OIuiM ‘U3 HeOOXOMIMHX YCJOBHII MAcco-
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BOLO PAIBUTHA CcHHe3eJeHWX Bojopooseld B BasruliokoM Mope AB-
JAeTCA JIOCTATOYHO BHCOKAA TeMmuneparypa BOJH — He HuUke I4-
15°C /8/, Bo Bpema Haumx ucoaejiobaiuil MHTeHONBHOE DA3BATME
clliesesedkx BojlopocJiell B NOBEPXHOCTHOM oJsoe Bouw or 17,1
2o 83,20 or odwed OmomaccH Puronnamnkrona (cm. radia., 2) Ha-
ONVNANIOCE DM TeMIIePATYDe 13.0-13,800 (25-29,.celiradpa) u
coaénoorn 5,5-7,7%0. YnesnHufl Beo OCHOBHOTO MPeJIOTABUTEJIA
HPECHOBOJHO-C0ZIOHOSATOBOJIHOI'0  KOMILIE@KCA (Aphanizomenon
flos-aquae)  KojeOaica B npenesax 66,5 - 98,9% or oduell
qucJenHooT guronsaHKTOHA B OTKDHTOH yaoru Banrulftckoro mo-
DA W coOTBerTCcTBEHHO OoT 38,3 no BZ,Q% - B OMHCKOM 3aNUBe.,
Hapnensune koJuyecTBd JAHHON BOAOPOCJH OTMEYEHH B BOQTOY-
HOll yacTn 3annsa, NOATBEDRIAA JUMUTHPYOWYL DOJBL COJEHOOTH
BOJW B DAIBATI COJOHOBATOBOAHON pA3HOBMIHOOTH Aphanizo-
menon flos-aquas B OonpelleJeHHlx B80HAX MOPA 0 COJEHOOTHN
poad  Hume 3%o /8/.

B oxradpe (I0-26X) nadnonaercs cMexa JerHero gmronsanx-
TOH4 oceHHuM. CHUKAETOA DOJIB CHHE3eJeHHX Bojopocnae#t, xoro-
pHe B jauiuil nepnoy coorapaAoT Juws I,4-19,2% or oduwelt duo-
Maoc QuroraskTona, [lonkemMe Temneparypu somy go IT;2°
cnocodornye'r noABJeHUKw BMUIOB MODCKOI'O, yMepeHHO I'BIIJIOBO,IJ,HO—‘
I'0 KOMILIEKca, npejcTapjeHiuXx B OCHOBHOM AWATOMOBHMW BOIO-
pocaamu (44,5-91,9% or oCuedd GuomaccH (MTONJAHKTOHA), OTJM-~
YAWUWIMUCA TPECOBATEJBHOCTED K KOJNNMYeCTBEHHOMY M KAUeCTBEHIO-
My cocTaBy OHOPEHHWX 2JeMeHTOB /7/, JOMHHMDYOWAMA BRIAMN
OCEHHETo furomnankrona ApaAwTeA Chaetoceros daniocus, Ch,
wighamii, Thalaesiosira baltica, Thalassiosira nana,
Coscinodiscus granii, [lo cpaBHEHUO O BECOHHMM M JI@THUM
ocetuil, puronnankTox BanTndckoro MopsA He ABAAGTCA ADKO BH-
DAXeHHHM B OMHCJe [peodsanaHuA oneunPuyecKux A NAHHOTO
ponoeMa BIIOB /9/. '

B nosepxsocTHux, Oojee ONDECHEHHHX CJOAX QMHCKOrO 8a-
JBa HapALy ¢ MOPCKMMHM M COJIOHOBATOBOJHWMM BHIAMM YCTAHOB-
JIEHO NPDHCYTCTEHE HEKOTOPHX  BMIOB npeCHOBOUHOW quiopw -
Roicosphaenia curvata, Melosira variana, Scenedesmus
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quadricauda. YMeJeHHU Beo npecHOBOMHHX BOnopocJsell cHuRaercs
10 HANPABJEHAD OT BOCTOYHOIO DETMOHA 3AJNIBA K 3aNalHOMY.
Beero sa nepuon ucosenopanun oTkpurolt yacTu Laarulickoro mo-—
pA B DuHckoro 3aympa onpeneseo 40 TakcoHOB Bomopocaclt, or—
HOCAUMXCA K D cucTemMarMyeckum orjeJsaMm (QUTOMJIAHKTOHA. Han-
CoJBUAA YUCJEHHOOTh BWJIOB YCTAHOBJIEHA B Ipyline IHATOMOELX
pogopooaelt - 42% or odwero umcia rakconoB. Ornesu Cyanophyta,
Pyrrophyta, Chlorophyta M _Chrysophyta  OTJMyanT-
0A MeHBUMM DB.BHOOODE.SHBM BUIOB, COCTABJALUMX COOTBETCTBEHHO
26, 15, I5 u 3%, B rOpuMBOHTANBHOM DachpejeJeHisl BOHOpocell
dossliell pA3HOOCPA3HOCTEN BUIOB XapakTepusyeTcA (UTOMLIAHK-
70H $MHOKOro 3ayupa u cepepHoll yactu Bantulicxoro mopa. 0r-
Hodu!'enbuon OeIHOCTEN BHIEAAETOA MATepuas, nojayyeHuuli »
oxioft wacTH OTKpuTON BanTuky, QHTOMNAHKTOHIOE COOOWECTBO
KOTOpOr'O OpeloTaBJEeHO JHUL OTIHeJLHHMH BHRIAMH.

Bepruxamesoe pacnpejiesieHue MJIAHKTOHHHX DomopocJaeil B
BanrtafiokoM MOpe XapaxTepu3yeTci YMeHBWEHNEM YnclieHuocTi op-
_raunémos 0 HapacranueM IJyOuHH. OcHOBHAA MacCd QHTOIAHKT O~
HA OROHUeHTpMpoBaHA B cgoe 0-20 w (cm. wadj. 1. Maxceewanr
HHE PRJMYHHH YUCIRHHOOTH DBOUOPOCTell OTMEUPHE P RADYHAM OHO”
Bopd (0-6 i), PoSKOC CHRREHME KOJMYEOTRBOUMLIX AdnaATaTedc
QurounaNRTOHA OTMEYERO HMEE CJliul TCNLEPAAYPEONY CRAYKA,
Hpuy POyeHHOOYSs MIAHKTOHHHY HOAOPOGACH I BGUXIUL Galfiv BONL
onpejlesieNAe T0A UX ydacTuem B npouecce GOTOCHHTeAA. YAYMUGHI
OBETOBHX M TEMOOPATYDHHX ycJOBull (Mime TCHMOK.1uNa) Dhsupac:
BAMOTHOE QHHXeHHe MIOTHOCTH (QUTOMIAHKTOHA B IODUROHTAX, 193
[ONONEHHHX Haxe QOTHYECKOI'O QJIOA BOJM. '
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YK S8I.174+4551.46(261.24)
M.H.Ganone

PESYJILTATH IMIMEHTHOIO AHAJM3A
GHUTOILIAHKTOHA BAJITHIC.OIO MOPA
B CEHTHBPE-OKTABPE 1980 r.

[urmeHTHHI Kommiexke BojiopooJiell oyeHs chneuufryeH
5l OTHOCMTGA K YMcay nokasaresefl, YYMTHBAEMHX NDH ONpENeJe—
MK MX cucTeMaTHyeckoro nosoxenua /3/. KavecrBenHull cocras
UMCMEHTOB NO3BOJAET ANeHTHPMUMPOBATE B Npodax Mopcko# BOIH
vlpejpeseniye rpynny sogopocJeldl u oyuurs o npeodnananun Toil
wot MHol rpyund GUTOMIAHKTOHA B JAHHOM Bojoeme. ColepxaHus
[UCMEHTLY CBABHRAKNT Takke ¢ Quanonoruyeckodl M nponykiMoHHOR
AeATeJLHOCTHl Bojopocell, Waydenne KoaMyeCTBEHHHX COOTHOUWE—
Hill MeRLY DA3JMYHEMKH nuCMelTamn UTOMIAHKTOHA (nMrmeHTHHR
GHEUIME) JAET DOIMOKRHOCTE XapaKTepu3oBaTh PU3HOJOIKIECKOS
nyoaHe sofopocaell M ax QASHONOrMYECcKYw aKTMBHOCTE /4-6/,
danaya Haweil padoTH COCTOANA B CJELYWWSM: ONpeleJMTh
NUIMEHTHHHE cocTaB M MpPOBeCTH NUIMEHTHHE aHa/ms QUTOMIAHKTOH-—
Horo coodwectBa CTKpHTOR vacth BanTuilckoro mopa u QMHCROIO
JNBA B JieTHe-OceHHull nepnon X HA OCHOBE NOJYYEHHHX IAHHHX
OXAPAKTEPHIOBATE MHTEHOMB.CUTH HOBOOGDASOBAHMA OPIAHHY8OKO-
ro Bewecrna B JIAHHOM pErHOHE,

MaTepran U MeTOMMKA MCCJeNOBAHUA

Hecaenopanun nposonunn B oeHTACpe-oxkTAGpe 1980 r. .
Ha HUC "Aw-Jar". [lpodu ordupanu Ha I3 craHumsax BeKOBOro pas-—
pesa, Cxemy pacnojoxeHna cranuuit oM. B npeauayuefl crarse
(pre. ;. Jlna nUrMeHTHOTO aHaiuaa Owiao orodpaxo 47 npod BOuH,
Mopokyw BOny (uibTpOBAJM 9epes MeMOpaHsHe uabTpd "Cuanop-3"
(mmamerp nop - 1,5 MKM), NOKDHTHE CJIOBM BaCOa. 0OGneM QriabTpye
Mol Boau cocraBnan 2,0 a. [nrmentHadl cocras ¢uromnnaHkToHa
onpesienaan “eronom Crpukaanpa u llapoona /12, 15/, Cnexrpodo-



TOMETPDHYECKOE H3YyHeHHe aleTOHODHX JKCTPAKTOR IPOBOJILLIL 1O
WSPECORD UV VIS", Pacuyery U0 cOlepHAHWMO NUIMEHTOB DaccHi—
Tupaay No ypaBHeHuaM Crpuxaanjaa u Jlapcona /II/, a Taiie pa-
doyed rpymnu XHECKO /8/. Jlia xapaxrepucTuru Puauosioruyecro—
0 COOTOAHUA M (POTOCHHTETHMYECKO! aKTMBHOCTM BOROpOCJAEil nc-
N0JL30BaJH NATMeHTHHU aHanps @UTOMIAHKTOHA.

PesyasTarTH B ux odcywueHue

JlaHHHe O peByJbTATAX MCCJENOBAHMA NUI'MEHTHOI'O COC
rasa (uromnankroHa Baatnilckoro mopsA npuBenesw B rada. I.
OCHOBHY® MACCY DACTHTEJBHHX NUIMEHTOB COCTABJAET XIODOPILLI
"a", prpaoumli BenyuyD DONB B npouecce (OTucHHTE3a. ITO ONpe
zenser BO3MOXHOOTH MCNOJIBSOBAHMA KOH'EHTDAUMK AAHHON (opMH
BEJIGHOr0 IMIMEHTA B KAYECTBE MEDH [OTEHUMANBHON AKTHBHOCTH
Puronnankrona /5/. PesyneTaTH M3YYEHHA COLEDRAHMA NUIMEH-
70B Quromnankrosa B BanrufickoM mupe B JleTHe-oceHHuil nepuox
1980 r. BUABMIM BHCOKMe A BanTHKM KOHUeHTpauun xaopodmnne
"a", HOJMYECTBO JNAHHOI'O MUI'MIHTA B HAITAJNOKJMHHOM CJIOE BOMIL
cocrasyser or 0,33 jpo 2,59 Mr/M3 B OTKpHTOH yacTu Dajruiickr
mopa M or 0,63 mo 5,02 MP/M3 - B PUHCKOM 3ayube. PHCOkke ¢
kKasareyu comepxaHna xjopofwuia “"a" B OTKDHTOH uacTH BanTiki
oTMEeYeHH Takxe ocensw 1972 r. (0,3-4,5 we/d) /67 u 1974 r.
(0,2-5,0 MP/MSI /9, 1I0/. Koxuenrpaima xuopofwuia "a" B no-
BEPXHOCTHOM IODHSOHTe MOPA B ceHrTadpe-oxradpe I980 r. xapa:
TepusyeTcd WMPOKAM AMENASOHOM KoJedannit B OMHOKOM 3aMBC —
or I,I6 (B BooTOuHOM YacTm 3aimpa — cr, 2) mo 5,02 Mr/n°
(B sanamsofl yacry sanmpa - cr. I0) M OTHOCHTENEHO ya3Kim -
B OTKpHTOH yaoru Banrmilckoro mopa - or 1,56 (cr. I4) mo
2,59 we/m3 (or. II) (cM. TA0x.). CDABHMTEJBRO BHCOKHMMH KOH-
neHTpaimami xaopofuna “a" xapaxTepusyeTCA KAK HIKHAA, Tax
i BEDPXHAA IDAHAUA nﬂrbpngna duiykryaumuil, OTHOCKTENBHO BHCO-
KMe [OOKASATeNM cojeprAHMs xjopofwuia "a" B Baarmilckom mo-
pe B ceHracpe-okradpe 1980 r., ocodenso B sanamiod wactn
Qunckoro saumsa (c¢r, 8-I0) u cemepHoft.yacTH oTkpuTod Banru-



Teo agya
IArMeHTHRA COCTAR QUTOMJAHKTORA BaNTwmiickOrO 1:0DA B CeRTAGDe-GKT/ACpe 1920 r,

Jlara e;réﬂ— Topn~  Xuaopo- ZXropo-  Xuopo- Xaopo-  Qeonur— Xunopo-  IIuIife)itHmi
139 30HT, L ]éJ‘!J'I @lgﬂ’.‘,“[ QA lJeH?Lé » g‘ﬂc‘l{‘b‘l HHIAEKC
" Mi /';3 /i3 urﬁﬁs ar/id e/ ogo- D 430
HuIN e
Agn @D, 565
I 2 3 4 5 6 7 8 S 10
25.1X . 8 0,5 2,87 0,00 0,00 2,87 3,95 - I,
‘ 5 1,3 0,00 0,00 1,35 0,00 - 3,75
20 1,00 0,00 0,29 1,29 0,77 G,29 3,22

' %0 0,00 0,00 0,00 G,00 2,27 - -

9 9 1,58 0,35 1,29 3,23 2,14 0,81 3,27
25 0,42 0,19 0,57 1,18 0,29 1,35 5,50
: 70 . 0,09 0,13 0,34 0,56 0,19 3,63 8,00
26l.IX 10 0,5 5,02 0,86 2,28 8,16 2,24 0,46 2,48
' -5 3,92 0,73 1,65 6,30 2,19 0,42 2,72
20 0,63 0,28 0,85 1,76 1,12 1,35 4,33
~ .om 0,00 0,00 0,54 0,54 0,45 - o=
27.IX 11 0,5 2,59 0,65 1,68 4,92 - 0,85 0,65 2,54
5 2,24 0,80 1,30 4,34 1,20 0,58 2,81
27 0,33 0,05 0,23 0,61 - 0,II 0.70 4,67
80 0,09 0,10 .0,88 1,07 0.C0 9,58 8,00
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OpoXoxXxXeRrHue

TEONXAION

I -2 3 4 5 8 7 9 10
27.IX 12 0,5 2,17 0,46 1,11 3,74 1,01 0,51 2,60
.5 I,%. 0,3 .. 0,83 3,15 0,64 0,42 2,78
_ 70 0,09 0,13 0,34 0,56 0,19 6,07 7,00
28.1x 13, 0,5. 1I,% 0,3 0,83 3,16  0,I9 0,42 ?,44
. 5. 1,10 "0,13° 0,63 1,86 0,05 0,57 2,50
20 0,42 0,19 0,57 1,18 0,75 1,35 4,00
- 100 - 0,09 0,13 0,34 0,56 0,19 6,06 8,00
- 14 . 0,5 1, 0,00 (,4aI 1,97 0,35 0,28 3,21

-5 1,42 0,18 0,86 2,46 0,00 " 0,60 2,69 -
.20 0,65 0,II . 0,46 1,22 0,21 0,70 3,17
: 100 0,09 0,13 0,34 0,5 0,19 3,69 8,00
29.IX IS5 0,5 1,9 0,37 0,83 3,16 0,I9 0,42 2,78
5 1,90 0,24 I,14 3,28 9,21 0,60 2,85
20 1,84 0,41 0,8 3,13 0,45 0,48 2,65
50 0,86 0,20 0,79 - 1,85 0,59 0,91 3,25
100 0,09 0,13 ° 3,3 0,55 0,19 3,69 5,00
16 0,5 2,05 0,50 1,17 3,72 0,38 . 0,57 2,42
5 1,84 0,4 0,66 3,I1I. 0,00 0,47 2,59
20 2,03 70 1,02 3,84 0,63 0,50 2,53

SG



OKOHUYAH te Taoinyuy

T 2 3 4 5 6 7 8 9 10
29.1X Is 50 0,09 0,13 0,34 0,5 0,19 2,69 7,00
180 0,09 0,13 0,34 0,% 0,00 3,69 - 7,00

10.X 22 0,5 1,77 0,04 0,00 I,91 0,27 - 2,13
5 2,17 0,46 I, II 3,74 0,% 0,51 : 2,55

30 1,17 0,47 0,82 2,46 0,69 0,70 2,64

40 0,30 0,23 0,62 1,15 0,1 2,05 3,67

80 . 0,33 0,056 G,23 0,61 0,00 0,70 3,67

26.X 1 0,5 2,40 0,34 1,64 4,28 = I,89 0,64 2,36

: 5 2,64 0,30 0,89 3,83 I1,% 0,34 2,33 -

25 1,2I 0,08 90,57 1,87 1,60 0,47 3,27

2 05 1,06 0,00 0,00 I, ;6 1,87 0,00 3,20

: " 5. 1,54 0,08 0,26 1,98 0,80 0,17 2,57

3. 2,10 0,12 0,92 3,14. 3,55 0,44 2,89
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ku (cr, II-I2), CBHUETBJALCTBYOT O BHCOKMX NOKA3ATENAX HOJLI-
yeorBeHHOro coorapa (uMcaeHHOCTH ¥ Ouomacch) QUTOMMANKTOHA,
CxasaHHOe NONTBEDXINAEGTCA DESYJALTATAMM NCCJEHLOBAHIA CTPYRTY—-
HHX - noxasaresel guromnaHkToHa RNAHHOrO peruona (oM. npejwny-
myL oTATHV), HAaumeHbwee kosuuectBO yuopodwiia "a" oTmewenro
B BooTOYHOHl yacTy PuHcKoro amumea (cT. 2), HA ceBepe OT O-Ba
Pornarn (or. I3-I5) i B owmioft yacTu Bairifickoro mopa (cr. 22),
9T0, OYEBMIHO, OBA3HHO ¢ ce3ouiol cykueccuell mronaanxrona.,

HeoOxonumo oTMeTmTh, 9TO CMeHA JeTHell accoumarsu duro-
[VIAHKTOHA HA OQeHHI® BO BpeMA akcneaum (B CRA3M C MpPOLOA-
EUTENEHO0TE pellca ~ ¢ 25.IX 1o 26.X - n GoablinM MHTEDBANAL
BpemeHn ordopa npod) He MO3BOJULIO YCTAHOBMTH YeTKNX TEHIEeH-
uult B pacnpemesexun copepxaxua xiopofunasa "a" no axkpaTopiy
mMopA, HMewueoda B JuTeparype CBeleHMA O ToHNeHUAY NhocTpal-
OTBEHHOI'0 PACAPANENEHNA 00AepXaHuA xnopofmana “a" no axparo-
pun Baatullexoro Mopa BechMAa NPOTMBOPEUMBH, PANOM ABTOLOD BU-
ABJICHO YMEHBUIEHHE KoauyeoTBa xiopodwwra "a" » wiHOM Hanpap-
aesun /2, 7/. WMEDTOA NAHHHE O NOC/EMOBATEJBHON CHKENNI
KOHUeHTPALAK XxJaopofwa "a" B cemepHoM xanpasgesun /6/. [lo
maeHn®w A.K.OpxoBoxoro /6/, sHauNTeNBHAR EMIJUITYNA CEIOHHHX
xonedaxull KongearBa xjopodmina sarpynHder andhenesupanuo
AKBATODNH MODA 0O 68 MPOINYKTHBHOOTH.

B BepTHXKAJLHOM paonpemesesun xJjopofwia "a" nosropawr-
A BAKOHOMEBDHOOTH, OTMEYGHHHE NDM AHAJNIB8 KOJWYECTDEHHWX
nokasaresefl (YucreHHOOTH, OHOMAOCR) GUTONMAHKTOHA. HauGoab-
wee oonepranue xjopodmina "a" BHARNEHO B caoe 0-5H u, B 647
0JIy4yaeB MAKOMMAUIBHHE KOHIGHTDALMRA NAHHOI'O NUIMEHTA OTMEeYeiH
B ropusonre 0,5 M. Jlanee oselyeT nOCTeNeHHQe CHHRCHIE COnep-~
Ranf xaopodunna "a" 1o PepxHell TDAHELE TepMOKJIIHA, HMES
0JIOA TeMOepATYDHOI'O OKAYKA OJEeLyseT De3KOe OHIKEHMUE.

Haymuue B npode name donpuoll xoHueHTparwn xiaopodiiia
"'p"  ykasHBAET HA NPHOYTCTBME BejeHHX Bojopocsaefl, Komu-
4eoTBO xJaopofuna " b" B foruyeoROM 0J108 OTKPHTON yYacTn
Banruxn ooorasnager 0,00 (or.I4) ~ 0,79 (or.I6) MI‘/M3, B
@uHoxoM samBe - or 0,00 (er. 258) no 0,86 (cr.10) me/wd.

/3
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Magcumaasliue KoHuelrpama xjaopojia " b" oTMeyYeHd B [10-
peUXHOCTHOM cJa0e BOAH. HH3akie noxasaresu golepwanusa XJopo-
uuina "o p rpodorentom caoe Basrnilckoro mopa cBuleTeJb—
CTDYLT O BTOPOCTENeHHOM 3HaveHlM npejcrasuretell rpynnd
Chlorophyta B CTPOCHMM cooluecTsa JeTHe—-0ceHHero guro=.
IWIGiETOH::, B oTAensHux palloH”X MOUs HaopaeTcsa TeHIeiLisa

K NONWLERNOLY conepRaHnn xaopouina "b" o cpanBHeHUK

¢ HNCASHIOCThe) 3eseHHK Bojop.caeld Quronnankrona, 0yeBUJIHO,
ATO BUIDAHO NLNCYTCTBHEM B NOBEPXHOCTHHX CJOAX MOPA 3HAYN-
TeJblilX KOJHYECTB MEJKUX KIYTHKOBHX — Jio 753,4 Mr/
(cuendeBsBewetian Guomacca B cnoe 0-10 M), ocHOBHaA macca
KOTODUX COJEPKHT NUIPMEHT XJCDODMILA.

Cojiepranie xaopofuina "¢, cBuueTesLCTRYOUEE O  IpW -
CYTCTBIUL JWMATOMOBHX Bojpopocell B ThonuyecKkoM cJoe BOJH OT-
KUnToli yacrn Banrnilekoro mcpr, cocorasaser or 0,00 (er. 22)
1o 1,68 (er, 1I) ne/wS . QuHcKM 3B xapakrepnayerca Go-
Jdee BuCOKIuM foxasarensawa xuapofmuana "c": 0,00 (cr. 2,8) -
2,28 (cr. I0) wre/v3 (em. Taca.).

Juts XauakTenNCTHIN COCTOARNA (IMTOMIAHKTOHHOI'O coo0WecT—
Ba HEOOXOAMMO YY#THBATE MNBHHHE O cOlNepXanun (eonurMesToB -
npoayKTo8 pacuaua xjopoduia, KoauyecTBO JAHHMX NUIMEHTOB
B bantulickon move 3a xapakrepuayemull nepuoji KoJseOJerTcA OT
0,00 o 3,95 ur/mMe (e, Tadm.). Conepxanne (eonurMeHTOB B
oTKpuTOll yactin Banrulicvomo MOPA CONOCTABUMO C COJIeDKAHUEM

WO q Mat OI M
xnopoqruniia "ac. CoorHomweHne X0 pODILLI "2 "+ 06 OATNEITH B

nopepxHoeTHoM (0,5 M I'OpH30HTE OTKPHTON yaoTw MOpPA He NpEeBH-
waer 307%. loBHueHHOe cojeprasue (eONNrMEeHTOB MO OTHOUEHHD

K xJopoQiiuy "a" ormeye o B QuHCKOM 3aJsmpe. KosmuyecTBo (eo-
[BICEHTCY B NOBEUXKOCTHOM IOPM30HTE BocTOYIONR M sanapHoll
yacTeli sanuBa B GOABUMHCTEE CJIYYEeB [PEeBHWAECT KOHUBHTPAILMH
xio ofiia "a" (cm. rada,). KonueHrpaums QeonurMeHToB coc-
raBaser 50-63% oT cymwu xsopofun "a" 4+ geonurment, Cpas-—
HUTEJLI0 OoJLoe Ko/myecTBO (eonurMeHToB B OMHGKOM 3aJbe
cBilleTenbCTBYET 00 MHTEHCHBHOCTH Dacnaua xJgpofuwiia, nore-
DI Quanosornyeckoll AKTMBHOOTH ' [UIAHKTOHHHX B' 1opocaelt, uro,

® 1o pamwn 3.E.Gollkonoli,
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0YeBUIHO, OBASAHO 00 cTapeHMeM OlpelleseHHUX nonyaaum:l duro-
[UIAHKTOHA BOJENCTBMe CMeHH JeThell accoumaimy qTOLeHoZd HA
OCEHHIW, )

[okasaTejAMd, XADAKTEDHIYOUIMM QHIMOJIOIHUCCKOE COLT0-
fIH..e ® QOTOCHMHTETHYECKYW AKTMBHOCTH (PUTONANKTOHN, ABJIANTCH
COOTHOWSHME MEXIY KOHUeHTpauwtAamu xjaopodmuna "¢ u xsaouohuni
"a", A rTaKMe IUCMEeHTHNH uuuexc. [TOHHYEHHONMY COUEDRUHNK XJC-
pofmana "a" B rOpU30ATAX N0JI TEePMOKJMION COOTBETCTRYCT YBe-

xJopodunn_"g" - N .
JMYEHHE COOTHOWEHMA  S5Feri s (3,6-9,6), 4ro yxa

SHBAET HA SATYXAHME DPASBATHA IWANKTOHHHX Boycpochell i cuu-
Kenue ux HOTOCHHTETHYECKON AKTHBHOCTI! B HMEHIX ICPIAOHTLX
MOpA. OTHOCUTEJIEHO BHCOKOE cojepkanue xaopofna "a" n ro-
pusoxrax 0,5 n 65,0 M, no cpaBHenun ¢ xaopuuuuiom “¢", cRi-
JleTeNscTBYeT 00 MHTeHCUBHOHU HOTOCHMHTETHYECGKON 2KTHDHOCTH
BOJiOpOOJiel B MNOBEDXHOOTHOM  cJioe BOOH.  DeJsyiHa cooTiio-

" "
weHnA xnopg%una "a" B 0-5 M cso0e BOJW KO.MPGJSTCA  OT

0,00 (or. 2) no 0,81 (cr. 9). MAKCHMANBLIHE NOK&3ATEIN CO-
OTHOWeHMA MAHHHX OUTCMEHTOB OTMEYEHH B BUGTOqHOH YAaCTH Q-
OKOIO SAJMBA, uTO nonrnapmnaew Mucna o HOUTA MM JarTnpos (poa-
M09ﬂuwx npouecc HOBOOOPHBOE&HHﬁ OPramiyeckoro BelecTHA. Ann-
JIU3 [ACMEHTHHX CHCTeM nonopocnen Lanrulickoro mops no3BoaA-
T YOTAHOBUTE HEROTOpDOE YXyuolue QU3NOJIOrKHecioro cocTomi-
HMA IJIAHKTOHHHEX BomopocJedd B sanauHoll yacry OuHcKOr'o 3anmi-
Ba (or. 9) M 00 PeJMYMHe MUIMEHTHOro milexca ‘430 /1/. B

65
BepPTHHAJILHOM DAclpeneJJieHiit OTMeYeHO [lODHUeHNe INAaHHOI'G NuKa-

SATeJA NPY YBeJMYeHuY IVIYOuHH, B PODUBOHTAX, DACNOJOREHHHX

HMK8 OJIOA TEeMNepATYPHOro ckauyka, jgadunll nokasarens cocrosn-

Hua BojopooJielt cocrasaser or 3,3 (er. I5) no 9,0 (cr. 9).

B rpoforestHoM cJos BOIN O0OOTHOWEHNE X ropasio Hixe
65

(1,7-5,5), ur0o, BepOATHO, CBA3AHO C MHTCHCHBHUM NPOJLYIRYC-

BAHWEM ODIAHMYECKOr'0 BeuwecTBa B (JOTHYECKOM CJIOE BOML.
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OPEANCIOBHE

Fanmafickoe Mope cO cnad0 BHPAXEHHHMH OPUJMBAME ¥ OTAHBA-
ME B OTHOCHTOJLHO HE3HAUHTENBHHM BONOOGMEHOM C OTKPHTHME MOpA-
MH W OKOAHOM [ONBOPXEHO YCHJIEHHOMY 3aAIPA3HEHAD, O0COo0eHHO Y Ce-
perop, BOJM3H HACEJIBHHHX IYHKTOB M MOPTOB,

[pudpexnas 30HA, OrPAHMYEHHAA [0 CBOEM pa3MepaMm, ARJAET-
CA omHUM u3 Haudonee yAsPEMEX palioHoR MopA. OHA MHTEHCHBHO HC-
Oosb3yeTCA LA OTIOHXA, & TARRe IIA CTPOHTENLCTRA, PHOOJOBCTBA
B cynoxoncTea. [loaToMy oCTpO CTABHTCA BOMPOC O COTARCORAHHOCTR
HapomHoxosaflcTpenHoR neaTenbHOCTA ¢ oxpaHolt oxpyxaomef# cpemu,

IHoyTUIyOR TeNBHHE PAadoTH - PON LEJNeHANPARJNEHHOI'0 OPraHE-
30PAHHOI'0 BO3NGHACTBRA YENIOREKA HA ORpyRADNYD cpeny. Taxkwe pa-
60TH ¥ OTBPAJ TPYHTA B MOpPe OCHYHO MPHBONAT K ImamyeckuM, Xuma-
YOCKHM B CHOJOIHYSCKAM M3MEHEHHAM, KOTOPHE® MOTYT OHThH MOJOXH-
TeNLHHMA, Ce3BPeIHHME MJA BPOJHHME, B HAacToAmee BpemA LA CO-
XpaHeHUA B MopcKoM KaHane y Kualtnmemckoro MOpCKOro TOprosoro
NopTAa TAYOHHH He MEHEe D M HeOOXONMMO TPOBBIEHHE PETYJAPHHX
THOYTAYOH TeNbHEX pador. OTBAN BHHYTOI'O IPyHTA HA MOpCKOR cpan-
ke oxono Kaaftnenn B odneme 75,56 THc. M~ OWJ NMpoBeNeH B Mepmon
¢ I0 nona no 10 moma I9B7 r,

Ocodyn TpeBOr'y BH3HBAGT SKOJOTHYECKAA CHTyAlMA B Kypmcrom
samBe Banmaiickoro mopa. K HacToAmemy BpeMeRd BOJM 34MBA OT-
HOCATCA R Me30campodHHM, A B DXHOM YACTH - K [OJMMCANPOCHHM,
9sTpofuporannye BoxH wepes yskuf#t KnaltnenckwR nposme nocTynaot
B OPEOPeXHYO 30HY MOPA, yXYMUAA TEM CAMHM KAY6CTBO BOMHHX 3KO-
CHCTEM,

JIna ompeneneHna cocToAREA quropd B fAyHH B KAYECTBA BOIM
® I'pydTa B npuopexnolf scHe ot Upanroftm mo Knatnemy neodxommmo
OHJIO OCYMEeCTBMTH CJENLYyDmes:

I) BuABHTL ocodenHocT™ (OPMADORAHWA TMAPOXHMHEYIECROrO pe-
XAMa;

2) yCTAHOBHTh 3AKOHOMEPHOCTH DPACTPOCTPAHEHWA MEKPOOPra-
HA3MOB, fMTO- M 300IIAHRTOHA B TOJME BONH;

3) PHACHETH KOJHYECTBEHHOS ¥ KAYECTBEHHOE COCTOAHHE OGeH-

Tofayuu;



4) moocxeZOPATE PACOPOCTPAHEHRS TAXENMX ME@TAULIOB B I'PyN-—
TAXx;

5) xaTh OAHE TApHMO-XHMEYEOKYD ONEHKY KAYECTBY BONM.

Hacroamee ECCA6MOBAHHO ARAASTCA HNPONOJREHEGM padoT, Ha-
gamix B 1978 r,,no WayyeHAD BJAAHAA OTRAAA T'PYHTA MPH JHOYT-
XYOE TEABHHY padoTAX HA COCTOAHH® Npudpexxoll mopckoR cpenw.

Peaxroxxeruna



I. MATEPMANL M METOIVMKA HCCJENOBAHWH

Marepmax IJMA ONPeNENEHEA IEIPOXEMHYECKEX, MAKpPOCHONOIH-
98CKAX H OHONOIEY6CKEX NOoKasaTensfl BOOIM N I'PYHTOB W CONEpEA—
HAA TAMBJHX MBTAJIOB B IpyHTax Own orodpad 7-13 mona 1986 r.,
28 morA-I mona ® 22-24 asrycra 1987 r. [fpodd BogH ¥ IpyHTa OT-
Oupaym B nprdpemHoft 3oHe bantuifickoro mops ot Knaltnemu no limAr-
Tollm Ha cemm paspesax, B pafione ortpana rpyurta Kaadtnencroro
nopra Ha nAaty craHmAx (pmc, I). [podH ordmpams Ha 5-, 10-

# 20-M m300aTAX HA COOTBOTCTBYDUMX ropm3cHTax - 0, 5, I0 m
20 m,

Tuppoxnmea. [podd BOmH AAA THAPOXHMEYECKOI'O AHAIM3A Gpa-
ym ¢ ropuopoft wacT cymEa B datomeTpax EM-48, OcropEas wacTs
napamMe TPOB ONPENSJAANACh Cpasy, HA COPTYy CymHa, A COJNGHOCTh H
OKHCJIAOMOCTh - B CTAIMOHAPHOR nafopaTOp®ME NMOCAe OKORYAHRA
pefica, Onpenenenme IMIpOXWMRYSCKEX NOKazaTanef mpoxomssno cor-
nacHo metomakam /40, 41, 44/,

Tamemie MeTa/IH. MeTawm, KOTOpHe HOCTYNADT B MOPCKHE
NOHHHO OTIOXEHHA B PO3YNLTATO JIAIPASHOHMA, HO BXONAT B CTPYR-
TYpH CHJIHKATOB, NOBTOMYy OPHE ONpeNEJEHNH EX CONEPEAHHA B JCH-
HHX OTJOXGHHWAX MOCTATOYHO OIPAHEYATHCA odpadoTkoff npod omuoflt
a3zomiolft xmcnorolt /27/.

B ocHOBe onpeneneHRA COASPRAHHA METEJNIOR B JIOHHHX OT/IO-
REHUAX - COOTBOTCTRYOWME MeTomMim /27, B0/ c HeROTOpHME HaMe~
HEHHAMH B SABHCHMOCTH OT IAHHHX JaadopaTopHux ycaopsfi, Cto
IpaMMOB 00pasiA B KBAPUEBHX THIVIAX CYNHJR MR TeMuepaTtype
B0-85%C B Tevense 24 ¥, M3 KAXTOr0 TOMOreHW3HPOBARHOLO odpa3-
na dpaym 1o 5 r BHCYmeHHOI'O MATEpPHANA, NOMOMAJA B KBADIEBHE
TRIVIH, NOGABAANE MO 25 MA KOHI|EH TPEpOBaHHON HNO, W Harpema-
JH J0 pacTBOPeHRA cosell, 3atem mpody oxaammsum, GMakTPORAE
98pe3 KacaoToynopHHR ¢uasTp m pasdaBAANHM IHCTHLTRPOBAHHOHN BO—
Jo#t no odsema 30 ma,

Onpenenenue UPOBOMEAN ILIAMEHHHM ATOMHO-80COPOLMOHHHM Me-
TONOM Ha cHnexTpopoToMeTpe  AAS-I.

Bce H3BOCTHN® CHOCOOH ONPEABAEHHA PTYTE B MOPCKAX MCHHHX
OCAILRAX OCHOBAHH HA 68 SKCTPAKIMHE CMECAME CHNBHHX MEHOPATEHHX



L

\\0
Chaaka .'Eh
2PyHMap oy

b

\
\
\

oy

-

Y Kapkaumkati

\

|
|
|
'
\
\

VIl Kaatineda

Pro. I. Cxema cdopop npod (pumckuma uafpamu odoa-
uaqeam Pa3pesH; KPyRKAMH - CTAHIEH HACTD-
e HH



T o e T NOINONTHY TOTOPE CORMMAOART PTY T 7ii=17

noswweHyof! JAOTYYEeCTH.
MHOroOYMCNeHHNE KCCAeNoRaHKA MOKA3MUM, 1TOo R Hawdoaee a]-

JexTMRHNG CMeCH INA SKCTpaAKM¥ OCA3ATENBHO NON%EeH BXOINTh
ATOM XJIOPA, KOTOPHHA B CAMOM Tpouecce NperpamaeTcqi B CBOJOIHHH
xa0p. locaemuufl GHCTPO M, IIaPHOE, KOMMYECTReHHO pa3pyLasT
RCce MMEOMMECA B OCANKAX HEOPraHWyeckre ¥ opraimyeckue oy
PTYTH ¥ MEPEeBONMT I'X B PacTROD.

‘Hawayqwei cMecbl0 TAKOTO THNA ABJIADTCA !{2304—152303-4&1
P NPUCYTCTBHM KMnO,  u 1,5,04 /35/.

Bce peaysabTaTH BHDHXEHH Ha CYXY© Maccy TPYHTA.

llobepaTensiiil WHTepnan (toi' S3) AnA NI MPENeHHEX MeTAn-
noB e npepnmoan 15-20%.

hukpoopraunami. ilpo6H BOmH IAA MUKPOOWOJOTHYCCKNX &H:UNi-
30B OTCHpANH R CTEPHJbHHE CKIAHK! CO CJABRYOENX I'OPi3OHTCR -
0, 5, I0 » 20 m, Mpodu TpynTa #3pjAeKam: AHouepnatenem Sai-Brha
¥ noMewan: B CTeprJbHHEe CTewuAHHHe Tpyow. Hukpodrwonoridvaczo-
vy anar 3y nomepramm pepxuufl (0-3 cm) rpynronull cnoii. Bcero
odpadotano 70 npod npomw n I3 npod rpynTa. Ompenensamt cheirio-
uMe NMKPOOUOJOIMYECKHe MNoKazaTesy: oduyw wicheHiocTs ¥ O1o-
Maccy GakTepiulUlaHKToHa, KOMIYeCTRO campofuTHiX CxTeprit n
KOJM-MHIEKC. ‘

Odmee KONMXYECTRO G2KTEPHOMNAHKTOHA OMPENEJIAIN METOLOY
NPAMOrO MAKPOCKOMAYECKOTO YYeTa HA OKPalleHHHX MemOpaHHuX
yasTpafuaeTpax ("Cunmop™; mamvetp nop - 0,23 uxu) no vercLy
A .C_.Pasymora, KomnyecTro Gaxtepnit P POne paccyy TWRaM No JCp-
mynan /38, 39/, a dakrtepnanpiyp ¢rovaccy - no ocweld yicreskos-
™ Gakrtepull U cpemiemy odmeMy GAKTEPHANBHEX KIETOK.

Ilna caHy TApHO-GOKTEPHONOTAYECKOA XAPAKTEPMCTAXN FOIH
J TPyHTA WCNONBIOBEJM CANpolMTHHC CAKTepM:, pacTyuine Ipi 20°
n 37, u Gaxrepan rpynm¥ xmwewnol nagouxy /14, 70/, jun Ru-
paunpaina ¥ yyeta canpolwmHux daxTepuil ncioasaonany ATapy3c-
BaHHY cTauaapmiyo cpeny PIA (pudonentomnwit arap). Eaxrepu:
TPYNNH KULewHol NanoykH ONpPeNesANNCEH Ti TPALNOHHEM MeTCHO!.
MeTton srxumoyaet 3 3rtana: 1) sarorenae BIWI wa rawrcaoneitcn-

2



AL T NATREATT TN FTERY TIRRGT 1) AD@asa A T TATa k-
Hro cpany ¢ minsxatopor: KPP (roed roaycoit 1 poaononas ¥nCao0-
Ta) @ rroxodofl. Ma xolewioM atane Hamiuke pocTa cdaxtepail on-—
FeneIr)nl 0 H3veHeKAD UPeTA CPeaN ¥ razocodpaaoranun.

o

“uTonizixTor. [lpodw momw mid anaymaa (W TOILIAHKTOHA OTCH-
raTn catosaTpod Lil-48 pa craMnapmiHx ropmsonrax: 0,5, 5, IO
20 M. D 1SS7 r. (WTOMIAHKTOH ONPEREeNAJM B JHTeIPHPOBAHHNX
nrpodax, 2280 - o romwaoHTaM. LA MOHIEK TPUPOBAHNA 1Mpod Mo-
NOABICHAAN MEeTON 'i‘n.lm‘rpmcm C NpwMOEEeHASBM INAac TUKORNX IIMJ'H:T—
son ¢ saeyvoell oépadetkol (P = I.Qfl; CKOPOCTL (ML Tpaimyu -

56 a/tmmicer®). B rkavecmn woHcepsanTa npumered 40%-uult neliTpa-
JOI3CFAEEEL  OPMAMIHE, Gepell OnpefeneH:eM BOXOPOCHM odpadAaTHRA-
IV, JOCTEOPOM JOrONA, NONKICAOHHNM YKCYCHOJ kwcaoToR, uTo of-
SOTHRET NOACYET M OMASATH(YKAIMD BANOB. AMama Nnpoé MpOBOMMIR
3 Kawey ! liaxota npa ypemmuendu - 160 u 64C pas.

CTrLesos CHIe PRLOPOTO cocTApe, ofiel yvcaeHHOCTH M GXomac-
CH ILTAHKTCHHEX BOROPOCHSH} NMPOBONYJM B COOTDETCTBMN C PEKOMEH-
LoiiEMs. G305 Onesorop raamailckoro mopd /67/, 3a WCRADYEHKEM
1eToNA KOHUeHTPauky npod., Ina onpejeneddda BHNODOTO COCTABA
lvTorralKToNa V.CNOMLAORAHH OnpejeanTenu Mopckoro /64, 66, 68/
¢ npecHoroztoro GuTtongankrowa /6, 10, 18/,

TomcyeT cur 3esieHUX ¥ KOJAOHAENALHHX ((OPM 3@JEHHX BORO-
pocrnell nporomk. 10 HUTAM WDI KOJOHAAM, OCTANBHHX (OpM BOAO-
pocned - 1o kaeTkam /67/. “_icaenHocTs Bojopocaeli EMpaxam
D MU, CUETHHX enmmu/ms. 6uonacey - B mMr/M”, 3a nepuopn wccae-
noranie cOpadertaiio 116 npod duTonnankToHa,

3o murankToH, (fpodH sooinanxToHa cofpan dosbuoll ceThn
ir-2. UeTh ONJa W3IOTORJMEHA W3 CHHTETHYECKOrO BOJOKHA, pas—
rep fsyell - 0,076 wr, RomiyucTpeldHil yvyeT OprasuanMoB ITPOBOIMJIM
npit NMOMOTN Xerepd LOropora. J00MMAHKTOH OTJAARMBAIM MO I'OPH-~
aonrtam: C-5, 5-IC u 10-20 M, Becero Owno codpaHo u odpadoTano
144 m, >om,

Lenzoc, ilpodu oroupamt nxowepnarenem Ban-Buma, miomansn
saxprarta - 0,05 M‘e Codpanruit matTepuan odpadaTHBaM 0O IpeLIO-

xeHHoll MeTomike GanTtrilckwx Ononoros /227,



[l IVJPOXMLYICKAGL XAPAKTEIV.CTURA [FRITEEON e T
EANTMZCKOIO NOPA B PANCHE JUIAMIRILAUDBI1T0. A

Ha mporux yyacTkax npudpexinoff vacTH Mopa ypespruailio re-
JIMKa AHTPONOreHHAA HArpYy3Ka Ha oxocucTeMy. K TakuM OTHOCUTCR
yvactox Knaftnena-lipanrtoitn, rme B I986 u I9B7 rr. nporomiTios
necaenopranus na HWC "lisurrtapenpa”. B aTowm palicHe Haxom:Tcs
donsmo#t nopr - Knadinena (npomsunenuue 11 GHTOBHE CTOYHHS ECMY,
sarpA3Henye HefTAHLMA yTJAEBOUOPOJAMA W T. M.), ¥MECT MECTO
SHAYHTEMBEHAR DOKPEAlOHHAA HATrpy3Ka; B npudpesuuil ywacrox wo-
PA MOCTYNamnT JIOBOMLHO 3ATPASHEeHHWe Bomd Kypmckoro aam:pa u
HedoMBmAX PeveK; JJIA OGEecCrevyeHUs CYNOXOICTBA OCYMEC TRJLOTCH
JHOYTUyOH TeNbHHe PAG0TH, BCAGUCTBYE KOTOPUX GOJmNOe KOy 4ecT-
BO TPYHTA BHCHNAETCA HA CBAJIKE HANPOTHB noc, I'upyanil uwa 20-u
naodare, ,

ConenocTh_u_Ttemneparypa. B navane yima 1986 r. wa I-m
n [l-m paspesax B cn0e BOOM OT NMoBepxHocTH no ruydnmu 10
HAGJONA"TCA MpakTHYecku nomHas romorepwmua (puc, 2,a). Kanee
ll-ro paspesa, T. e. Mo HampapneHaw K Kriailneme, npocaesiipaatcA
YRe 4eTKO BHPaXeHHAA CTPATH(WKALNA BONHHX Macc, linxcymanbhuuil
BEPTHKANBHHA .pa)menT Temmepatypy nadmoxaercs Ha 20-M 306a-
Te Yil-ro paspesa ¥ Ha Iq-n u I1-# cramumsx cranxw, Tie ol
JocTATAaeT 0,43—0,5900/1.1. [IpuunHoll aToro ABAAMTCA NOEYTeHHAA
CONEHOCTh M TIORNIGHHAA TeMuepaTypa Roji Kypuckoro samipa, Ko-
TOPHEe HAnpaRrJeHH BIONL depera B CEeRepiy® CTOPOHY. LOROALHO ya-
xaa nosoca ompecHexHux Bon Kypuexoro aamea (conenocTts <5,5%.)
npocnexuBaeTCA MpuMepHo mo IY-ro paspesa (pre. 2,4).

DenencTsve BeTpa ¥ TAYOMHHHX M IIOREPXHOCTHHX Tewer:i na
Yll-m pa3spese B paftone 20-m n306aTH OGPA3ORANCA YyacTOK PO,
Ille TeMnepaTypa BCEro BOEHOTO caoA npumepro ua 3°C wume, vem
B OKpymaomtx pafloHax, a CONEHOCTE EWWe, OCOGEHHO HA NOPepX-
HocTH - 6,90%, no cpakdeHuio ¢ Guuanexamimy cTaHumAmu (i 6 n
9) - 3,85 » 4,I2%,.

B xoHue wiona 1987 r. p wccnenyemom pailoHe HadaonavTtes
HeboNbm#e BepPTHKeJbHHEe TpalMeHTH TeMNeraTypd (pHC. d,a). lia
yuacTkax, Tle BHABRJeHO BiuAnMe Boj Kypuckoro sasmpa, RepTi-
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¥ 65

i ¢ .npyroll CTOPOHH, MollallaHie B BOLY A/IOXTOHNHOI natTorenHoli
.'[lmxpotlmopu npencTasjifeT YI'Po3y HOABJEHWA ¥ pachpccTpaileHus
- MHJBKIMORHNX 3adoneBanuil.

;,.. 3 llogBoma ¥TOI' MSJOKCHHOMY, CJENYeT OTMeTATH, YTO YPOBRHUEL
, "'pasBuTHA MAKpofuopd B paitone llpmiToiin-Knaiinena smeasercs Pu-
» COiIM ¥ COOTE@TCTBYET TAKOBCOMY ME30TPOGHHX BOZ, MecTamy o

i MpU3HaKkaMy 3BTPOJHEX, CaHMTAPHO-THTIMEHAYecKkoe COCTO Hie BOJH
N0 XOUM~-YHLEKCY B npudpexmdoit acHe ia paccroaHan 0,5-1,0 wwim:
oT depera B 25-44% CJydaeB He COOTBETCTBYBT CAHNTAPHHN iHOD-
Mam,

Oy TOIIAHK TOH

PeaysbTaTd MCCJENOBaHNA CTPYKTYPH dMTOU 1038 NMPHOPeRHoll

- 3oy Banmuiickoro mopr B paitore lipsurolwiCnaltnena » ¥ a ¥ a-
ae anetra (7-I2 youa) 1986 r. cBNAETENLCTBYOT © HEPABIO—
MEPHOM paCHpelieNieHnd IUIaHKTOHHUX BOXOPOCKeH MO AXDATOPM 13y-

“yennoro permona (pue, 20,a2; tadn. 5). Odmas wcnennocTs 1

: duomacca® MUKPOCKOMMYECKIX Bonopocseil nro-pocTovyHoll YyacT:

- npudpex+a BanTuky KOJGOJNTCA B wipokux npegenax - or <CC
(I-#t paspea) mo 937 (IY-i#t paspes) mmi.cueT.em./m” w ot 424

- (I-f#t paspes) no 3569 (¥Y-4 paspesa) Mr/r.|3 COOTEETCTBEHHO, YTO,
B OCHOBHOM, E..3B2HO I'ETEPOIEHHOCTBO PACIHpeNiesielns OiOrerHHX

' pJeMeHTOB B npudpexHoft momoce mopsa (em. mm. 1),

BecbMa 3HAyH TeJIBHEM MHTEPEANOM (UIOKTy2umil maH:HHX Noxe—

sareneft (Gonee mopamka) xapakTepuayeTcs Takke NODPepXHOCTHI

* 0,5~M ropusoHT BONH, THe YMCAEHHOCTh IUAKKTOHHHX Bollopocseil

- cocrasnaer 125 (I-# paspes)-I39L (IV-# paspes) wm,cyer.ex. /i,
& 6uomacca - or 363 (I-#t paapes) no 4493 nt‘/mJ (Y -1 paapez),
B opemHeMm — 606 wmm,.cuer.en./m” u I571 mr/M’ cootnetcrsemio.
Maxcumarenan MIOTHOCTh (NTONAZHKTOHA oTMeuela Ha 10-m naodare
I¥-ro u ¥-ro paspesos, MiHHMambHaa - Ha 20-ir nactarz I-ro
li-ro paspesoB. BHcOKIMM NckasaTemAME KOMMUECTREHHOTO COCTanA
( TOIIAHKTOHA XAPAKTeL..3yeTcA S5-M n3odara - CHOMACCH MI2HK-

_ TOHHHX Bomopocieft » B6% cayuaen Gimaxy Him npr-mmaro'r 10C0 sm/a.

¥ Mpupemenu cpe,urme naitue (peay.vm'm'm m‘rorpnpo:'eu-rux
npod) Bceit Tomud BOMM.
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Weonenveru pafoH MOPH XEPHKTO NSy 1N urr porenm o «pe
BUIOBOr'O cocTana (v TonnaHkToHA.. hboratToe ryjonoe pasnnodpaare,

A TAKXe BHCOKHA HMOTeHIan pPasMHOXOHNA paHHaNeTHeTro [ TCILiKk=
TOHA, CBA3aHHHII ¢ HOOGOJBIUNMI pasmepé.-.ﬂ»l ILIeToK, ClocoUCT yer
RoHCNoCO0aeHER Bonopocnel K OGHCTPO MIMEHTDIUMCA YCJOBilIM
cpenH. Banonoit cocTAB MTOMNAHKTOHA HCCASNYEMOro paiiona OXHO-
BPEKEHHO [IpeCTaBJIeH DOJOPOCHAMM JIBYX XADAaKTepuHx Grojoriiec-
KUX KOMIJEKCOR: MODCKCI0-XOJOINHOBOMHOrO i1 [pPeCHOEOJIHO-COJI0HO-
BaToBonHOIr'o. Boero aa nepron uccaemonanus (¢ 7 no [2/71) orme-
4eHO 65 BUNOB ILIAHYTOHMHHX Bojopocned (237 - cunesene:due, 2H -
nmaromopre, 8 - nepumnudeswe, 43 - zenedse u [ - xprzoluro-
BEe), I/3 roTOpsX momuurDyoume. Cpemd HEX BCTpPEYARTCS [Der-
CTABATENY CAMHY pasHOOCDPA3HKY, CHCTEMATHYECXUX Cpy.

Hawdomsumy ofuimMeM XapakTep:i3yoTca CHHEe3eXeHHe — SGom-
phosphaeria lacustris, G.aponina, Microcystis sp., Nascilla-
toria limnetica, Aphanizomenon flos-aque; NnepuInEnerHe -
Peridinium s)., Dinophysis sp., Conyaulax catenata; nraTo-
mopHe -~ Diatoma elongatum, Sceletonema cow.tatum, Thalassio-
sina baltica; 3eneHHe - Scenedesmus sp., Pediastrum sp.,
Oocystis sp., Boiryococcus braunii, Pandorina morum, Coelas-
trum microporum. Yxasanpu#l ccctas Bomopochedl mpimaeT nianiiJ-
HY nanHoro pallona BupaxeHHHH yMusyecinit xapakTep, THMANHMA
s cepepHoll wacm MopA M TmHCKOro aamBA,

OCHOBHAA YACTH JIOMIHYDYIOIMX BONOpOCI6H - MHIMKATOPH ca-
npodHocT BOJH. ViHTeHCWBHO® PA3BHTHE YIIOMAHYTHX BUNOB BONO-
pocaell sBaseTcA npuHOA” "uperenua” Bomd. Ha 5- n I0-m n=oda-
Tax "upeTéHue" ROIH, B OCHOEHOM, BH3NBAKNT !EPHIWHWEBHE W 3eJe-
HHe BomopocH, Ha 20-M m3obaTe — OMH@3ENGHHE ¥ IMATONOBHE. Du-
COXME IoKAa3aTe)¥ KOJMYeCTBEHHOTO cocTaBa paHHeJseTHero duTo-
MiaHToHa, CONLIOe 3HAYEHHE BOJNOpOCJ]ell MPBCHOBOJHO-COJOHOBATO~
BONHOTO KOMIJIexkca B (opvupopaHnm EuToLeHO3a, & TAKRE WCKINIA-
TENLHO KPYNHHE PA3MepH MJAaHKTOHHHX Bopopocash (ocodenno aeie-
HHX Bojiopoc.neﬂ' ponos Scepedasmua ‘A Ocoystis) CBUIETENBCT-
BYOT 06 yyACTHM TPODOTEHHHX NMpecHHX Box B dopmupopanms furo-
neHosa mpudpemsiofi 30HH (5~ n 10-M naoda'm) pafiona lpmmToiv-
Kaaftnena, 3To Takxe ABiAETCA npnsnanom yenaenyolt. 3B Tpofnka-



11 MOR HeCNenvemMonre YYaoTKA /B,

Falien cpanxii, I'c cpapHeruo ¢ apyrians pasionanss 20-u n3o—
£, NAFAKTEDA3YETCHA BHWCCKHMI KOJMYECTBOHHHMH [MOKAHATEJAMH
T odINX popopecael (oM. Tadsa. 5). brosacca (nToOIAHK TOHA
ICG;‘:. cAyyaen npem;u:ae-.r 1000 MP/\!'J. Hpocmauc'memioe pacnpe~

l.

(T8 c-rammn) M, CHC T, €], /Ma u 1093 (8- cramima)-2087
Jem cToMIMA) r*r/mé. a B cpemeM nasa caod 0-20 m - ot 333
A2 532 mmi,cueT.en. /r-13 1 1644-2762 wr/us. :

JHTeHCUBHOMY Pa3puUTHO Bogopocseft B palioHa caamm. ove-
THAXO, CNOCOGCTBYET CPANHITENBEHO BHCOKOE CONepNaH®e OlOTeHHMX
caerenrop - mo 145 sxr/n N-NO3 ;o I25 mkr/n N5NH4 (em.

TS - ’I,. [L1azikToMii0e cOOOMECTRO WCCJABLYEMOT'0 NOAMTOHA, B OC~ .
nooned, fopimipyeTcA k3 npeacTtasuTesell MODCKOTO-XOJOIHOBOIHOTO
i npecncnomm—-conouona’ronumoro KOMILIEKCA, CPelM KOTOPHX Mpe—
roTipvoT AnatoMoBue (Sceletonema costatum, Thalassiosira
bnltica),  cusHesesende (iphanizomenon flos-aqua) ¥ SeJjeHHe
E0;10p0CIE (Scenedesmus 8p. ).
Bcepenuus aera (28mun-[nmn) 1987 1. ﬂc-

caeryevull yyactox npudpesss Bantuiickoro mopa (or Upmiroin no
Khefinemy) TaKRe XapakTepR3OBaICA BHCOKMMA (10KA3ATENAMA KOJM-
YCCTBEAKOTO COCTAaRa (PUTOMIAHKTOHA., YHCJIEHHOCTh MHUKPOCKOMY 28—
CKNX Bojlopociefl B Tomue BOIH B cpejHem cocTaBndeT ot 179 gmo .
1320 r.-.rm.cqer.e,n./ma, ouomacca - oT 552 mo 4356 MI‘/MS (cu.
wadn, 5). [loBHIEHHHNH MOKASATENAMA YUCJIEHHOCTH Bojopocyelt —
ot 722 x0 1320 r,um.cqe'r.e,n./ma (p cpemiem 1072 wm.cqa'r.an./ua) -
X2paxkTepu3yDTCA MeJKOBOIHHE CTAHUMA, PACHOJOKEHHHE HA 5-M
nzodarte (pue, 20,6). ViHTeHCHBHOMY pasBuTuD Bonopocael Ha 5-=M
n3o0aTe NpuepexLA CNOCOGCTBYET BJMAHAE 3BTPOPHHX ITPUCPERHEX
pex, Ha YTO YKA3WBAET BHCOKO® CONEPRAHEE OPraHdyeckux BemecTs.
(c.!. puc, 12,a): nepuasraHaman OKUCIAEMOCTs = OT - 4,58 mo

6,50 ar O/n, BlKg - ot 2, 4I no 2,90 mr Og/x (eMm. ra.. 1),
06 ycuaennoil sBTPOjMKALMH JNAHHOTO PErHOHA CBUAETENbCTBYDT pe-
aysETaTH, NosyseHswe Jertom 1987 r, (28 moma-I wona) B npu-



dpoaiod song wosnrena Lpmirola-Tloniuega v Doutom:
KoJmyecTbO ¥ Oxomacca mpogopochaeit nmosmiresa o croe O
cpenHeM B 4-6 paa NpepHilanT LAHSHE NOKA3IATENM B DAX0HD Doii-
chusca.

YHTeHCEBHO® PAIBHTHE BOJAOPOCKEH B KOWI2 WIHA UPLDLAC X
MoYTH MOMHOWY KCYepNaMnn Guorennux ajgesertos (cu. pic. 9)

[lo mepe ynanenua oT Gepera OTNMEYEHO OTHOCHTELBHOO CIiAmeILd
YNOAEHHOCTH CUOTHHX BUIHNML (1 TOMIaHKTOHA — B CDEIHCM JIO

309 mmH.cusT.en./u” da 201 uaodare. Pacnpefienek:'e BUIORHCREN
Ha 20-1 uscdare BechMa peBHOMerHo. Jlianasca EIoATyY2IBM whioged
Hoc'™ (mTomnanxTons - ot 270 (I-it pazpes) mo 374 tmi,.cyer.el. /-
(Y-# paspes). laxcuMaiehas [IOTHOCTS MIAHKTOHHEX ROZOPOCIES:
(1320 sumi.cuer.en./s”) oTveuera Ha S-it wsndate YI-To pazpesa,
YTO, OYEBW/IMO, CBASAHO C HENOCPEICTREEHOH Gi30CTHD OTSANA
TPYyHTa ¥ BIMEHMeM TPolREX ron Kypircxoro samira, FeorXemiio
OTME@TATH, YTO AJA (% TONNAHKTOMA MpKOpesHoro paiona linmitoiti-
Knalinena, ocnderso na d5-M nzodarr, X2DAKTEFHE KPYyMHEe paanepy
ROJIOPOCAEBHX KJISTOK.

Paiton crasmu xapaxTepruayeTcA I'EeTEDOTEHHHM pacnDelelcEnaM
IIAHK TOHHEX Poflopocsefl ~ 4yuCaenHocTh o-r 238 no 187 numi.cuet.
en./mM” u Ouomacca ot 733 no 4356 mr/m (cy. pac. 20,6; 7126:.5),
OpHUkKHO} KOTOPOro, BEPOATHO, AEJAETCA OCYUECTRJICHEH{ 37eCh
¢ I0 nmoua no I0 wwoan 1987 r. cépoc rpyHTOB. Makcuwamskas mioT-
HOCTh Pofopociel oTMevera B BOCTOYHOM HamparJeHiil OT Cerepa
cpanku (Ha 8-t cranuwi). WcaennocTs rBopopocned (1087 rumi.
cueT.er./M°) 3Jech B 3 pasa NPEBHEAST CPENHOD WHC.IeHIOCThL NO-
nopocaelt ppyrux pafionon 20-m uzodaTH yyacTtka llpsitoi-irnaline-
na (309 mﬂ.cqe'r.sn'./ﬁ) ¥ XapOKTEPUSYLTCA TAKEE MAKCHMAKLMHM
coneprasieM HUTPATHCTO A30Ta (‘N-—N03 cocTapaer 58 wkr/a)
¥ CPABHHUTEJBHO BHCOKUMI NOKA3ATeNAMM NepvaHrasHaTHOl OKycade-
wocty (o 7,8 ur O/n). SnawiTersHOE CHUXEHMEe HHCICHHOCTH BONO-
pocnedt (cMm. Tadn, 5) ormveyedo B uenrtpe cranmn (€-a crmunin’
¥ B 3anajgHoM Hanpamemm ot nee (I0-g ¢12814A), UTD, BO3NOIIO,
o0hACHAGTCA NepacTpolikoil MToUeHO3a MO Mepe yaanenus oT cepe-
ra, HO He HCKITOYEHO TAKRE OTPUUATENBHOE poaneficTrre oTPAsa
rpyura (75 560 M3)' HAa MHTEHCHBHOCTH pecTa nomopeched /3/.

A b



B cepomnue nervn SPRRPGERO TICTE T ST TONEHO8 NHAOBOG

OO0 anEe (F TONIAHKTONA, OAHAKO B 3aTOT NMapusol "upereHunn”
DOAW, B OCHOBHOM, CINOCOGCTBOBAM MPENCTABYTENM CHHE3eJBHHX
ponopocaeid, koropwe n 0-20-m cioe Ponw cocrTapnamy no 73% od-
mell wwenenHocT (UTOMIAHKTOHA. Hemasopaxiylo poss B CTPOGHEH
§HTOLEHO3a HIPanT 'Takxe 3eJeHNe BOLOPOCIM, KOTOPHE B 0-c0-M

CJIO® BOJIW B CpPenEeM CcOCTABIALT 214 odme#t wcaeHKooTH JMTO-
nxadkToHa., CCHOBHEMI NpencTapuTesAany # TONJAHKTOHA ARJANTCH

cuiio3aionne (Lyngbyo sp., Aphanizomenon flos-aque, Osoilln-
toria ap., Gomphosphaeria lacustris W Microcystis aep.)

¥ seseHHe BonopocsH (Scenedeamus quadricauda " Mlonotaphi-
éium s83.), KOTOpHE [PelCTaBMANT [PECHOROIHO~-COJOKOHATORON -
I KOMIIBKC EONOpOCASH W NMPUUMAOT IUIAHKTOHY IAHHOI'O PErdHoHA
manaiveciaft odumk /5/. Kpome momopocJaeit N PECHOBOJHO~CONOHO~
BATOBOIHOI0 KOMIUIeKCa, (¥TOMNAHKTOH WCCJENYeMOr'o YYACTKA
npudpexea Jn1CCP npencTaBieH BONOPOCHAMH MOPCKOI'O-XOJONHOBOJN~
HOI'O KOMILIEKCA, ‘ :

Bo propo#f nonxosune aerva (2I-24 apryc-
ta) 1987 r. B npudpexHoil wacTu paitona UpaHToMM-Knalnena npo-
A0JLRAJIOCE JeTHoe "lLBeTeHHe" BONM, /HTEHCHWBHOMY pPasBUTHD BOLO-
pocsiell cnocofcTROBANM BHCOKAA TeMmepaTypa Bomd (no I?.7°C)

1 3iAaviTeNbHHe KOMUYeCTBA HHTpaTHOro (3a WOKJINYeHHeM I-rou
[l-ro paspe3aos) ¥ amvomuiHoro azora, MaxkcumarbHHe KoNMyeCTRA
HIl TPATHOTO ¥ amModuliHoro asora OuJM oTMeueHN Ha YI-m n 'l-m
paspesax ¥ COMPOBOXNAIMCH MAKCUMAJLHHM CKOIJIEHMEM IJIAHK TOHHHX
ponopocaefl - no 2052 wm.cqe'r.an./ma Ha YI-M paspese n

4231 MI‘/MS na ¥ll-m paspese (puc. 20, B).

B 70% chayyaep MaKCHMAJNBHO® KOJIIYECTBO Bojopochefl omveye-
HO Ha 5-M nacdate, OHAKO MO CPABHEHMD C PE3YJILTATAMA KCCJABJO-
PAHUA (WM TOMJIAHKTOHA B cepemihHe Jeta 1987 r. KamvecTBeHHHe
rokasaresi PasBUTHA (XATOMISHKTOHA B CEBOPHOH YACTH HOMIoHa
(I-I¥-{t paspesu) cunswmice (ocodenno Ha npudpexuux 5- u I10-m
yn3odaTtax), A B DOCTOYHOH — DO3DOC/M MM OCTABANNCE HA NPEXHEM:
vpostie (ci. tada, 5). ilaxcuwensiasa MJAOTHOCTH BOJOPOCHEH OTMe-
yera na 1V-1t paspase - 2052 l.Lml.C'-IET.Bn./MS (na 5-M nsodate).
O pHcokoil TpolsocT: POX ipa;‘im-ual Jl-ro paapesa CBNIETENBCTBYOT



TAKXS [IOKA3IATONH [MOPHMAHTAHATHON OXKNCAHAMOCTH P LOrsiiho
HOM TOJM3oiTe BoOk mo 8,7 wur 0/n), i':Iu’.S (0 9,87 wr «:_},un o
awpsonitiioro asora  (H-lH, - 15 uxr/aj. B npecTpateIr Ghkon
pacnpeneseliny P.o.:mpoc.riaﬁ OTHEYCHHE 3J3EAYNTENEEYe KOJNCOZUre
(no I0 pas) uwMcJ/ieHHOCTH H OHOMAGCH.

~. Pacnperenenne mIauKTOHKHX Boyopocaeli B paiioe chai
BeChMA PEDHOMEPHO. UucaeHHOCTh Eojiopocaail rosedaerc.: oF 420G
no 842 Mnﬁ.cqer.en./ua. MAKCHMYM - H IIGHTPe chaikn (cM, puc,
20,n, Tada. 5).

C ymec TReHHHX ﬁhneneuun B CTDYETYPE (arousiiosa 110 CPaBec-
HAD C KCCJAENOBEHKANVM .B CEepelvHe JeTa He oTWederio, [lpepamipral
no-npexHemMy cupesenenye sopopocmu (o1 41 o 83% obmell wncrnck-
HOuTH Bonopocieil). BTopoe MecTO NIMHAJIEXHT 3EMCHHM ¥ IATO-
MOBHM BOJIOPOCJIAM, COCTEBIANIMKM COOTBETCTBEHHO Xo 5L 31 287 cG--
weil wicaeHHoc™: Bonmopocaelt. Brnoso#t cocrtar durtomiaHkTOoHA T
paltone lipsnTolm-Kaalinena uewmowiTesbHo 6erar, llo kanecirenpo-
My cocTaBy (WTOIN@HKTOHA BOTHAA Toama B 3cHe 5-10-y yaodart

‘ABNAETCA 3arpAsHeRHoll Ko dfﬁ—meaocanpoduon. B 3oHe 20-1 w3c~
daTH - N0 @-MesocanpodHoft cTeneHu,

Ha 'oCHOBAHIK NOJYYEHHHX PE3YNBTATOB NOXHO JAKININTH, YTO
uconenyemuit pailon lisaurolir-Knallnena xapaxtepusyerca =H2YNTEIL-
HOjf T8TEOPOreHHOCT:0 paclpeleneHusa MJIAHKTOHHHX BOJOpOCJel Kax
DB KAYeCTBEHHOM, TAK W B KOJMYECTBEHHOM OTHOUEHHM, llopsweninas
ILIOTHOCTE MUKPOCKOMAYECKUX Bopopociaeil BHABJEHA B NpHOpesHoii
aone mopa (5- u I0-M maodaTu), a Takke B pailode oTRana rpyuTa,
YqacTie TpoforeHHHX HmpecHHX BOX B JopuupoRaHui (¥ TolEHO3a
npocaexnpaeTcA B npudpessoll nomoce mopsa — no I0-M uacdaTH,

B ykasenHoM palfoHe SHAYMTENEHYD PONb B CTPOEHMH (uTOUEHO3A
UI'PANT BOJOPOCHH NPEeCHOBOJHO-COJOHOBATOBONHOIO KOMILIEKEa,
npuaapan IUVIAHKTOHY NEHHOI'0 peruona JMMHuueckuil odimk. Jlemiee
"nperenue” BomH MpuépexbA JIMTBH OCYmMECTBJAETCH 3a CUET Nepu-
HUEBHX W 3eJIeHHX BOMOPOCA8d B HAyaie JeTa B CHHE3eJIeHKX - B
cepemuHe ¥ BTOpolt nosc “uHe neta, KomiyecTBenHu#t cocras seTieft
accoupmammy {3 TOMMAaHKTOHA NPAGPERKHX RO OIrO-BOCTOYHCH YacTH
Bantuilckoro MopA XapakTepu3yeTCA BHCOKWMM HORBBaTBaHHH Yl CJeH -

Hoctd (mo 2 mwipn.cwer.em./m”) m OuomaccH (no 4,4 r/M ) Bono-
pocrell, YTO AMISRTCA 1IPUSHAKOM YCWJIBHHOM “BIPOIHHaLHH BOI

SOEHCTC Teroua.
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Toologienl Stato of Coastal Waters and Bod

oi” the South-=teoterr Heglon of the Baltio Sea

Riga “"Zindtne" Publishers, 1990

Surmary

Joth hydrnchemical and hydrobiologioal regimea in. the
coasial area of the Baltic Sea from the mouth of the River
Shventoya to the town Klaipeda were forméamdireotly under the
impact of polluted brackish waters of the Kurshi Bay and the
surface érainage waters of the surrounding ragions.- g '

In such a way marine waters of the coastal areans get
en_iched with organic substances and biogenous elements. The
velues cu BOGr obtained were close to-thé norm (MPL - 3.0 mg'-
0./1) and ex: seded these norms in €% of cases in June (1986
1987, and in 24% of cases in August (1987).

Laximum anounts of biogenous elements were observed in
August 1987 in eections 6 and 7, mineral phosphorus was
53 Jugll, nitritic nitrogen - lﬁdyg(MPL 0.8), nityio nitrogen -
315 ug/1 (LPL 0.35), ammonia nitrogen - 475-¢#8/l‘(MPL 1.2).

Planitonic organisms (phyto- and zooplankton) being ™
indicators of the environment, demonstrate a conéiderably
unequal distribution along ithe aquatorium. = = _ Lo

The rpecies composition of phytoplankton is extremely
rich in the investigated area, and it 18 formed -of marine
cold-wator and brackish fresh-water complexes giving the
plankton of the area a typical limnetic charac¢ter. Trophogenio:
fresh-waters are closely obuserved in the formation of phyto-
cenosiy te 2J m depth. In this zone water bloom occurs (in
early June) due to the development of Peridiniaceae and the
green wa.gae being an indice of an increased eutrophléation.

In late June and August the water bloom is mainly promoted
by the blue-green algae giving 39-73% of their total nmount;
respectively. liipimum amount of phytoplankton was stated

5 m deep. Arcording to the qualitative composition of phyto-



. planktor the water within 5 and 10 m depth is polluted TO
d-p-mesosaprobio degree ahd in the zone of 20 m to Jg -mesosa=

probic degree.
High quantitative indicators of phytocenosis in the crea

‘of, exonvaked sediment. discharge reveal an increased eutrophi-
oation. Greater fluctuations in the amount of phytonlankion
in this area are marked in late June (1987), obviously, due
to the discharge of the excavated sediment,

‘Zooplankton 11) the coastal area of the Baltic Sea is of
a brackish-marine type with a high specific weipght of fresh-
vater forms. Under the.impact of polluted continental water
the amount of organiams'inoreasea and distributes as planitton
clouds of 90-290 thous. indiv./m3 or 800-1800 mg/m3 density.

‘Maximum density of organisms has been marked in clouds
at.the depth of 5 and 10 m. This is a zone with the highest
‘amount of fresh-water species of zooplankton. An increased
amount of zooplankton was stated constantly in the areaa
Klaipeda - Karklinkai and Palangae - Shventoya. It has been
found ont that \p-mesosaprobic water pollution doea not
cause' any depletion in the composition of zooplankton speciea.
Howevef, there are cases when the composition of plankton
species under oes some reconstruction due to strr g refresh-
ment of marine waters or,guspended waters where excaveted
pediment has been discharged. In the latter case an unregular
and 1nconaiderhble drop in the total amount of organisms has
been marked After the sediment discharge a short-time recon-
Btruction in zooplankton was obsérved. ‘

-7 high development of microflora, typical for eutrophic
marine waters, has been marked in the investipgation area of
the obastal Baltics. Fecal bacteria reach the coastal zone
wlth:mﬁnicipal waste waters. An extremely high amount of
becteria was observed in late summer (August, 1987). In this
period maximum poliutibn of water wdis marked according to
coli-index, in 44% of capes the water was conaidered 88 highly
polluted. Exceeded norms of coli-inde& and increased level
of saprophytes were mainly marked to i mile off coast. The



highest coli-index in the bottom tB—JO% of cases) and the;m
amount of saproonytes was observed in the area of excavated
seiinent discharze and along the direction Xlaipede - Karklinkai.

The level of heavy metals in the bottom around Klaipeda -
Shrentore is within the limite of the permissible level, low-
ever, the cempeoitional distribution of thoee metals in the
betion is under a cnrtain regularity:

- a2 highest level of lead, ziru, copper, nickel;

cobalt and chyomium is 20 m deep,.but that of mercury
and codmium = 10 m deep;

- increased level of heavy metals is in the bottoms .

oppoaiie %o more densely inhabited places (Palanga,

* wlalpeda);

- increarcd level of metals in the bottom after the

discharge of excavated sediment.

The bottom of the investigated area im rather rich in
macrofauna. The density and biomass of masrofauna in the
bottom i3 high. Collector and filtrator species are dominat-
ing in the whole investipgation area, mainly of merine origin.
In the area of active water swaying the. species composition -
and bpiomass of benthos gets depleted. According to bentho-
fauna the whole investigatiou area is characterized by et
d - p -mesosaprobic pollution of the bottom.

Taking into consideration the eoologioal situation of
the south-east onore of the Baltics as well as the results
of secondary pollution of waters due to the excavated sediment .
discharge, 1) the discharge of excavated sediment is not
recommended in the investigation area to avolid the erosion
of coaat; 2) exceptional cases of sediment discharge may
occur, btut {t shoud be at least 40 m off the coast.
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COBPEMEHHOE COCTOSAHWUE NPUBPEXHOW 3KOCUCTEMbI
PUXXCKOIO 3AJIUBA

Augpywantuc ., AHppywantuc A., Anuve C., Banoge M.,

borea Y., 3Bairane C., JlaraHorcka P., Nlaragunbuw ., MNnarnu-

pa B., Npencgepe M.

B yenax HayyHoro o60CHOBaHUA 3awuTsl Bog PuXCKoro sanusa
o7 3arps3iHeHun MHcTuTyToM 6uonoruu Jlarsunckon Akagemunu Hayk
B nocnegHue rogbi ObiNnM NpoBefeHbl OO0WupHble UcCnefgoBaHUSA
nocnefcTBMiA aHTPONOTrEHHOro BO3AGACTBMA HA NPUOPEXHYIO 3KO-
CUCTEMY. : '

Noa BNuAHWEM aHTponoreHHbix akropos 3a nocnegHue 10—20
neT B PUXXCKOM 3anvee Npou3owsny 3aMeTHbIe U3MEHEHUS XMMn4ec-
KOro u '‘Buonoruyeckoro pexuma. [loCTOAHHO CHMXXAKTCR 3anachl
OCHOBHOTO NMpoOMbICNOBOro ob6bekra 3anusa — 6ANTHACKOW Cenbau
“3-3a COKpal|eHUA eCTeCTBEeHHbIX HepecTunuul. B oTgenbHbiX. pan-
OHax 3anvBa BpeMeHamMu HabnoaawTcsa YCNOBUA KUCMOPOAHOro ro-
nogaHus.

B Haubonbwen CTeneHn aHTPONOTreHHOW Harpy3ke noAsepxeHa
npubpexHaa pekpeayuoHhasi 30Ha 3anvea, B KOTOpPyKw nonagaer
npeobnagaroilan 4acTb HeounlUleHHbIX CTOKOB pek [layrasa, flueny-
ne, Mays. AHanua Npu4uH HebNAronpuATHOW 3KOMOTUYECKOW CUTy-
auuu 3anuBa yKa3biBaeT Ha NepeHachblleHrne CUCTEMbl OpraHudec-
KUM BEWeCTBOM U COeAUHEHNAMU OUOreHHbIX 3NEMEHTOB.

YcraHosneHno, 4to 0,9 MnH. T opraHu4eckoro yrnepoaa 8 roj
3anus nony4aer ¢ nnowaau sogocbopa; 3.8 MNH. T pasnaraerca
B BOAHOM cTon6e u 1,2 MAH. T ocepaer Ha AHO. W3 3Toro konuyectaa
0,5 MAH. T opranuMueckoro yrnepoga MmHepanuayercs aspobro, a 0,2
MNH. T — aHaspo6bHo. Takum obpa3om Banosas rogosast nepsuiHan
NPOAYKUMS cocTaBnAeT no MeHblien mepe 4,0 MIH. T Opraknyeckoro
yrnepopa.

Kak cnencreme aHTpONOreHHOro BO3AEUCTBUS Ha MpUOPexHylo
3KOCMCTEMY HabnoAaeTca MaccoBoe 'UBeTeHUe' HEeKOTOpbiX BMAOB
Bogopocnen. Tak, B nepuoa BeCeHHEro MakcMmyma 4H4#“CNeHHOCTb
$uTtonnankroHa gocturaer 1,8—9,3 MNpA. CHETHbLIX en./m* n buomac-
Ca1,4—6,6 r/m®. OCHOBHbIMM NPEACTBUTENAMM BECEHHErO puToNnfNaH-
KToHa sgnsotca — Chaetoceros wighamii, Achnanthes taeniata,
Nitzschia acicularis. NeTHee ''yseTenue’’ UTONNAHKTOHA ApoUCXO-
AYT 3a cyeT 6YpPHOro pa3BUTUA CUHE-3eNeHbiX U 3eneHbiX BOROPOCNEHN.

8 NpubpeXHbiXx BOAAX YBENUUMBAETCA KONUYECTBO 300NNAHKTOHA
1 3006eHTOCA, MUBMEHRETCA MX BMAOBOW COCTaB; B OTAENbHbIX y4acT-
Kax 3anuea KonMUECTBO 300MMAHKTOHA npesbiwaeT 1 MAH. 3K3./m°,
Ovomacca Macoma baltica pocturaer 750 r/M2.

BbinBneH BbicokUM ypOBEHb Pa3BUTUA MUKPOMOPHI, Xxapakiep-
"ol ana aBTpoHbIX BOA. JleTOM caHuTapHOe COCTOSiHWE BOAbI Npu-
Opexwbs 3anuea kpanHe HebnaronpuaTHo. CaHWTapHO AonycTuMas
HOPMa no konu-uHAEKCY B 30HE KYNaHWA npesbilueHa B 2—20 pas.
|2>’CT61HoaneHo, YTO CKOPOCTb 6aKTEepUanbHOW AECTPYKLUU HEDTAHON

PraHuku, nocrynarowen s 3anus, nporexaer cnado.
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OKCO2PUMEHTEJIEHAA BONHAA TOKCHKOJOIHA, B8, Pura, JI9u2
YIK 582.26:53.096:546.3
M.H. Banone

Hdcrutyr ouonorum AH Jatmuitckoff CCP, Pura

JIEICTBAE CBAHLA HA CTPYKTYPHUE Y GYHKIMOHANLHHE
NOKASATEIM MPHPOJHAX COORIECTB GMTOILIAHKTOHA
PUACKOIO 3AJIMBA

B nocnennue NecATHNSTHA NOK BAMAHHEM 38I'DA3HEHAA XH-
vuyeckull cocTan MOPCKMX BONOEMOB 3AMeTHO H3meHAaTcA. B mpupon-
HHfl KDyroBOpOT BeleCcTB BIUINYADTCA BCE HOBHE COEMMHEHMA KA8K ec—
TECTBSHACI'0, TAK U AHTPONOI'€HHOI'0 NPOUCXOXIEHMA. OnacHuM 3a-
IPASHUTENEM DKOCHCTEM ARALTCA TAXesue meTawm,. [octymaa B Guo-
cdepy, OHM BKTHBHO BRIOYEOTCA B DA3JMYHHE MATDALMOHHNE [MRIM
u, 00/8J8A COOCOOHOCTRD K BKKYMYAAIMM B DA3NATHHX KOMOOHESHTAX
BKO=- M TeOCHCTeN, [PENCTABJNADT NOTEHIMANBHYD ONACHOCTE INA XH-
BOro BemecTsa OwocdepH /2/. JTo ompenesseT MHTEPEC K HAHHOMY
BuAy serpassenus /5,6,11,14-16,19,23,24/.

K wucny Haudosee omacHHX 3arpAsHuTenNelt MOpCcKo# cpein oT-
HocuTea ceuHen /II/. Cyma mo pasmMudum CHONOTHYECKMM IOKa3aTe-
AfM, 8TO CUJIBHHU WHIMGUTOD KAETOMHOrO meradoimama /15,I8/.
Kpome ToTO, CBEHEl CHOCOGEH YyBeNUYMBArh TOKCHYHOCTH IPYTAX Me-
raynos /4/. AHTDONOTeHHHE UCTOYHMKM NOCTYIUISHUA CBMHIE B MOp-
CKyD Cpeqy Bechr& DA3HOOCDA3HH. YBeJUYeHUD ero comepmadHud B BO-
me coooodcTByeT COPOC CTOYHWX BOML IPOM3BOLNCTE METAJLNYPTUHECKMX,
ue'rmoodpaﬁamsamlnx. VaIMHOCTPOATENbHHX , XMNMUYIECHHX, XUMUKO=
gapraueBTHYECKUX, He(TeXMMUYECKHX, JAKOKDACOYHHX, TUKCTUJLHUX,
cmaveyHnx, foTomaTepuancs /4/. CywecTBeHHHE WCTOMHMK NOCTYAe-
HMA CBUHLE B aTmoc(epy - BHOPOCH TpEHCOOpTE.

B mopckux Bojoemax 3arpaslenye TAZEJUMY METaUIANS HOCHT
XORANBHHI XBpAK.ep, M Yaue BCEro evy MNONBepPranTcA OyxTu, 2anu-
BH, NpaCpexHue BOOH 38MKHYTUX ¥ OOJYIEMKHYTHX MODCH, KIKAN AB—
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AA2TCA 4 Banrufcxoe rope. llo cpaBiHeHHO C BOA8MM OTKPLUTOIO OKea—
Ha, I'Te NOJ8BMAVIEA YACTh MeTaJUIOB HAXOMATCA B [OpMe JOBOJLHO
CTafUNbHUX KOMIIEKCOB € HeOpTaHHYeCKdMd 84MOHEM M NDOLYKTAaNH
AeTOCONU3MA JOPCKUX OPTaHi3MOB, IJA OPUOPeXHUX BOL 3EMKHYTHX

W MOMy38MKHYTHX NOpell XapakTepHl NOCHAeNCTBUA COPOCOB CTOYHEX
BOJ, COEPXAUMX CHMECh NepereHHOr0 COCTana XMMAYeCKM &FTUBHHX
HEOPreHUYecknx ¥ OPraHAYeCKMX Bell2CTB, KOTODHE DPE3KO yBeJUYUBA-
0T MHOToOGpasue xursiyeckux dopy nvetamwna /25/. B cucreme wvopeft,
ovHBapuux Cepera Espormu, BanTuitckoe nope MO IEIPOXMNMYECKONY
pexary 3aHumaeT ocofoe ¥ecTo, YTO CBA33HO CO CNeUMGUYECKUMA
fu3uKo-reorpaliyecKyry YCJIOBUAMM, ONPENeNAOUMMM SHAYUTEALHYD
porb peyHoro cToxa, ciackll BonoodneH ¢ CeBl JHHM NMODEl ¥ OTUpPeHH—
Yehuuit N0 raydude BepTUKaNbHLM OOieH BOAM. ITH J2KTOpu CcrnocoG-
CTBYOT 3APPASHEHN0 BenTyilc 0r0 40P 1 MODYT DECCHATPYBATHCS

K8K KCTOYHIKMA 3erpA3lieHWA, B TOM YHCJAS COENMHEHMALM TAREHX Me-
TEANOB. MneouMecA QaHHHWe 0 COoLepmaHui CBUHUA B Bojax baartuficko-
ro gaccellia npegcraBneHs B Tadn., I. [lpocTpadHcTBeHHOe pacnpene-
JleHde TAXEMNX MEeTEeMIOB B BanTuiickom rope #ec HopoaHo /9/, moBu-
meHHue XOHUeHTpPALMM CBAHLE OTMEYEeHU B BOLEX JATCKIX [POJMBOB.
BeprukansHoe pacnpefesieHue CBUHIE XBDAKTEDUIYETCHA HEKOTODHM CHY -
XeHHeM ero KOHLEeHTpamuy Ha raydudax go 50 m ¢ nocaemyolim ye-
penoBaHueM CJI0eB C MOBHIEHHHMY M [IOHUXEHHLNM KOHUeHTpawuavy, B
OPUIOHHOM CJI0e KOJMYeCTBO CBHUHIA 38MEeTHO HUXe, Yem B IOBep..HOCT-

Hot /9/.
Tadanunua 1

Concj zaive CBHHLY B IOBEPXHOCTHHX BOzax
Banrufickoro wopa

HouieHTDAIMA CEMHLA , MKD/X Jureparypiull MCTOYHUK
cpemus | mpesen
1,6 G,5-8,6 /10/
1,5 0,25-I10 /13/
0,6 0,2-1,7 /3/
0,8 0,1-6,4 720/
- G-5,9 /22/

1,1 = /26/
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Bucoroit YYBCTBHTe/LHOCTLY K HPACYTCTEBMD 38I'DA3HeHHHX Be-—
WecTB B MOPCKON Cpefe OTANYLOTCH OLHOMAETOYHLE BOLOPOCH:
/8,11/, TOKCHKOpPEe3KCTEHTHOCTh CXTOILTAHKTOHHLX OpPIaHM3NOB, OC-
HOBHHX NpPOAYUSHTOB OPraiMd4ecKOl0 BelecTBa D xope, B 3HAYUTElb-
Holt sepe ompegendeT TPOFUYeCKNE BIAMMOOTHOWEHMA I'IPOCMOHTOS
R ypoBeHb NPOAYKTMBHOCTH BOgOeva. JaiHue o GHONOruvYecKow JeiicT-
BEMM CBUHLA HE DA3BUTME NOPCKEX OAHOKI2TOYHHX BOAOPOCJAvi Npel-
CTEBRNEHH TJABHHN OGPASOM MCCIUCAOBAHAAKK TOKCHKODE3ACTEHTAOCTH
(MTOMREHKTOHHEX Opraun3aros Xacmilfickoro, Cpemmaeunoro m Hpac-
HOro Mopeil /5,11/. CBedeHas 05 YCTORYMBOCTA OJHOKESTOUHUX RO-
gopocaell banT4dCKOro MOPA E UPMECYTCTBMA CBAHLA DeChMH Orpaln—
YeHH M OTPAXEOT KapTHHY KDATKOBpEeNeHHOIO JeACTBUA XAINOATODa
Hé NpOLYKILMOHHHe CHOCOGHOCTH §UTOMNEHKTOHE DanTtuiickoro kops
/29/.

Hacrosuas pudoTa - OQH& M3 NepHHX NOMITOK OLEHHTH BIARHME
CBRUHUA HB CTPYKTYPHue ¥ NPONYKIGAOHHME X8PAKTeDHCTAKM IpUpol-
HHX COOGUECTB [UTOMNAHXTOHE BuRTEICKOIO wOpf, M36paB B KayecT—
Be NOK&3&TENEXd TOKCUMHOCTM UHTEHCHBHOCTH POCTA, OTHOCATEABAYD
CHOPOCTDL BCCHLURALMN YIZcPOUA M WIMSHCHUA IMIWSHTHOIO cocTasa

Bogopocaeit.

saTepuen M MeToaMxa

JKCOepiieilTy NPOBOGULICE B peceHHuR (anopens—-uaft),
setie#t (Mpub-MOAbL) u Ocedir4ll (ceHTAGPh) cedloHu roxa. CTRYKTY
Pa ¥ NpoayKmMR eCTeCTBEHHHX NOMyadAiMil (MTOMAGHKTOHA MCCAefo—
BAJMCh B NB0ODPaTODHHX YCNORLAX, LEXCHMAILHO NPHOICIXEHHUX K
npupomHHN. cETyamul: (aopeis-wafl), a Takke in situ, B NOMU-
ITUNCHOBUX MeMKS: erxocTby 3C0 . lsyyemle BEMAHAR CBAHLA HE
pasmuTHe Npupo MHuX cooduecTs daTOmNaHKTOHAE PExckoro aamupa
in situ SHBAANOCH YECTLD KOMIIEXCHOY padoTH nadopaTopud MOpC-
Koll duoxorne WucTuTyra Gumonoruu AH Jlarp.CCP. JxcnepumeHdTd Ipo-
nomMTeNsHOCTED IU mHefl MoSBOMMMM NPOCACTMTL 38 AMHEMHKOR
NPONYIMPOBAHMA OPrafMyecRoro BaNecTBA M nNepecTpoiikoil BUTOBOTO
COCTABA [UIAHXTOHHOIO (MTONEHO3S B MMPOKOM JMANA30HE KOHLEHTpa-
A CRMHIA B BoxHO# cpexe — oT I mo IS00 wsr/a  ([IMK cruHua
AR BHYTDEHHMY wopedl coormercrsyer 10 wxr/a ) ,11/. Ywurusas,
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YTO OCHOBHOR (OpNO# HAXOXNeHHA NeTEJIOB B MOPCKCH Bouc ABIA-
8TCA Heopradudeckuit MOHIO-1:0NeKyJAPHUN pacTBOp /I0/, B skcne-—
PUMEHTBMbHNE CHCTEMH BHOGH/M CBAHEL B BULE Heoprauityeckol
comu - PbNO, .

UHTeHCHBHOCTL (OTOCHHTE3&8 ONPJIGJANKH C NOMOUBLOD PBANOYI=—
JIepOHOT0 MeTOola. PamMOaKTABHOCTh (MJBTPOB U3MEPAJH HE CIMH-
THJUAIMOHHON. cYeTyuke "SL 422I" panuyscko# fupsu "Inter-
technique",

HoHueHTpupoBadue npod AJNA onpedeteHitd KAYeCTBSHHOTO U KO-
JMYeCTBEHHOr0 COCTaBA WTDMEHHTOHB OCYUSCTBIAMM 1eTOUOM JuAbT=
DBIMM, NpUMeHdd MexOpaHHHE (UALTPH “Synpor -2% ¢ juaveTpom
mop 2,5 wmw:. HadnomeHua 3& M3MeHeHKEM CTPYKTYPHHX ocoGeuliocTelt
¢MTOMNEHKTORE MO BO3MEHCTBHEM MHIMOMTOPH OCYUCCTBAALA HcTOLON
NpAMOrO CHETA NON KMKPOCKomom " Lrgaval',

{lpy ompeneneHMH MUPMEHTHOrO COCTAB& BOAOPOCA A MCNOAB30-
pamu weron [apcohca u Crpuinanga /27/, CnexTpu perucTpupoBait
Ha “"Spccord uv vis", PeayJbTaTH N0 CONEPXAHMO MMAIM4EHTOB PeC-
CYATHBAJM N0 YDABHEHWAM, NpemioxeiHuy llapcorcor W CTPHKIEHIOM
/27,28/ w pacoveit rpynmoft RLECKO /21/.

[Ipn mocTEHOBKE TOKCMKOJMOTHYECKHX OMMITOB UCHOONHIOBASN Ne-
rogu W pexovenaaumu C,A.laruus /I1/, H.C.Crporanoss /72/,
B.T'.Xodoreesa u B.U.Kanxopa /I7/.

Pesyanratu u ux o6CymieHMe

Kpartxkocpouioe (cyroudoe) geflcTBile CBMIUA B KCHUEHT-
pawmu I - I00 MKI/M OK&83L38ET CTUMYJMPYDLEE WA4 OTHOCHTeJLHO
He3a8BUCHMOE BINAHWE HA MHTEHCHBHOCTL POCT: BOJOpochell npupon-
HHX cooCmecTB ¢UTOIAHKTOHE Paxcrkoro zamusa (puc.I,2). iHruou-
pyouee neficTBUe HMOHOB NMeT&LIA N0 KPUTAPHO NPUPOCTE WICAE Klé-
TOK OTME@YeHO Opy koHuenTpawmax, B 50-100 pas npemumaomx UK
CBUHHLA MuA BHyTpedHux mopei (I0 sxr/a) /II/. llo xepaxTepuc-uxe
¢OTOCHHTOT¥WECKOH BKTUBHOCTH (MTONJNEGHKTOHE BUABJENA DUCOKEA
YyBCTBATENBHOCTL BOnopociel K OPUCYTCTBMY CBUHIE, 49TO XOPOMO
COTJIBCYeTCA C De3yanTaTeMu LPYTHX ucclegoBartensit /II, 24/,
oTo 00yCHOBMMBAET BOSMOXHOCTL YCTHHOBJEHHA HHI‘HCijyUJIEI‘O uecr—
BE: CBUHLS NPH OTHOCHTEJNbHO HUIKOM YPOBLE@ 3ArpAs: :HAA, HoHLeHT-
pamda OO wir Pb.A cuuxaeT JOTOCUHTATHMECKYO BKTHBHOCTbL BOAO-
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pocnell Conee yem Ha S5U% (cm.puc.2), He 38TPATNBEA MHTEHCHB-
HOCTH poOCTAa KJeTOK JieTHero KoMmILekKca G‘HTOMBHRTOHS-

llpu npoxneHux BpemeHH axcnosuimu go 10 cyr uHrudmpyoiee
neficTBue CBRHLA TIPOABIAETCA NpU GoJlee HM3KMUX KOHLIEHTpalpaax
merasna. PesyJbTaTH MHOTOCYTOYHHX 3KCOEDUMEHTOB MOKA3&JM 3Ha-
YUTEJBHYD TOKCHYHOCTL CBUHIA B QMaunasoHe KOoHUeHTpaimmu 50 -
1500 wkr/n  (radn. 2-4), KoHmesrpamma 50 mxrFl .2 , He OKasu-
BAQNAA TOKCHYECKOTO felCTBUA HA MHTEHCHBHOCTL DOCTE 4 BCCUMUIA~
M0 PAIMOAKTABHOTO YTJepona BOJAODPOCIHAMH BO Bpetd NEPBHX CYTOK
8KCNEpUMEHTa, B TedYeHWe OOCASIYUMY CYTOK CHOCOGHE BWSBATh
CHMXeHWe NAHHHX nokasarenell doxee yem HA 30% [0 CPABHEHMD C
xoHTpozen (cm.Tadn. 2,3). C NORMWEHMEN KOMMYeCTBA CBUHLA IO
I500 MXr/n  oTMEYHO CHUXeHMe 00ueldl THCHEHHOCTU KIETOK H&
80% (cm.Ta04.3) ¥ DONHOE npexpauerue OPOLYKIMOHHNX BO3NOXHOC-
meft Bomopocnelt (cMm.Tadn.4d). CHmxeHde (OTOCHHTETHYSCKON AKTHB-
HOCTH (UTOINAHKTOHA Ha 20X N0 CP BHEHUO C KOHTDOJNEN NPH KOH—
HeHTpALMK CBKHOA 50 MKI/N  BUABJEHO TAKXE DY UCCASNOBEHUM
TOKCHKOPESHCTeHTHOCTH NPHPOMHHX coodmecTB guromnaHkToHa Kac-
muftckoro wopsa /II/. CxoncTBO HAHHHX O BIMAHUM CBMHLA HAE Xu3He-
CHOCQOHOCTD OPUPONHWX MNOMYJALMR (UTOLNNEHKTOHE PA3HHX MOpeft
JaeT OCHOBaHME MNOJN&IaTh HemMuue OoCWLKX 3aKOHOMEpHOCTeY BO3=
nefcTBUA YKA3SAHHOI'0 MeTallla H& MOpCKEe (UTOLeHO3H. Mmeouwecsa
HaHHHe N0 OMOJOIMYECKOMY MEACTBMO CBUHLA HA DasBUTHE INPKPOTHEHX
momyaamuit netHero guromnaxkToHa Kypmcrkoro saqusa /29/ cmuge-
TeAbCTBYDT O CHMXEHWH MHTEHCHBHOCTM (OTOCUHTE38 HAYMHAR C KOH-
nedrpamau I000 mMkrft.n ; B Imanasode 5 - 500 MxrFb.n e
YJCTaHOBJEHO ABHO DupaxeHHON TOKCHMYHOCTH. [lpegnosaraerTcd, ¥TO
OTHOCUT@JIGHO BHCOKaf ynToMuMBOCTE Bonopocsefl Kypuckoro asmpa
OO0 CpaBHeHMO C ycToiuMBOCTBO Bogopcciieft PUXCKOIO 3wmBa oGyc-—
JOBNGHA KODOTKUM CPOKONM BO3USHCTEBMA TOKCHKEHTE - 24 v /29/.

HecnenomaHus TOKCUKOPE3UCTEHTHOCTH NPUPOTHHX COSGLCCTS
(M TOIIEHKTOKA NpPU OZHOPA30BO! NOCE&BKE TOKCHKUIITE NOK3IAJMA
BO3MOZHOCTL HaCTHYHOI'0 BUCCTAHOBJIESHUA MPOLYKLMOHHHA CIOCOGHOC-
Tell fUTOMNEHKTOHA NpPA OTHOCMTENBHO BUCOKMX 0033X TOKCHMEITU,
PemapeimoHHHe CHOCOCGHOCTM BOJXOPOCJE# OTLEYEHU BO EDOIA JAeTHRTO
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Taoanuua 2

JuH MUK8 WACHeHHOCTH KaeTok (B % K KOHTpOJD)
npupoaHux nomyammid ¢uromnaHkroHa Puxckoro
38/MBA B 38BACHNMOCTH OT KOHLUEHTDALMU CBHHLA

B boje (BpemA MPOBENEHUA OKCHOEPUMEHTA ampesb-nelt)

Jmrens- Cucre-
HOCTH MaTH
pictesf ol '!ec-_l HoHueHTpalma cBuuug, wkr/a
puner- | Kas

Ta, rpyn-
cyT na I

I0 50 100 500 | I000

o

P II3,3 80,0 IOO,U 133,3 IOO,0 I20,U0 IOOU,O

b 3 128,3 136,8 I30,2 I24,5 I22,8 IO8,0 89,0
5 I23,1 135,9 I29,7 134,5 122,4 108,2 89,8
P 144,0 I44,0 I0O,0 I00,0 IC°,0 60,0 50,0
3 8 I26,3 II13,9 1I22,7 III,0 107,6 90,6 40,7
>  I26,7 I14,5 1I22,2 II0,8 1I07,5 90,0 80,1

¥ 150,0 1I00,0 I75,0 25,0 25,0 - -
21,5 93,3 99,2 7I,I 63,6 56,2 4K3

Iz2,0 98,4 100,4 70,3 63,0 55,3 45,0

B

b2

¢ 100,0 120,06 127,5 100,0 37,5 - -
7 B 107,6 10I,0 102,7 95,8 79,5 49,1 40,2

b3

P

3

107,4 1I01,5 I03,3 96,0 78,7 47,7 39,0

100,0 I00,0 IIZ,3 I00,0 80,0 -
10,7 107,6 IIO,B 72,I 68,9 O5I,0 49,4

5, 109,4 107,3 II0O,8 73,0 68,3 49,4 47,9

10

NpumevwaHue: ! - byrrophyta; B - Bacillariophyta;
%H; oduasd YMCHEHHOCTE: KJIETOK (UTOMIaHK-
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Teoamogae 3

llmHaMAKa YHCJISHHOCTH KASTOK (B % K KOHTPOJD) IPHDOMHEX
nomyAAIit (U TOMIAHKTOHE PUXCKOTO 38MMBE B BABACHMOCTH
OT KOHIEHTPALAH CBMHIA B BON& (BpeMA NpOBeNeHUA
BKCOBPHVMEHTE MOHB-HOMDL)

Irens—| Cncre-

HOCTB NE8TH— HOHLEeHTDAIAA CBHHLA, MET/X
PKCIepU—| Yeckas
MEHTE pymmna
cyT TO- 100 500 _ 1000 1500
| IIaHR-
c 94,9 57,1 - -
I b 100,0 75,0 50,0 50,0
B 116,7 66,7 83,3 16,7
¢h___I20U 90,0 100.0 40,0
T 11,7 66,7 39,3 14,8
c 60,0 40,0 - -
3 ? 133,3 100,0 33,3 41,7
B 140,0 60,0 60,0 40,0
_Ch  250,0 100,0 87,5 100,0
b3y 103,8 60,0 28,4 26,3
c 40,0 5,0 - -
5 P 67,5 66,7 33,3 -
B 200,0 125,0 75,0 50,0
ch 150,0 100,0 100,0 75,0
& 79,3 38,9 25,8 19.4
2 c 23,6 - - _
" P 50,J 50,0 25,0 -
; - .8 I00,0 133,3 100,0 100,0
ch  I50,0 25,0 68,8 52,5
T 58,6 27,6 32,8 24,8
¢ 62,5 - " =
10 P 33,3 33,3 40,0 -
; B 125,0 75,0 125,0 50,0
Ch - I00,U 150,0 50,0 50,0
$ 7,9 52,6 43,2 21,1

OprmegeHUue: C=Cyinophyti; P =iyoroprynz;
; ' B -3:cill riopnyt: %k =Calorapryta;
S - chmed 4XCACl0CTh KARTOK LiTLOAUSTSHA,
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Taoanunuyas 4

JiameaHne OTHOCHTENBHOR (B % K KOHTDONO) UHTEHCHEHOCTH
JOTOCHHTE38 NMPUPOLHNX COOONSCTE (UTOMIAHKTOHA Puzckoro
3a]4B8 B 38BACHMOCTH OT KOHUEHTPALMM CBHHLA B BOOE

Q-
:gg?; KoHueHTpawia cBUHLAE, NKT/2
JKCne~
pove- | 1 s 1w |5 | 1w | s | 1ooo |1sco
Ta,
cy?
Anpeas - naft
T 105,0 IUG,5 I07,8 96,3 II4,7 JI,5 52,0 ¥
*5,2 *3,9 %6,1 7,2 ¥,4  fg,4 %0
3 1I2,6 I2I,4 I25,, I23,2 IU5,8 O5I,6 40,6 -
26 3,1 *¥3,4 6,1 8,4 3,2 3,1
5 115,6 108,4 II6,3 50,4 5I,2 55,3 38,6 -
3,8 *6,4 26,2 %42 26 R4 5,4
7  119,7 109,4 98,5 65,4 66,4 48,3 26,4 -
7,9 *2,6 6,8 2,3 T8 ¥,4 2,9
10 Iu6,4 I115,3 I1I6,2 68,2 60,4 49,6 20,2 -
I 3,4 *9,1 4,1 4,6 13,1 35,0
Hode - mAousb
I - - - - 43,5 33,8 19,5 5,5
12,3 3,1 2,2 13,0
3 - = " - 31,0 I7,2 I72 O
25,1 .2 2,1
5 - - - - 74,2 66,7 25,8 0
32,8 14,2 %53
7 - = = - 1I4,3 34,3 23,4 0
4,5 5,1 3,2
10 - = = -  BU,5 33,5 35,0 25,1
5,1 %3,2 6,1 22,4

% LeHELE OTCyTCTBYWT.
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sxcnepumeHTa B npucyrcrmtl I00 wmxrFo.n (cr.Tadn.4).
KpuTepuer BHUCOKOK WyDCTBUTENABHOCTH CHYXAT TGXAe M3MeHe-

HMA MAINEHTHOI'O COCTaBs Boxopocacit. Maydewie KOMMYeCTBEHHEX

COOTHOWEHUH MAPMEHTOD (ATOMNANKTOHE NOILOJAET CYIMTh O (M3u0-
JNOPMYecKOoM COCTOAHMM Bogopoctel M ux gurauonoruvecrofl BKTHBHOC-
™ /I7/. llo pesyibTaTay JUCIHCPAMEHTOB, LAXe KPATKOBDCMCHHUA
KOHTEKT C MHIUOGHDYOUMMK KOHUSHTPALUMAMM CBAHLA IIPUBOIAT K Hapy-
LeHWo MPOUeCcCa CHHTE3a XA0POJiIa, YTO MNOATBePRLAOT HOJMMYecT-
BeHHHE MOKA3aTeNM [MIMeHTHOI'O CocTaea Bojopociefl M 3anveTHOE
O6eCLBeYUBAHIE BOJIOPOCAEBUX KIeTOK. CHUXeHME KOMUYecTBE LNOPO-
(fuana "&", uUrpsouero Benyuyo poik B (OTOCHHTETUYECKOl: Npouecce,
OTNEYEHO HAu¥HaA C KOHUeHTpaumu cBuiua 50 wxr/n  (radn.s). C
NOBUMEHUE! KOHUSHTDEIMM HaGN0J80TCA CylecTBeHHUe Pasnidid B
KOJMMeCTBaX xaopodusa "a" KOHTPOJBHHX W SKCMepUMeHTa/bHUX CUC—
rew. [lpi KOHLeHTpalmn Tokcuxadta IS0U mxr/n  npexpauacTcA
CHHTES I8HHOIO MUTMeHTa (KOHLUEHTpPALmMA xjopodusnna "a™ cHisxaeT-
CR ha 98 710 cpaBHeHu0 C KOHTpONew). Bonee BLCOKEA wyYBCTEMTENb-
HOCThL 3TOr0 NOKE3aTeAl COOTBETCTBYET OCeilil, DPELEUd CHARCHMLA
MHTEHCHUBHOCTH Pa3BUTHUA JUTOMNAHKTOHA (ci.T1adn.S). Yre:dbueHue
KoxM4ecTna xjaopofunne "e" Hadnoman  °b OPU KOHUESHTDPELMHA

100 yxrPb . B nepuog ocelHero sxcnepumedta u 1000 wxrPb .x

B Nepuon becelHero skcncputredts (cm.tadn.s).

Ypemdenne KOUUSHTPBILIM CBUUUA CONPOBOMIIBSTCA CHUXSHIEN
coaepxaHuA xaopofuana " p ". Hamrume gaddHoro MArMEHTa B COCTE-
Be [UTOMNEHKTOHA NOCJe BO3.c#CTBUA BUCOKMX KOHOEHTpaimit cBMHLA
(a0 IS00 sxr/n ) yxasuBaeT HA MPUCYTCTEUE 3eJelluX Boopocnel.
39T0, B CBOW OvYepelhb, CBKAET2NBCTBYET O BHCOKOH ycTOWunBOCTH
Bogopocneldl rpymmd Chlorophyta K CBMIILLY.

WASMOJOT" "I8CKOE COCTOAHME M CUIMOJIOTMYECKYD 8KTHBHOCTE
(MTOILI.HKTOHA XapaxXTepu3yeT OTHOWEHME KOHUeHTpammd xjopoduir
"e" u xaopofmane “"a". O yBeJM9eHMEeM KOHIEHT, AlMd CBUKIA CHEXE-
eTcA conepmeHue xJopofiuwa “a" M moBuweeTcA - xnopofiana “c“,
YTO YKa3LHBAET Ha 3aTyxaHue Npolecca Pa3BUTUA CUTOMIAHKTOHE.

B nepuon Hadaotewua B cocTaBe GUTOIIAHKTOHA Mpeodamau
Clenmyoaue BHIM BOXO, Ocheit: BO BpOMA BECEHHMX SKCIEpPUMEHTOB -
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Tedamua ]

HameHeure comepxanua xjopodusia "a" (B % K KOHTPOJO)
OpuponHH” coodmecTs (uMTOmMAHKTOHE PMXCKOro sasmBa

P SABUCHMOCTE OT KOHIEHTPALMM CEMHIA B Bome (Bpema
DpOBeNeHHA OMHTOB anpenb-wait 1978 r.)

Jmrens-

HOCTB
et KOHLeHTDALMA CBMHIB, MKI/J

prwcimé, | 1 | 5 |10 |50 [100 |SW0 jzbuo flxsoo

Anpeab - wait )

1 116,2 122,6 1I3,4 I24,3 137,6 102,4 63

4,2 3,6 *4,8 *3,I *4,9 %26 15

3 124,1 136,9 I29,8 II8,4 II3,6 70,4 50,

33,1 4,1 *5,3 *4,2 51 4,6 6

5 120,I 136,6 II19,2 97,4 98,6 69,6 49,3 -
4.6 29 Y9 26 36 *3.8 7.6

7 122,9 1II2,1 10,8 92,6 85,6 .4,9 45,4 -
5,2  i50 5,2 14,3 4,2 4,6 ¥5,4

10 110,I ' I09,4 1II2,8 I00,4 87,4 £3,6 42,6 -
5,3 Y46 506 3,6 16,1 *6,3 6.8

®

CedTACDD
3 = - - = 87,9 5,3 23,0 I,5
%39 35,1 4,3 %3,1
6 < - - - 88,6 50,4 28,1 18,6
2,6 %4,3 35,1 5.4
7 - - - - 8I,9 6I,2 27,5 18,1
34,3 3,0 4,4 7.0
10 - - - - 86,7 63,6 34,6 34,3

6,1 *5,6 16,3 17,2

¥ JlaHHHe OoTCYTCTBYOT.
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nepun¥H¥eBLE uony ulux cutent:, sxuviels bulticu, muaTon0-
BHe ‘chnunthes tueni t , Coscinodiscus ranil, Thalasciosirn
balticu, BO BpemA JETHUX - CHHe-3eneHHe Gleoc:pss turgids,
sphapizomenon flos=uguae, [HCPHIRHMEBHE Gonyo ulax catenata,
Dinophysis baltica, 3€NeHHe QOccystis subswriea, BO BPEMA OCEH-
EXC — CHHe-3eJIeHWe Gleocnpsy turgidn, NEpPAMIHHEBHE Dinophy-
8is bulticw, INATOMOBUE  Coucinodliscus granii, Thulassiosira
balvica, MccresoBaHusar® nepecTpofixn BRAOBOIO COCTEBA [LIAHK-
TOHHOTO (MTOLGHO3&8 PUXCKOr0O 38/MB& B NPUCYTCTBHM CBUHLA BUAB-
JA8HH HEKOTOpHZ 38KOHOvepHOCTH. Tak, MIMTeJbHO2 BO3geficTnie MH-
THORDYDUMX JO3 METAJIA CONPOBOXNASTCHA CHUXEHMEr BWUIOBOTO pas-
HOOGPBW. YTO MOXET CAYXATH NOKa3eTeNes Jerpanalid 3IKOCHTeMu.
Pesy bTaTH 3KCICPUMEHTOB BUABUIM OTHOCHTENBHYD YCTOWYMBOCTE
ANATONOBHX Bomopocaelt Coscinoliscus granil, ‘chnsnthes tuenia-
ta, Thalsssiosirs bultica, NCPWIMHMEBHX Gonyculax catenuta,
Dinophysis builtica, 3eJeHHUX Docystia submurina, JHOOMAHYTHE
BUMH BOomopocaelt cnocodHu K KJAETOMHOMY HAeNeHWD Jaie B MpUCyTCT-
BMM BHCOKMX SKCMNepUMOHTBALHUX N03 TOKCHKadra - ISLU mkr Fb.x
Haudonee YYBCTBATENBHH K BO3MeflCTHAD CBUMHUA Cilde-3eieHue BOJO-
pocan Aphunizomeoon [los=uquie M ‘fleocapsa tursiaa, MABCCOBO
pacnpocTpeHeliHie B NeTHer (MTOIMNBHKTOHe Paxckoro samupa, Cy-
NeCTBEHAOR CHMXEHWe AUTEHCUBHOCTH NPUPOCTH KIETOK CHHE=-3eNeHLX
BOAOPOCAEH COOTBETCTBYET KOHUeHTpaliM I0U mxr Fb .2 (cw.Tada.
3), .BosgeilcTBue CBUHUS B KoHIeHTpulmu S0U mMKr/n  compoBoxia-
eTCH CHUXeHMer: MHTSHCUBHOC . POCTE CuHEe-3eNleHHL BOUOpOCHEd Ha
I00% B Tevenue 10U cyr. Honuesrpuipui IOUU MKT Pb .X  JeTaNbHa
AAA OpeacraBuTeNed Ipynoil Cyunophyts  yKe B JNIepBHe CYTKM
IKCOepiAMeHTa.

; Paanyuun TOKCHKOPE3UCTRHTHOCTY OTHeJbHuWX BUINOB Boxopochelt
CHyXUJL. NPUYHHOM cyuecTBeHHON mepecTpofixu BUIOBOTO cocTaBa ('i-
TOMMBHKTOHA B OepUOX 2KchnepumenTa (cM.teda.’,3). Tak, Hempe-
¥ep, B HAYAJe NeTHero SKCHepPUMEeHTH BMIOBOW COCTAB JNETHETO (M-
TONASHKTOHA B OCHOBHOM OHpeNEeNANCA CHHe-3eJeHuMA, NepUIMHHeDBH—
MH M 36AeHWMM BOLOPOCAAMH. K KOHIy 8KCNeDHMEHTA IOMIHMDOBANH
HRABTOMOBME M BAJEHW: BONOPOCJAM C OpeodjaanaHmen BUNOB Cosci-
nodiscus granii u Oocystis submarina, [loayver e ,JISyABTATH



46

nO03BOJIMJIA OPUEeHTHPOBOYHO onpeeJdTs NOCAenOBATEILHOCTL W3le-
HeHMA YyBCTBUTEJBHOCTH OTJEJbHHX CUCTeMaTHYecKux rpynn duro-
mraHkToHa. [lo ypoBHO CHUXeHIA YyCTOHYMBOCTM K NPUCYTCTBHO
CEMHIA MOPCHML ¥ COJNOHOBATOBOLHWE BONOPOCJM PHACKOrO 3aiyBa
pacnonaraoTca cJaenyoudy: o6pas’oM: 3cleHue - IMaToNOBUe - lepu-
MUHUeBHe - cuHe-3eJeHue, OZHAKO 3Ta MOCNEJOBETENLHOCTH YCJOB-
HA, TaK KaK cTelneHb MHTOKCHKAILMH $UTOMNAUKTONE COeAUHEeHUAME
TAXE/HX META/NOB 38BUCHT OT LEJOro pAne CHOTHYECKMX ¥ adMoTH-
qeckux daxropos /I6/.

o peayasTaTam MccaeloBaHuil OPUPOIHMX COOCUSCTB GMTO-
IIBHKTOHA MO BO3iefiCTBEEM CBHHIE BUABNEHH 3HBYATEJNbHHE Da3-
JUYUA TOKCHKOPE3UCTEHTHOCTH BOLOPOCJ]EH B 38BMUCUMOCTH OT Ce3o-
Ha ronme. BecHolt, B mepuol maccoBol BereTamptyl (MTONNAHKTOHA4 B
PuxckoM 3a/MBe, 8ABIULMANHNE CBOURCTBA HCCNELYyeMOI'0 NMeTala Npo-
ABNADTCA OpU ero Gojee BHCOKMX KOHLEHTPAIGAX, 4Yey Jcedbo. JITO
CRALETENBOTBYET O Ce30HHO! IMHANMKE Tokcmueckux sdjekros /1I/.
BepoaTHO, B aTOM OOCTOATEALCTBE CYLESCTBEHHYO DOJNL UILpaeT
"addexr OuomBccu” M TewnepaTypHui pemur: Boau. OTHOCHTENLHYD
yorolauBOCTE BeceHHero GUTOIIAHKTOHA X CBUHLY ONpeJSJAET TaKk-
Xe npeoCnanaliue B HeM CPABHUTENLHO YCTONYMBHX BUIOB BOLOPOC-
Jefl - Gonyaulux catenata, Coscinodiscus pgranii, Thal. - siosira
boltica, BHCOKYyOQ TOKCHKOPESMCTEHTHOCTL KOTOPHX NOLTBEpPIMIM
¥ 3KOJIOTO-TOKCUKOJOIMYECKUE IKCNEePUMEHTH C MOHOBMIOBHLI KYJb—
Typevd ONHOKJEeTOulX Bogopocneft Puxckoro samuea /I1/ (puc.3).

Taxu#y. 06pasoM, MHIMOMpyDUee NelicTBMe CBHHUA HE NPUPOIHME
cooduecTBa (MTONMNEHKTOHA .MXCKOTO 34JMBA HAYNHAET NPORBIATLCA
¢ KOHmeHTpamMu 50 mMKr/n.

BdcOKOYYBCTRUTENLHNUN TOKA3ATENEN. TOKCHYHOCTU CBMHUA AB-
JAOTCA HPONYKUMOHHHE CHOCOGHOCTH BOAOpOCKel, 49TO NO3BOAAST
YCTAHOBUTL MHTROUpYyDlUee NedcTBAE CBMHIA NPH OTHOCHTENLHO HUIKOM
YPOBHE 3arpAsdeHud.

Cpemn usydeHHmX rpyun ¢urolaikToHa Puzckoro 3ammBa Hau-
donsweld ycToHuMBOCTEO K HellCTBUD CBHHUA OCNALAOT 32JIeHHE BO-
nopociH, HauMmeHbmeld - cuHe-seNeHHe. PA3MMYUA TOKCMKODE3UATEHT-
HOCTM BOJAOPOC]O! CAYRET NPUUMHON ~yluecTBeHHUX U3eHeHUl ¢uTo-



Puc. 3, JMHamuKe OTHOCKTENBHOR uyncrneiiiocTs ( B § K KONTpOJ: 3)

| | 1 |
17 . 10 100 1000
P8 mre/n

OMHOKJIC LONELYX BOJZOPOCAell PitiCKOro 3auily LI0L DO3LLACT-
D@l CBUHUA B YCJOLMAX MOHQICY LTy (I-7) 1 aptpsl.i
-coobuecTp diTomiaiucreda (3) L OB T T
PrgedTs I Cye): I - viutoms iz = taal
costatur, 3 - Chuaatoceros
nana; S5 - ‘o cx“o"i"c‘_
tica; 7 = Jinophysls baluieu;

B& "..'rc.m.mc Tlilla
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LQeHo3a B peldyAbTATEe JUTHTEAbHOI'O BO3AeACTHBHA HHIHOMDYyOuUMX NO3
CHHHLIA. .

ApoiiticCcKoe MefcTBAE BHCOKMX KOHUeNTpalp#f CBAHUA COOPOBOX=—

gaeTcA cHUxeHder BUIOBOIO passHoodpeddd (uTOMNaHKTOHA.

3.

Cnucok aAMHTEepHad:.yYpPH
Eanonge MA., Bmamme uamedHeHult MUKPOKOMIOHEHTHOIO COC—
TaBa NOPCKOW cpemH HA DB3IBATUE MOHOKYJBTYD ONHORJIETOYHUX
pogopocae#t PUXCKOTO 38JMBS.-3KCHePUNVCHTANLHAA BOXHABA TOKCH-
konoras. Pura, J3udatHe , 1981, Bun.7, c.I4I-I57.
Banernkos all [ME pArpamy TeXHOPeHHEX MeTEJUIOB
B Gnocdepe W MPUHIMION OPTBHU3BLMH IKOJOI'UYECKOI'0 MOHHTOPUH=
ra.-B KH.: J4exnyHapouH''l CHUMOOSUYM MO KOMILIERCHOMY I'JoGalb-
HOWY MOHMTODUHI'Y 38TDA3HEHUA OKpyxaoweR npuponHoft cpemw. J.,
Iwnpokereonanar, 1978, c.I0-II.
BEporwvwaun . OnpeneieHne LMHKA, KAIVEA M CBUHIA B
NMOPCKO# BONE METONOM BMIepPOBOJLTOMETPHH.—B KH.: waTepuanu
CUMIIO3MyMa "3arpAsHedde CoJOHOBaTHX mopef". Imuxsa, 1974,
Ce21.
T'pymko /.M. Bpegiue HeopraHu4yecKue COeNMHEHWA B OpO-
MVHILIEHHHX CTOYHHX Bomax. J., JYumua , I979. I60 o.
Hopearaw Ad,, IatTuu C.A. Bmadue PTyTH, ~BUH-
na, KammMA U MemM HA OepPBUYHYD NPONYKIMD ¥ (UTOMNaHKTOH
HeKOTODHX NpHUOpPexHHX p: 'toHoB Cpemu3emHoro M KpacHoro uopen -
Oxesxonorua, 1975, r.15, & 5, c.886-890.
leftuepre MON.,Celcyva oK., AHZDY -
mai#rre TI.J. nap. [pumeHeHue mMeToL” MOMMETUNSHOBHX
MEWKOB B M3yYeHill RIMAHUA TAXeJHX MeTaantoB (Zn ;Pb ) Ha
coogduecTra ¢UTO-, 300— 4 GAKTEDPUOINAHKTOHA.-JKCOEDPUMEHTEb-
Hes BOINHeA TOKCMKoJOruf. Para, Omderde , I98I, Bunm.?7,
c. 2I-33.
derTenen B.B. Meromika ompenejeHEA TOKCHKO30B MO
nepoKcUNasHoil aKTUBHOCTH KpPOBA.-B KH.:lieTommka GHOJOTHYec—
RUX MccaeqoBeHuft mo BomHo# rToxcmromoruu., M., Hayka ,
1971, c¢.73-7G.
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8. Mupowuosn 0.I' HefraHoe 3arpA3HeHMe U XM3HL MODA.
Kues, Haywoma mywxa , I973. db c.

9, Moposos HI., Hemunwna ILIA., Coxrxoano-
pa J.d, Ipoxopuwesna HI. [lepexonguue u
TAXAJHEe METANIL B BOOE H I'H.&pOOHOHT&K Bantuiickoro caccefua.-
Tp. BHMPO, ., [umeBaa mpow-cts . 1974, 7.I00, 0.32-36.

I0. Mopo3aos HJ., TuxowmumEpoBa A,
Newnua JJ u1p. 4RpodJEMEHTH B BOIS, BIBECAX

. W pudax BanTuiickoro daccefina, B Kd.: Marepuamu I Beeco-
DSHOI'O CHMIO3HYMA 110 OKeaHOrpafMyecKuM ACHEKTAM OXDAHH
BOL OT XMMUTECKOr'o 3arpAsHeHua. M., Hayka, 1975,

U e I02-T07, '

T, Tarur C.A. Bmasue sarpassesus He CHONOTHYECKH® De—

CypoH ¥ NPOXYKTHBHOCTH Mupoporo oxeana. M., IMmemas

- mpow-cTh , I979. 303 c.

IR.Crporeudos H.C. Meromika onpenensHad TOKCHYHOCTH

©  pogHoft opemu.~B KH,.: MeTomMKa OMOJOIMYEeCKMX HMCCAeNOBAHHY
mo pongHoRt Tokcmkoaorum, M., Heyka , 1971, c.Il4-61.

I3. Tuxorwupona AA, Mopoaos H.I.,

 .Daruu  C.A. PryTs, cBuden ¥ xkammu#f B NOBEDPXHOCTHHX

" - .pomex Beatuitckoro wmopA.-B wH.: ieTepuams I BceoonsHoro
- CHMIOSHMYMA [0 OKeAHOIDEWYECKAM BCHEKTAM OXPaHHW BOL OT

~. . XmME9eckoro sarpasiesus. W., Heywa, 1975, c.ISO0-I53.

I4. Txaveuxo BU, dapruwua CB., IyraH-

" KuHHEAa EB. MeTommkAa OpOBegEHUA TOKCHKOJOIHYECKUX
OMITOB M HEROTODHE DE3YNLTATH leflCTREA MaTAJNIOB HA MODCKH®
QEHOKNeTOYHHE Bogopociy.-Tp. BHHPO. M., [muepaa npov—CTh ,
1974, t.I00, c. 63-67.

I5. Ya o006 JA. Mumukaropu fepmenToB B merTadonusna. .,

! Map , I966. 350 c.

/16. «maeuxo 0.0, Xooorsesn B.I. 3erpasuee

70 mevannaMu, ~00UAA SKONOTHA, OUOLEHONOTWA, TUAPOGUONOTMA.
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‘I7.Xodorsen BJTI., Kamxopr B.M. Kasrusuposa-
HEE 3eJeHHX BOJIODOCJIBH 4 HCOONMB3CBAHWE MX B TOUKCHUKOJOI'A-
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CYTO'HNE KOJEBAIW! KOIWIECTBEHHWX XAPAKTEPUCTHK
PUTOMIAIKTOHA BAJITHICKOI'O MOPfI

M.fI.FAJJOIE (MscTutyr Suonorwu AH JlaTeCCP)

KapTuita NpoCTPAHCTBEHHOT'O paclpenesieHysa IUIAHKTOHREX BOxopoouei
mopeft it okeaHoB B CONBLHHCTBE CJYYAEB CO3NAETCA HA 6a3@ DMASOAUUO—
CKMX W3MepeHKd CTPYKTYPHHX ¥ PYHKLMONANBHHX XAPAKTEPUCTHK (UTOMNAHK-
TOKa. Ha OCHOBAHINI TAKYX HAHRAEX OONYHO NANT XAPAKTEDACTUKY COCTOS-
HHA PUTOMIAHKTOHHOrO COOOWECTBA WCCAGLYBMOT'0 BONOSMA, NOBTOMY MONYy—
UaeMoe MPEeACTARIEHME O COCTOMMU GUOTH BOJNOEMA M O &r0 BKOCUOTEMS B
LUENIOM HE BCET'NA COOTBETCTBYET HelCTBUTBILHOOTH.

0COGEHHO BKTYANBHHM BONPOC CTAHOBUTCA MpPU W3YYSIMHA NPOCTPAHCTBEH-
HO-Bp&MEIHOT0 pacnpenenerua ¢urornankTona Baaruiickoro mopa, cBoeol—
pasite CHOTH KOTOPOro ONpeNesiAeTCA OCOCEHHOCTAMU 3KONOPMYyeckoR MoTO-
puy i reorpadmuyeciux ycjaopuit. HemMasoramyyl poJib B OTpaXeHMM AOCTO-
BepHON KApPTHMHH NPOCTPAHCTBEHHOIC pacnpexesieHns (UTOLOHOIOB HIpPA8T
Y4ET CYTOYHOTO PUTMA CTPYKTYPIHX XAPAKTEpUCTMK PuToniamxrona [I,2,
4,9].

MaTepuan u MeToauxa

C ueJibo NCOJNEAOBAHMA CYTOYHHX Kanedamult UMCA6HHOOTH R GHOMAOCH
OUTOMNARKTOHA MY MPOBEJM TPexXcyTowyHne c¢remxkyu I0-I2 amrycra 1983 r.
Ha KoMmIBKCcHON mHorocyrousofl craHwym ¥ I3 SkcnepyMaeHTAJBHOTO NOJAM-
rona (30KMT) B pallone Dentcrmnca (Bo BpeMst MEXBeNOMCGTBEHHON 3kcme-
IuiMKH no npoekty "BaaTuma") u I3-16 ceHTaOps 1987 r. B npuype3aosoll
aose (Ha usodate 0,5 M) Pumckoro 3aausa B paione noc.Mestyen. [pobu
PuromnapkTona Opasm 4deped kamnue 3 u (I4 cenTAdps), 6 4 (OCTAJLHHE
IHM) .

[IpodH KOHIEEHTPHPOBAJM MBTONOM olpaTHol dMALTpAIlM 4Yepes fuepHHe
¢uabTpe ¢ mwtameTpoM nop I mMuM. dunnTposaau 0,5a (Pumckuit gamus) wum
[,04a (cT.13) Boan. LnA KoHceppalMu Npod KCNONL30BAMM pacTBop Jaross
¢ yxcycHolt wncaotol [6]. Yuer guTomraMkToHa npoBOnMAM D CYETHOH Ka-
Mepe Tvna llawoTra odsemom 1,3 mn., BuoMaccy pacouUuTHBANM METOROM Ieo-
METPHUECKOTO NOAOGUSN ¢ ucnoab3oBanuem Gopmysi, DEKOMEHIODAHHHX INA
duronnankTona Gaatufickoro mopa [6]. Jlia CUHEILNECHHX K 36J6HHX BONO-
pocnell y'DiTHBAMH UHCHO KOJNOHMA, ZJUT OCTAbHHX Ipynn QUTOIIAHKTOHA —
UMCNO KAETOK.



PeaynaeTaTd M OOCYyxIEhle

llagop PUTONJAHKTOHA, BCTpeYeHWHH# B nepuon necienopBalia, BECbMA
orpaHuyeH (radn.l). B amprycrte I983 r. pomuuipyouumy (Haudosee MHO-
FOMMCJASHHNMH) BUOAMM COHIM CHHE3eJselle BOROPOC/Bl Aphanizomenon flos—
aquae ¥ Nodularia spumigena, OCHYHO BH3INBaWlUBE "LBETEeHKHE" BOIH B
BaartyfickoM Mope Bo BTOopodl nonoswie seta (2). B cenradpe 1987 r.
ocHoBHOM rpynnoft duronnaukTOHA OGHIM AMATOMOBHE BONOPOCIH, B CIMMUCOK
MACOOBHX BMROB BXOIMJIM Cheetoceros ap., Coscinodiascus sp.,Fragila-
ria crotonensis,Navicula ep.,Nitzschia acicularis, Rhoicosphaenia
curvata. B CBA3K O ABHHM NpeolJAnaHMeM B odeux cheMxax Baropocaeit
JHLEL ONHOA TAKCOHOMMYECKOMR TDYMNH, YETKMX TEHHEHIMRE CyTOWNMX M3Me—
HeHMl COOTHOmMEHUA pBAMHX Ipynn PUTOMNAHKTOHA YCTAHOBMUTL HE yIajsoch
(Ta6n.2,3). Taxue uaMeHeiMa, ONHAKO, NAGMonanM oceHeo 1987 r. (npu
BHAMNTENILHOM BHIOBOM DA3HOOOPA3uM QUTOMNANKTOHA) IJNA HBYX JOMMHU—
pyouMx rpynn Bomopocseil - Cyanophyta u Bacillariophyta. UMCJIEHHOCTE
CHHO3EJBHHX BOXOpochsid cocrannsana 3-22% odwedt WwMCNeHHOCTH (UTOMNANK-
TOHA, UMCJAEHHOCTL OMATOMOBHX — 5I-I00%. B HOuNOE BpeMAa IO0Jif YMCJIEH-
HOC'TM IMATOMOBLYX ¥ CHHE36JIEHHX BOJNODOCHelt 3aMeTHO cxuxanach(y CuHe-
3EJIeHHX OONYHO JO MEHee 3%), ONHAKO COOTHOWEHME B3THX ABYX IDYnn
0CTABAJIOCh HA ONHOM yponHe (Tadx.3).

Tadmua 1
Bunosoft coctap PUTOIIAHKTOHA

BcTpeuyaeMocTh

Bun ABrycr 1983 r.| CeHTAGpPs
1867 1.

Cyenophyta
Aphanizomemon flos-aquae(L.) Ralfs.
Chroococcus turgidus (Kutz.)Nag.
Gomphosphaeria lacustris Chod.'
Microcystis aeruginosa Rutz.
Microcystis sp. ’
Nodularie spumigena Mertens
Chlorophyta
Monoraphidium contortum(Thuret )Kom.-Leg. +
Oocyatis borgel Snow +
0. golitaris Wittr.
0. submaripa Lagerh. +
Pediastrum boryanum(Turp.)Menegh.
Pediastrum ap.
Scenedesmus acuminatua(Lagero.)Chod.
3. ecornis(Ehr.)Chod.
S. quadricauds(Turp.)breb.

D+ + + + O

+

+ o+ o+ o+



OxoH'1aye Tadn, L

Bitn BcTpetiaeMocTy

AprycTt 1983 r. | Centndpsb
: 1987 r,

Pyrrophyta
Dincphysis basltica(Faule.)Kof.et Skog. + +
D. rotundatm Clap. et Lahm. +
Lxuviaella baltica Lolm. +

dacillariophyta
Caloneis sp.

+

Chaetoceros danicus Cl.
Ch,wighamii Bright. +
Chaetoceros Bp. +
Cocconeis pediculus Ehr.

o + O T+

Coscinodiscus granii Hough.
Diatoma elongatum (Lyngbd.)Ag-
D. vulgare Bory '
Fragilaria crotonengls Kitt,
Frogilaria ap.

Melosira variane Ag.

Kelosira 8p.

+ + > 4+ >+

Navicula cryptocephala Rutz.
N. gracilie Ebr.
Navicula 8spp.

-

*

litzechia acicularis W.om.

Rhoicosphaenia curvata(Rutz.)Grun.

Synedra acus Kutz.

S. ulna (Nitzsch. }thr.
Euglenophyta

+ + + o+

Trachelomonad Bp. +
i
Mpumumewasnne. [ - norwupyoude (nandonee Muorqqucnemme)
BWIH .

CyTOUHNA pHTM KOJEGSaHWN oGuweM YMGNEHHOCTH M GUoMACCH DUTONNEHK-
TOH3 NPOABNAACA HNOBOJBHO OTYETIUBO. JHEM OTMEUaJM NBOIPACTAHME uHMC-
JNEHHOCTH M OUOMACCH IIAHKTOHHHX Bonopochelt ¢ MAKCUMYMOM focag nony-
IHA, ZBNee HAGINNANAK CHWKEHME ITUX IloKadaTeneld (puc. I-3). Ammum-
Ty CYTOUHHX KOJeGaryil KO/MYeCTBEHHHX XBPAKTEPUCTHK QPUTOIIAHKTOHB
OuN8 BECHMA 3IH3'ATEALHON, MAKCHMAJLHAA YHCAEHHOCTH MPEDHIANE MUHH-

MaJbLityp B 2—4 pasa (puc. I, 3). Hanpumep, cpeaHeB3BemeHHan umcsaeli—
ROCTh ONTOOIAHKTON2 B cnaoe 0-20 M B asrycre 1983 r. B Teueime
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CyTomHNe M3MEeNEEMA ducieHEccTA QUuTommanrToHa DanrTallckore Mopa =a aumoft

CTAHIMW B palioHe BexTcmuica B asrycTe L1983 r.

Tadmams 2

I2 yu

Bpemsa UucneraocTs dMTCMNAHKTORa, MIH, 3K3. /M
{10 T'purmnyy) Q0OBECHOCTHHRE CJI0R cho 0=20 M

odmee % CpeIHEB3BEMeHAR T
KO-~ Cyanophyte Bactllariophyta YHCJASHHCCTE
4ageTEY

21 52,8 94 3 25,4

3 48.0 83 I 47.8

9 68,8 29 I 66,0

I2 123,0 95 I 73,4

IS 96,0 g7 I 66,2

21 35,2 956 I 18,8

3 33,6 99 I 30,4

S 59,2 39 I 65,6

15 22,4 99 I 68,0
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Puc.3. CyTouHAA OMHAMWKE UMCAEHHOCTH QUTONJAHKTOHE
npuy pesorofl 30Hu Kkmuoll uncTH PvmCKOro _3aausa HO
u3ocate 0,5 M (noc.Menayxu) 13-16 IX 1987 r,

ANBJIOTIIYHNE KONBOAHUA Had/muanM ocenbb 1987 r. (tadn.3). TNpu aTom
CYTOYHHE KOMBOGAHUA YMCAECHHOCTH ¥ CHOMACCH (UTOIIAHKTOHA 4ACTO OwIH
dosiee 3aMETHH, 4YEM MIMEHOHWA BTHX nokalaTtenefl No IHsM QIR onpepe-
JIEHHOT'0 BpeMeNH cyTok. Tak, ¢ 6 no IO amrrycra 1983 r. cpexHss ymc-
NeHHoCTs PuToruankTona B caoe 0-20 M B 12 4 Mensnsob ot 0,8-10° no
3,4-[07 9K3./J.

OTyeTniBui CyTOUHHA DHUTM 4WGJIEBHNOCTH M CMOMACCH -MUKDORONOpOCJIeH
BaaTuiicKOro MOpsA, KOTA3 MAKCHMaJblie 3lHAYEHMA 9THX nokalartened oT-
Meqasy nocJie NOAYNHA, OMUCAH JUIA pa3Hux pailonon BanTulckoro mops
[1, s, 7, 8]. Hanpumep, B palloHe ADKOHCKOR BRaaMiL CMOMACCR MMXDO-
Boflopcc/ell B Teuerne cyTok MeHanack ot 10,4 (00 4) mo 14,6 (IS )
mrC/u® [5]. Aussiorduiye WIMEHEHHS OTMEYEHH A KOHUEHTPALMH XJODO-
duana (4, 6].

CyTO4YHHE M3MENEHMsT KOMU'EeCTBENHUX XAPAKTEPUCTHR PUTONAAHKTOHA
CBA3HBAT NPERJIE DCErO C U3IMEHBHNEM OGEEWEHHOCTH [[, 4, 7, 6]. No-
Ka3ano, 4TO0 cyTowmue uWameneHus GoToCUHTB3D PUTOMNAHKTOHD AHAJIOIU4-
HH nadyonsemum y BucuMx pactenull [2]. B kauecrme apyrux axropos
NPYBOAAT PA3MHOXENNE NPEUMYWCCTREHHO B ONPEAEJEHHO8 BPEMA CYTOK H
rpasuTalionioe ocaxnewne [7, 8}, pueanume acomnankronom [6].  fis
CHIE 3CAEHNX BOﬂOpOCﬂB" CyiecTBBHHOE 3HA'IEHUE MOXET HMETEL HIMEHUM-
ROCTb HHTEHCHBHOCTH [EDCMOWKBAHMA, TOK K8K WX CKOIUIGHHE Y NODepX-
HOCTA 32 CYeT [IOHMXEHHOI'O YUeNbHOr0 Reca BO3MOKIO TOJLKO B THXYD
norogy [5).

[}



Taomium 3

YycneHHocTh Cyanophyta (I), Dacillariophyta ([1) ® oOwan
uucnennocts Purorankrona (W) n nprypeaovpofl one mkHoN uacTH
Puxckoro 3asmnpa (noc.Mesnymu) Ha usooate 0,5 M B cenraope 1987r.

Jlata (HOBP]GD%E)H:_‘;') quc.;lem;oi:'rb d)uTonin]aHK'roua[. wui.;lk:-_\./ﬁs_
I3 IX 2@ 5,0 (1T) 38,9 (36) 45,2
14 1X 00 2,6 (6) 35,5 (77) 46,0
3 1,3 (3) 26,3 (6I) 43,3
6 5,0 (IT) 23,8 (51) 46,4
9 13,8 (22) 37,7 (59) 87,9
12 20,0 (I8) - 76,7 (67) T14,3
15 13,1 (17) 40,7 (54) 76,2
21 - 43,1 (93) 46,3
15 IX 3 - 31,5 (92) H,1
9 10,0 (7) 92,2 (67) 138,1
12 12,6 (7} 123,0 (73) 169,4
15 H,2 (2I) 129,0 (79) 163,2
21 - 70,3 (100) 70,3
16 3 3,8 () 69,0 (95) 72,8
9 10,0 (8) 98,4 (82) I119,6
I5 13,7 (10) 120,9 (90) 134,5
21 6,3 (8) ' 66,5 (87) 76,6

MpumMmeyYya n n e. CKOOKKH - NPOUBHT OT olwel YUCAGHHOCTH.

C yweToM TOro, UTO NEPUOA HALCI'O MCCJIEAOBAHUA COOTBETCTBYCT
nepuoNly MHTEHCUDBHOTG Pa3BMTUA $UTOIIAIKTOHA (2], MOXHO NDEHIONOKUTE,
YTO CYTOYHHE KONEGAHUS WHTEHCUBHOCTU DBHENdHH;A 3aMETHO BAMAIM HA M3~
MEHENUA YMCIEHHOGTH ¥ OuoMaccl @uToivlankToHa. |lo manuum T.C.[letvna,
payk® oOHYII0 NOTPOCAANT HE TONBKO MQRCCORHE Buan (M TOMIAHKTOHA, ‘liC-
JEHHOCTH KOTOPHX coctamnmer Gonee 5:10° xn/M®, Ho mamxe wacwpaTens-
HO — KpynHHE no,uopocnu', YUCJIEHHOCThH KOTOPHX MOXET HE 11PepuwaTL
I0 l(J'l/MB npu BHCOKOR Onomacce L'z, 3]. TaruM 00OpPA3OM, C DHEJAGHULM
MOPYT OWThL CBA3AHH 3HAYNTEJbLHHE CYTOWMe KoJaeGaiMa OMoMacch QuTo-
TUIAHKTONA .

PeayJLTaTR NPODCHEHHOrO HAMHM UCCJENUDAHWA CBUICTEALCTBYOT O He-
0OXOAMMOCTH NPUACPRMBATHCA ONPEACNEHHOIO BpeMeHM npu c6ope MmaTtepuHa-
s no guronnanktony. OTdop npod duromnanktoHa Daaruilckoro Mops xena-
TeNALHO ApOBOAUTL ¢ 9 Ho IS 4 no I'puHnuvyy, KorAa HAG/UOKANTCH MOKCH-
MaJIbHNE KOHUEHTPALHM Bopopoched.
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o DUIRNAL CHANGES IN DBALTIC PHYTOPLANKTON .
M.J.BALODE

In August 1983 at the standard atation near Ventapils and in
September 1987 in the coasstal area of the Riga Bay phytoplankton
abundance and biomass gradualy inoreased in the morning and maxi-
ma were recorded at about midday. Duirnal changes were much stron-
ger thdn day-to -day variability. Posaible effeois of graring,
irrediance and water mixing are disocussed. Phytoplankton semplea
in the Baltic Sea are to be collected between 9 and 15 o'clook
GMT.
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COCTAB, PACITPRUEIEHVE M MEXTORORME |GMEHEHMA
SUTOIVIAHKTOHA BOCTOYHOR WACTH OUHCKOT'O 3AJMDA

B.H.HVKYJIMHA (I‘ocynapcr_)aeﬂuun THAPOJOTHYECKHA HHCTHTYT)

AxpaTopua QMHCKOro 3aJMBA, HE KOTOPOX NMPOBOMLMCE KCCJELOBAMNA,
HHTENCHUBHO MCTONBLAYETOA IJAA PEKPERLMH, PHOHOIO NMPOMHCJIA, T'DY3IOBHYX
M NACCAEMPCKMX N8peBO30K. HA BOCTOKe OHAa BKJm4AeT B cedA HeBckym
ryly, Ha 3anaje orpaHyysHa MepunuaHoMm MHC lienenepo — Muc dsorckuit.
Mayyenue QUTOMNAHKTONA B Teyeune naTv Jet (¢ 1982 no 1986 r.) u
cpaplHeHue ¢ HEMHOTOUMCHEeHUNMM NDeNHAYWVMM UCCAENOBAHMSMM, MDOROAMB-
mAMMCA Ha N210i0fk akBaTOpHM [I, 3, 4, 7], NOABOJMJM RARABUTE 6T0 Xa-
paxTepiue O0COOEHHOCTH M YTOUHMTH BIMAHME ANTPONOreHHOro nospelcTeus
Ha COCTaB IUIANKTONHLX BONOpPOCIEH.

D HacTosuell padoTe OOCYRNANTCA MATCPYAJH, KOCAWUMECH TONLKO BO—
CTO{HOW 4acTH DIICKOrO 3AnUBA¢ POJYJLTATH UCCNEeROBaHith PuToNark—
Toua HenckOM T'you omydnuxosany panee [6).

Cpenuasa rayouHa Qiickoro 3asmipa B pafloHe KccaeRosawmfl coctannser
I7 M, MakcumanrHag - 30 M, Bpema BoacoOmena - 0,I7 ropa. CpenHas 3a
Malt - OKTAGPEL COJNEHOCTbL BOAH — OKOJIO 2%, C K3MEHBHUAMM C BOCTOKA
Ha 3aMajl M OT NMOBEPXHOCTH KO JAHY — B npexensx 0,5-6%, .

MaTtepnaa u MeTOmM

MaTepuan colupanca no cetke cranuufl (puc.l) B TEueHMEe BEreTaLp-
ounoro cesona (mMall — oxkTaGps). DWid BuneJsenn onopuse Touku (cT. I,
15, 16, I9, 23), rne npoOw OTOMPAMM N0 TOPM3OHTAM (yepes 5 M) KoE-
aHe 20 nHeft, 1a oCTaAbIMX — MHTErpMponannHe U3 spborwyeckofl 3o
(caolt 0 - 3-16 M). KonmuecTseluwe npodn (odsem. 0,7 1) dixciposasnt
dopmanynom, orcraupayM B Teuenne 7 - I0 cyT ¢ nocsenywuym OTUERI-
patsem 00 30 - S0 mn. Bonopoc/ nonc'MTWBAJM B KaMmepax HaxoTTa oGpe-
mom 0,02 n 0,05 mi, Guomaccy onpelenam oCUeNPYHATHM pPACHETHWM CHO-
ceGoM.

Ja enMiuyy WMCACHHOCTU BOAOPOCHeR npujiMMaaM kJeTKy. Y cHHedene-
HHX IMTHATHX GOPM, DIE KJETKY NPOCMATPUBAMCh HeyeTko (Aphanizome-
non,Oscillatoria), MW3MEpAIM JJMHY BCEro TpuUxXoMa ¥ JAelwm Ha 6,npa-
HMM3R B CpPEOHCM JUIVMHY KJeTKM pABHOR 6 MKM, Y KOJOHHANALHUX CJIM3UCTHX
fopm (Microcystis, Gomphosphaeris, Coelosphaerium) MOICYM THBAJIH
YUGNO KJIBTOK B "3TAJOHHON" KOJNOHMN pa3Mepom 20) MKM®, 3ATEM H3MEPAIN
IWIOWAR) WKOJOHUKM W YUMTUBAJK KOJM4ECTBO KJETOK BO BCEM ee odneme.
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THE BALTIC SEA AKD THE R!GA GULFP NEARSHORE AREA
ENVIRONKENT STUDIES

18 th Conference of the Baltic Oceanographeras, St-Petersburg, november

1992.

Apine S.%, N. Balode¥, E. Boikova¥, R. Laganuvska¥, G. Lagzdins?,
R. Filmapovicha¥, A. Auzins¥, P. Pallo¥ and R. Gaumiga¥¥
)
t lnetitute of Biology, Laboratory of Narine Blology, 3 Niera Street,
Salaspils, LV 2169, Latvia

tt [ngt{tute of Fisheries Research, Kinistry of Fisheries of
Republic uf Latvia, 6 Daugavgrivae Street, LV 1049, Riga

ABSTRACT

Results of the coastal gstudies in the areas Ainazi - Saulkrasti
and Gipka - Ovisi{ are esummarized. Quantitative and qualitative
tronsformations in . plankton and benthos organfisms and ichthyofauna
tave been studied under anthropogenic load. Hydrochemi{cal regime of
tbe coastal areas bas been estimated. Pollution level was evaluated
according to saprobity degree and trophic level. Suggestions have been
mde for the protection of the nearshore area. The results can attrac?
the interest of biologists, ichthyologiets ond specialists of noature

conservation.

[XTRODUCT ION

the Baltic Sea a particular attention {s being

i an {mportant part of ecosystex
resources

In the study of
pald to the coastal zone wbich
sccording to both the reproduction and protectian of nature

and economic point of view.

Investigations of the recent 23 yeare carried out at the Latvian
lostitute of Biology speak about a considerable eutrophication of tie
searshore areas of Baltic and the Gulf of Rige. This process 1ie¢
indicated by such characters as lowered water transparency, increasec

sccunulation of Dblogenous elemen’s high levai of organic stuff f{:
witer, escential &tructural transformatione 1n biocenoses on varicdsk

trophic levels express by replacement of "dominating spe:ies and ‘*Le
jacrease in the total biomass.

In the coastal areae of the Gulf of Riga, particularly i‘s
southwest part, a bloom of algae not tipical for the gulf has beer.
observed ( toxic Dblua algae Microcystise aeruginosa ) lowering the
quality of water. Structural transformations {in biocenoses were
observed in plankton heterotrophic part as well. Along the coastline
¢f Yidzeme and Kurzeme high bacterial pollution has been stated. The
e4nitary norme have bean axceed by 2.3 - 240 times in epring in 50 X
of cases and in summer {n 60 - 70 X of coses. Therefore bathing {u

moy areas is probibited.



{n the rusvull of (nirwaved wdlrouphliation npegatlve tendencies
bevn observed in the devevlopment of wmicro-, mesozpoplankton
microzoobenthoe whicb beling a tovod basf{s for (Ish, can result In gr
loseées in fish-farming. The structural changes in microzooplankton &
the Riga Gulf coostal wastes are retated with a with a lowered speg)

divereity, {ncreasad average blomass, and mass development of separg
autothrophic cillate forms ( KNesodinfum rubrum, {n particular ) whiq
facilitate active utilization of biogenous etuff ‘and indicate to t%,

Inmportance {n the cycling of blogenous stuff

In' the development of mesozooplankton an increase of roLilb.

( Rotatoria ) nuober and biomases was observed which use mi{xed typy
of{ food : ultraseston, tiny algae, unfcellulars, bactarf{s
The tnvest{gatifons reveaiad an {ncreasesd roie of filtrators and;
deposit feaedere ( Nacomu balthfca ) and a decreased role of Konoporefy

affinls ¢ {ndicator of a relatively clean enviroument ) {in the
structure of macrozoobenthos. Negative features of eutrophication aref
datected also in also {n (nhibited devalopment of macrophytas, shifted

fish spawning areas etc.

B4

In 199)] there was done complex hydrochemical and hydrobiologiculq
etudtes along the coast of the Gulf of Riga and Baltic. The main tosk
was to find out the present ecological situation and evaluate the:
nearshore pollution level {n order to devalop corraspondlnaf
legimlation for the protection of coastal areas. H

KATERIAL AND METHOOG !

Bcosystem investigation 1n the coaetal areas of the Gulf of Kigy;

and the Baltic Sea was carried out (n spring ( April - May ) and
summer ( June - July ) of 1991. Sampling were carried out in;
pseudolftoral and sublitoral ( to 20 m depth ) on 39 stations ( (f{g. -
1) on 0.5 5, 10 and 20 m horlizoans Sampling and treating was held -
iccording adopted methods ( 1, % - @; 11t - 17 ).

tBSULTS ARD DISCUSSION

Results of the hydrochemical and hydrabiological studies {ndicate
© a heavy anthropogenic load on the coastal zone of the Gulf of Rigs

nd the Baltic Sea in the area Saulkra=sti - Alnaz{ and Gipka - Ovisi.
ne of the mafn {ta (ndicotors (& eutrophication related witi
rangrormations In Dbiocenoses and resulting in the {ncrease or
loiog{cal production accompanied by water ' bloom ”, changes 11

pecies compos{tfon and replacement of dominating species. A strong
utrophication aof Vidzeme and Kurzeme oareae Is proved by high
/drochemical {ndices ( BOD b maxima 9.7 mg/l, oxidatian or
'rmanganate 14.4 mol/1l, N-NO3 - 38.2 mal/l, N-NO2 - 0.93 mol/l,
NH4 - 24.3 dol/)l, P-PO4 - 1.Q03 mol/l ) factlitating an intensive
wvelopment of plankton and benthoe organisms. According to
cterioplankton development the shallow water ecosystems is
aracterized by a beta-alfa mesosaprobic pollution level as indicated

the total nunber of bacterfa reaching up to 8 nillion caelles/m:
fig. 2 ). One of the most Important indicators to fecal pollution -
® ndnber of coliform bacteria per 1 1 ( coli - {ndex ), reveals 2

gh  bactertal ollution of the coastal waters fig. 2 ).
rticuvlarly in he recreation zone where the sanitary permiss{ble



the wlatfion ore uxceoded ¢

1000 cells/ ] ) tn most of
water blooam w3

Is (
r' In 92 2 of the Cases obsarved

[odicators of phytoplankton quantitative composition ( fi1x. =
particularly {r

0.1 ~ 9.4 ( me@an 2.4
and at the
-17.0

I At. the Vidzems coast they ware
5{})sard units/m3 and 0.2 - 13.2 ¢ mean 3.0 > g/a3,
rgepe coast 0.8 - 18.9 (maan 4.8 ) milliard units/m3 and 1.6
s ( mean 6.4 ), ras‘}pectively. At the same time phytoplankton of the
Kgdallow waters of idzewa and Kurzeme i characterized by low
| species diversity, particularly {(n the estuary areas O!
about consliderable formwe-:

" the river di{scharges (fig. 3 ).

jng.

bjioganous load

at the coasts of Vidzeme anc
[§ i
¢ s

Shannon {ndex
in sepring and 2.3 and 1.9

to polluted coastal waters

PYi. The mean values of
yrzeme ( 2.2 and 2.4, respectively )
gummer ) {ndicate to bigh product{vitry,
£), The coneiderable speciffc weight of fresh water species, the
7drastic shifts in dominating specias near the river estuaries and thn
kocontlnl differance 1in phytoplankton species composition 'in the
shallow waters speak about the {mportance of i{nland runoff{ and the
‘Jocal pollution {n the formation of phytocenosie of given area. In
}.nardl. the development of microalgaea according to quantitative
4pndices in the given areas does not lag behind the development of
pbytoplankton organisms {n the psaudolitoral z20nes of the souther:
' Eutrophication of the Vidzeme and Kurzeme coastal areas is

gulf ¢ 3 ).

proved by tbhe following characters: bhigh phytoplankton biomass;

abundant water " bloom " {n spring and sunmer; presence of dblue algasx
increasad {mportance of diatoms {n sunmer

in spring phytoplankton;
phytoplankton contrsbuting to 90 % of the total algal number and to 87

. § of the total bifomasa. (t (s distinguished by & demand of high level

. pf biogeneus elemente in Sceletonema
costatum ( 2). [ntensive algal development in the
coastal sublitora)l zone to the depth of 20 n.

water, particularl]y it concerns
was observed also

) also davwe

The other menbers of food wedb ( except zooplankton
bigh quantitative indices. [n separate coastal biotopes ( Vaide, irve
estuary, Randu meadows, Ov{sf, right bank of Salaca, Silmalf, Dunte,

with

fkulte ) the nunber of ctfliates reaches even 120 million ind./m3

. the maximum in summar. In the wmentioned areas a high increase o
ciliate biomasse has aleoc been oubserved - trom some tens to sevaral
thousand mg/m3, in Ovisl In summer aven to 32 g/md ( fig. 4 ). The low
values of specles diversity speak about unfavarable conditfons tor
the development bf Cilfate assaciations 1n the mentfoned etations.

The zooplankton,contridbution in bfomase 16 rather low ( fig. 5 )
particularly in spriang. it can be explained by var{ous reaeons: the iow
temperature during zooplankton development in spripg 1991, outgrazing
¢ consuamption ) of the organismsé taking into consideration that the
Vidzeme cOn6tal area is the ,mafn spawning and feeding ®ite for yaung

fieh and the plankton eatiog flah.

Macrozoobenthos studies also reveald a high trophic level of ‘he
invaatigated areas. The average tota) blomase of organisme in Vidzeow
- 8 g/m2 with maximum {n Oviai ( 437y

and Kurzeme coastal areas is 4
g/me ). It is notable that filtra%tore
deposite dominate in blocenocse which are considered as

and consumere of sed{ment
sutropbication



intens{ve recreatfoa activitiese ( msapecially
at the Vidieme beaches ) and increased water tenperatures, a growth (L
bacterioplankton, protozooplankton and mesozooplankton organfes
aumsbere has been observed. Thus, the total number of bacteria .n
compar{eon with sepring, Iincreases by 2 - 4 timese {n mast of the
statfons, the number of saprophytic bacteria ( 20 o C ) by 5 - 30
times. The average nunmber of ciliates {ncreases by 15 - 18 times, bu:
the number and biomass of flagellates by i2 and 15 timas,
respsctively, being tmesan 12  g/n3: Intensive “'developmant  of
Huglenophyta group . contributes to --a great increase of flagellates. '
The mean values Of mesozaoplankton dlomass increases by 5 - 50 times
Due to a high {ncrease of anthropogenic load {(n d&ummer, tae
concentratiaon of readily oxidized sudbstances is aleo obeerved to be
increasing, with the mean 3.93 mg0O2/1, ae well as that of ammoniun

ajtrogen reaching 24.3 wmol/) ¢ Gipka ).

In suneer durlng mOre

In general the coastal areas of the Riga Qul{ Vidzeme side, in
:omparison with those of Kurzems and the open Baltic areas, are
‘haracter{zed by higher anthropogenic loads due to greater population
ensity and essential differences in hydrologic regime. At the Vidzams
cast the population dens{ty is more than twice above of that of the
urzeme coast ( 4 ). These areas are more affected also by df{scharge
f the big rivers - Daugava, Lielupe and Gauja, while the main
urrents are diverted eastward, and they carry up to 80 X of the total
iver runoff. [n addltion, there (s o great number of emall streams at
1@ Vidzems coast, the catchment basins of them are {n areas o!
tensive agriculture, 1its effect (s mowt expressed in epring. Al.
Y2 factors influence considerably the hydrochamical an<
'draobjolaogical regime of the givea aress.’ The hydrochemical
rapeters ( expect ¥ - JH4 ) characterizing the bifogeneous ioac
e much higher at the V{dzeme coast than those at the Kurzeme coast.
r example, in epring the mean concentratione of nitrata nitrogen ana
neral phoepborus at the Vidzeme <coastal arens are 0.55 mol/l, 16.C
171 and 0.45 ‘m0l/), respectively, but at the XKurzeme coast the

lues ware 0.21 mol/]l, 6.3 wmol/)] apnd 0.11 ®mol/]l. The maximsum values
bfological oxygen demand bave also been observed at the Vidzaxc
1st, its maximum was at the Skulte station on the 11 m depth, 9.8o
Y271 at the water surface corresponding the 3.22 max. permissioie
icentrations. It is typical that off the shore the values of BOD.
atly fall. lf among coastal stations 63 % of them exceed 3.0
2/1, then in deep water stations it occurs only in 7 % of etations.

The permanganate oxidatjon at the Vidzeme coast is on the average

times higher than at the Kurzeme coast. This relationship f{s
sting also in deep water ‘stations, though the abeolute values are
or thap those of the costal stations. The amount of oxidation (s
icted by the inflowing small)l river waters ( 1in the area Ainazi -
'rupe ) rich in humid substances.

be hydrochemical differences in the given coastal areas have a
ed effect on the development of plankton and benthic organiema.
quantitative indices 0f organism aunber and biomaes are lower at
Vidzems coast {n comparison with those at the Kurzems coast.



load tbe pollutlion types may k=

Under on Inciwessed anthropagenl!c
v different. In addition to the stinmulation 0Of organfisw daevelopmen™
- causad mainly by readily destructed organic substancoas and biogeneaus
‘elements, in the pseudolitorsl zone of the Vidzeme covoast an Ilohibitirg
affect was observad which <could be caused by the presence of tori:
In the result of {t the structure of plankton and benthos
natura.

lcomponents.
their function{ng and

organiems is transformed,
selfpurification processes are inhibited ae it can be clearly seean at
the area Liepups -

the Vidzame coast 4in spring, particllarly f{n
spite of comparatively btigh concentratlons of organi:

Peterupe. In

stuff and blogenous elements befng complately able to suppart plank.cn
fnhibition of {ts devalopment has bkeen observed
plankton tuts) blomsss and the low valuzs
2.0 tor phytoplankton and 0.4 :c:

pmlcrozoaplancton Y. This area {3 distlnguishad also by an extrems.y
unfavorable sanitary state ( (fig. 2 ). The number of colil ba<teria
reaches (ts critical limtits, by 240 times excesding the sanitary
permissible level. It eudangers human health ats {ar as it proves a
constant faecal pollution. An  untavorable esanftary state (n tha
Liepupe - Saulkrasty area bhas been observed up to 10 m depth as
.-Indicated by the davelopwment of bactaerioplankton, nanoplankton and
hetarotrophic microplankton. Towards the centre of the Gul{ tha wataer
quality {mproves. That s clearly f{llustrated by the changes {n the
total number of bacterf{a. | such a way, 3 - 5 km off shore the total
amount of Dbactarioplankton bas decreased twice 1in cowmparison 1n
compar {son with the ehallow water 20ne, the amouant of saprophytes up
to 10 times and coll {ndux to 500 timeza lower. Tho studies or

pbytoplankton, microzooplankton, mesozooplankton and benthos also

developmrment, an
reaflected {a the valuas of
of speclies diversity index ( mean

fndicata Lo pool’ ecologic state at the Vidzeme s4a cosast. According to
the organism nunbar and biomass the zooplankton of Vidzeme coostai
areas raveals considerably lower {ndices in caomparison with that o!
the Kurzeme coast. the average of Vidzeme areas belng 1290 ind. /m3 auc

7 ng/m3 apposita to the ind. /m3 and 216 uwg/m3,
respectivaly. That could be by the difrerence e

outgrazing rate and the polilutfon of quantitative
and qualitative indfces of benthic fauna aleo prove about unfavorableé

conditions at the Vidzeme coast. Due to the small distance from the
open Baltic tha conditions at the Kurzeme coast are much better for
benthos development. The sanme rafers also the development ot
microzooplankton that s clearly proved by the discrepancies 1n

indices of specles Jdiversity.

Kurzeme values 34 330
explasned
the riven area. The

Unfavorable ecologi: sltuation and {ncreased anthropogeni< ioad
at the Vidzeme cuast was observed along all the jnvestfgated areas ani
in all the trophic Jevels. That was proved aleo by schthyolagic
studles: laige-scale perishing of herring uWgES, morphologically
transformed DJerring embryos, decreased number of young f(isb,
particularly {n suvmmer ( by 1.7 times in coumparison with spring ) The
mentioned phenomena were extremely notable in the area Dunte -
Saulkrast!{ that speaks about essantial di{sturbancas in repreoduction of
particularly berring ) ond appears to be a result of

fish resources (
provad by studlas of 1984 - 1988 ).

constant pollution «(
of ichthyofauna the coastal areas of
fmportant feeding sites tor

According to the studies
Baltic herring ) apd thetr

Kurzems and Vidzere, in particuolar, are
econonl(cally used fieh ( herring. flounder,



young. The fiah catch at the Vidzeme coast (s 11.6 thous. {nd./hr, at
the Kurzeme coast 5.3 thous. ind. /br, that of the young fiéh fis 1.4
thous. ind. /hr and 1.3 thous. ind. /hr raspectively.

The Vidzeme coastal areas are lIpportant for berring and eelpout
spawning, particularly {ts northern areaé Ainazi - Svetupe. The area
>etween Liepupe - Saulkrasti which receives an Increassedanthropogenic
load, is rather intensive spawning area for herring. Thase areas ars
'mportant feedi{ng places not only for marine fish ( herring, eelpout
' but also for fresh wataer f{sh ( parch, bream atc. ) and thatr

‘oungs.

Saprobity {ndices are also ‘different for both coastal areas.
wcording ta quantitatfive and qualitative composition of {(ndicator
rganiams the southern areas of Vidzeme coast are polluted to alfa -

eta - mesosaprobic degree, but in the areas betwaen Dunte and Skulte
the pollution reaches a polysaprobic level. Vhile the aress at the
Kurzeme coast are characterized as -mesosaprobic ones ( separate

areas as Kolka, Mazirbe, Irbe, Lielfrbe, Nikelbaka ) with a tandency
to A-masosaprobic level. A polysaprobic pollution was atated only in
the area Purvciems - Melneila. According to trophbic level both
zoastal areas belong under eutrophic degree with some ultraaeutrophic
features.
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THE ROLE OF CYAROPHYTA IN FORMATIOR OF PHYTOCEROSIS
IE THE RIGA GULF

Maija Balode, Aldis Auzins. Institute of Latvian Academy
of Sciences, 229021 Salaspils, 3 Kiera str., Latvia.

The structural studies of phytoplankton in the Gulf of
Riga have been started already early this century (1908),
and they reveal a clear dominance of the blue algae in
summer. The studies of the recent 25 years speak about an
increasing eutrophication of the coastal areas, particularly
the southern areas which are most subjected to anthropogeric
impact. The importance of the blue algae is increasing on
the formation of phytocenosis. The duration of blue algae
donipance and its bloom period is becoming longer, it can be
considered as hypertrophication af the sea. The specific
weight of facultatively toxic blue algae Aphanizomenon
flos-aquae and HNodularia spumigena 1is growing in summer
planktop as well as in the formatior of spring phytocenosis.
In the recent years (1988-1990) a shift in the dominating
specles of summer phytoplankton has been observed that was.
reflected in the bloom of the blue algae Xicrocystis
aeruginosa and Aphanizomenon flos-aquae in the coastal gulf
waters.
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VIII. Abstracts

ICES mar, Sci. Syimp., 197: 260

Eutrophication of the Gulf of Riga

A. Andrushaitis, M. Balode, and G. Lagzdins

The Gulf of Riga is one of a few regions of the Baltic Sca
where the average concentration of nitrogen and phos-
phorus continue to increase; in most of the other regIons
they have been stabilizing since 1984. Average annual
loads of cutrophying substances during the last decade
are estimated at 55.6 X 107 t of BOD,,, 80.2 x 10" t of
Nt (precipitation and N-fixation not included), and 2.3
X 107t ol Pi,. Loads of both N and P arc increasing by
4.5 % 10* t and 180 t year™', respectively. The rates of
primary production and mincralization of organic car-
bon are 1.4~1.6 times higher, while the surface-specific
load of organic carbon is 10 times greater compared with
the entire Baltic. The maximal observed phytoplankton

standing stock is 34 g m~*. High nutrient concen-

trations remaining during summer stimulate develop-
ment of such mesosaprobic diatom spccies as Nitzschin
acicularis and Skeletonema costatum. The dominance
period of blue-greens gradually becomes longer. Mass
development of the toxic cyanobacteria Microcystis acr-
tginosa has been obscrved in coastal waters during
summecr. Since the 1970s a dramatic increase in abun-
dance of bottom molluscs and decrease of bottom crus-
taceans has been going on. This has caused a 4-15-Told
increasc of macrozoobenthos standing stock.

A. Andrushaitis, M. Balode, and G. Lagzdins: Institute
of Biology, Latvian Academy of Sciences, 3 Miera Street,
Salaspils 229021, Latvia.
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ECOLOGICAL INVESTIGATIONS OF WATER QUALITY OF THE RIGA CITY
TREATMENT PLANT OUTFALL AREA
IN THE GULF OF RIGA

Boikova E., S.Apine, M Balode. G.Lagzdin3, R Filmanovicha, A.Auzin3
Institute of Biology Latvian Academy of Sciences,
Laboratory of Marine Biology

The state of coastal waters in the outlet area of the Riga city biological treatment plant
was studied during the first year of its work (1991-1992). Complex ecological investigations
including all wophic levels - bacterioplankton, protozooplankton, phyto- and mesozooplankton
as well as macrozoobenthos and hydrochemistry at different seasons in outlet area and the
mouth of rivers Daugava and Lielupe have been done. In 1992 the amount of biological
treated waste water, reached about 40 - 50% in relation to 1989, when only 10% was treated.
Obtained results illustrated that the effectiveness of biological treatment was relauvely low,
due to influence of toxic discharges from factories. Therefore the outfall area periodically is
characterized as a impact source of pollution. However, general ecological condition in the
Southern part of the Gulf is still governed by outfall from rivers Daugava and Lielupe.

EUTROPHICATION IN THE SOUTHERN PART OF THE GULF OF RIGA

S. Apine, M. Balode, E. Boikova, R. Laganovska, G. Lagzdins,R. Filmanovicha ,
A. Auzins, P. Pallo
Department of Marine biology. Institute of Biology, LAS, 3 Miera street, Salaspils, LV
2169, Latvia

The aim of project was investigate the structure of nearshore pelagic and benthic
COmr_Tlunities of the southern part including the main trophic levels, their dynamics in
relation with abiotic factors and different levels of anthropogenic load. The results of recent
years integrated with historical data illustrate essential changes in nearshore water
hydrobiocenosis : the increase of mean and maximum standing stock of bacterio-, phyto-
gnd ZQOplankLon ( rotifers ) and small flagellates, toxic algae Microcystis aeruginosa and red
Ude ciliate Mesodinium rubrum bloom phenomenon, changes i1n communities structure
appears. High nutrient concentrations remaining during summer stimulate development of
*‘-“Ch mesosaprobic diatom species as Nitschia acicularis and Sceletonema costatum. Since
”er? $ . a drastic increase of biomass of molluscs and decrcgse_ of density of amphipods is
s & On. In the recent 10 years the number of Colli bacteria increased ( 10 - 100 times ),
(')':ziiow 50 - 500 times exceeding the MPC. Du; to unsanitary sewage discharges beaches
indicessfhu[hf?m coasts had been clpsed for recreation. .Observauons of plankton and benthos

e high level of eutrofication of the Gulf of Riga.
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Fig. 1: Map of the Baltic Sea showing isohalines. Specific areas mentioned in this
publication: A = Askd - Himmerfjarden area, B = Bornholm Sea, C = Curonian
Lagoon, F = Forsmark area, GO = Gotland, GR = Greifswalder Bodden, GA = Gota
Alv estuary, H = Hanésund, KF = Kvidofjirden, KA = Kalmarsund, KB = Koporje
Bay, M = Moonsund, NB = Neva Bay, NA = Nordre Alv estuary, TJ = Tjamo, TV =
Tvirminne area, A = Aland Sea, OL = Oland, OR = Oresund.



INTRODUCTION

It was found essential to agree upon diatom species identification in the
Baltic Sea since difficulties have arisen due to the lack of exchange of
literature and language barriers between the different countries around the
Baltic Sea. Within the framework of the Baltic Marine Biologists (BMB) a
new working group (BMB/WG 27) on diatom species identification was
established by the BMB Committee during the meeting in Riga (Latvia) in
November 1990. This book presents the results of the first workshop of
BMB/WG 27 held in Forsmark (Sweden) 12-16 October 1992, providing
illustrations and brief taxonomic details of 100 diatom species and their
distribution in the Baltic Sea and adjacent waters in the south-west (Oresund
and Kattegat)

The Baltic Sea is the world’s largest brackish waterbody. For area
descriptions see Magaard & Rheinheimer (1974), Voipio (1981) and
Kullenberg (1983). It has a stable salinity gradient from ca 10%. in the south
to less than 1%, in the northern Bothnian Bay and the eastern Gulf of
Finland (Fig. 1). Many cosmopolitan diatom species are found in the Baltic
Sea and some seem (o find their optimum growth conditions in brackish
water. Elsewhere they are often found in coastal areas receiving freshwater
discharge (e.g. estuaries and lagoons), where the algae are mostly subject to
strong salinity fluctuations. The stable salinity values of the Baltic Sea offer
an excellent geographic region for studying the distribution of diatom species
along a salinity gradient. Considering the large size of the Baltic Sea, this
can only be achieved through cooperation between diatomists from the nine
countries surrounding it (Sweden, Finland, Russia, Estonia, Latvia,
Lithuanma, Poland, Germany and Denmark).

THE WORKING GROUP

The BMB/WG 27 consists of (palaeo-) ecologists and taxonomists who are
working with diatom species from the Baltic Sea and adjacent (more marine)
waters in the south-west. In January 1993, 28 members from ten countries
were registered (the nine countries around the Baltic Sea, and Norway).
Most members are active researchers working with scientific projects
concerning effects of pollution and quaternary stratigraphy. The working
group will always welcome new members.



The goals of BMB/WG 27 are the intercalibration of diatom species
identification and the description of the distribution of the species in the
Baltic Sea. At annual workshops, diatom species from different parts of the
Baltic Sea will be compared and discussed. Decisions will be made on which
identification is considered the most appropriate. Diatoms of all life-forms
will be included.

IDENTIFICATION PROBLEMS

Diatoms are increasingly being used in ecological studies on environmental
changes as the concern grows about the pollution of aquatic ecosystems. A
correct identification of the species is therefore of paramount importance for
ecological interpretations and comparisons between different areas. The large
number of extant diatom species, the extensive literature on diatom
systematics with many old and incomplete descriptions of taxa, and
continuous new developments in the field of taxonomy (e.g. Round er al.
1990) make it more and more difficult for the ecologist to give correct
names to the species. Many diatom taxa occurring in the Baltic Sea have
been insufficiently documented. A further problem is that euryhaline marine
and freshwater species occurring in the brackish Baltic Sea may vary in size
and shape, so that the descriptions in marine or freshwater floras do not
correspond. Consequently, the same species may occur under different
names in different ecological publications and check-lists, thus resulting in
non-comparable studies for the different parts of the Baltic Sea.

Despite the fact that the diatoms of the Baltic Sea have been studied since the
days of Carl Adolph Agardh at the beginning of the nineteenth century, there
are many identification problems. During the first workshop it became quite
clear that we share more problems than we could help each other to solve.
For species identification we used marine and freshwater floras, mainly
Germain (1981), Hendey (1964), Hustedt (1927-1966 & 1930) -in
combination with Simonsen (1987), Krammer & Lange-Bertalot (1986-1991),
and the Russian floras of Zhuze et al. (1949), Zabelina et al. (1950) and the
Diatoms of the USSR (1974-1992). Other floras, more specifically referring
to the Baltic Sea area, also exist. The extensive work of Cleve-Euler (1951-
1955) on the diatoms of Sweden and Finland includes also the Baltic Sea, but
the author’s line-drawings are often difficult to interpret. Publications of
Molder & Tynnt (1967-1973) and Tyonm (1975-1980) provide light
micrographs of Finnish diatoms, including many species from the Baliic Sea.
The plankton flora by Tikkanen and Willén (1992) includes many of the
pelagic diatoms living in the Baltic Sea. The algal flora of the Baltic Sea
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described by Pankow (1990) includes the diatoms, although it unfortunately
uses line drawings, which, together with other information, a.o. about cell
sizes, were mainly taken from other floras (many from Hustedt 1927-1966).
Publications on the diatom flora of brackish-water areas, showing both light
and electron micrographs, are often very useful, especially the works of
Kuylenstierna (1989-1990) from the Nordre Alv estuary (Swedish west
coast), Poulin, Bérard-Therriault & Cardinal (1984a,b,c, 1987), Cardinal,
Poulin & Bérard-Therriault (1984, 1986) and Bérard-Therriault, Cardinal &
Poulin (1986, 1987) from Québec (Canada), and Archibald (1983) from
South Africa. Further information necessary for a correct identification of
certain species is scattered in numerous smaller publications.

INTERCALIBRATION
General

In this first publication of the BMB/WG 27, we started with the relatively
straightforward species, most of which are common in the Baltic Sea.
Problem cases, i.e. species with a confused taxonomy and even undescribed
species, will be dealt with in future publications following further studies and
workshops.

It should be pointed out that this is an intercalibration guide and not a
diatom flora. References to floras and other appropriate literature are given
for each species, and for proper species identification this literature must be
used. We have no pretentions of changing names or describing new taxa, but
our future publications will include updates of the names used if and when
such updates appear in the international diatom literature.

We opresent original information only; i.e. cell size, life-form, and
distribution of the species are based on our own measurements and
observations on diatoms from the Baltic Sea, Oresund and Kattegat. We have
chosen this approach as we have found that published records are
occasionally at odds with our own experiences.

Each of the members of the working group was responsible for a number of
species, which she or he presented to the whole group in Forsmark. The
information gathered by the responsible person was updated with results
from our plenary discussions, and in some cases, other members of the
working group have supplied photographs or measurements of the size. The
name of the responsible person for each species is given at the foot of each
page. The entire manuscript was reviewed by four members of the working
group: Hannelore Hakansson, Mats Kuylenstierna, Urve Miller and Erik
Syvertsen.



[lustrations

All 1llustrations of the diatom species are micrographs of the Baltic Sea
material. They document the species, but do not show its range of
variability. In order to avoid errors, as photographic negatives were
delivered by many different people, no sizes are indicated on the pictures
(except for some electron micrographs with automatically generated scales).
The diatoms chosen as illustration are those agreed upon in connection with
our observations and measurements (distribution in the Baltic Sea, size etc.).
The names may change in the future, but our pictures will still document
those species that occur in the Baltic Sea. Light micrographs of diatom
frustules (LM) and of living diatoms (LMI), as well as electron micrographs
(SEM and TEM), are included. Especially for the smaller diatoms we
include as many electron micrographs as there were available, because these
often show distinguishing details that never can be shown by LM pictures.

Species name

When no subspecific level is indicated after the species name, we always
mean the nominate form.

Synonyms

We included the most widely used synonyms only. Complete lists of
synonyms can be found in the identification literature and Van Landingham
(1967-1979).

Size

We measured the dimensions of the diatoms in the positions in which they
most often occur on permanent diatom slides. For pennate diatoms we
usually measured the apical and transpical axes, but in some cases the apical
and pervalvar axes (e.g. Pteroncola inane). For centric diatoms we always
measured the diameter (if oval in shape the largest dimension), but in some
cases both the diameter and the pervalvar axis (e.g. Chaetoceros spp.,
Melosira spp.). The mean dimensions are given between brackets (n = the
number of measured specimens).



Life-form

For each species we indicated the main life-form(s), and also the kind of
colonies and way of attachment to the substratum are given. The following
life-forms were distinguished:

PELAGIC DIATOMS
Plankton diatoms, living in the open water

BENTHIC DIATOMS
Littoral diatoms, living attached to or associated with different substrata. The
benthic diatoms are subdivided in:

EPIPELIC DIATOMS
Unattached, motile diatoms in and on sediments

EPIPSAMMIC DIATOMS
Diatoms attached to sand-grains

EPIPHYTIC DIATOMS
Diatoms attached to plants

EPILITHIC DIATOMS
Diatoms associated with rock surfaces.

The epilithic diatoms include a mixture of attached diatoms (e.g. Cocconeis
placentula) and motile diatoms in mucilage tubes (e.g. Berkeleya rutilans),
Or a mucilage matrix (e.g. Mastogloia smithii), but also a number of motile
species that wander around between the other components of the epilithic
community (e.g. Nitzschia spp., Navicula spp., Bacillaria paxillifer). In
some literature sources the latter species have been termed METAPHYTON
(see Round 1981).

We present the main life-forms according to our personal observations. It
should be noted that benthic diatoms may occur in plankton samples
(Ctychoplankton®), especially in near-shore areas, where they may be
resuspended by water movement. Pelagic and epiphytic diatoms may occur
IN sediment samples, often being deposited empty frustules. Epipsammic
diatoms may occur in epilithic samples as sand grains often occur on rocks,
€specially at sites less exposed to wave action.



Distribution

We classified the species in different groups according to their distribution in
the Baltic Sea with respect to salinity (see Table 6).

B Everywhere in the Baltic Sea, not decreasing in abundance
towards the south or the north, or with an optimum distribution
in the central Baltic Sea.

B (M) Widespread in the Baltic Sea, decreasing in abundance and/or
becoming absent towards the north (‘marine affinity’).

B (F) Widespread in the Baltic Sea, decreasing in abundance and/or
becoming absent towards the south (‘freshwater affinity’).

M (B) '‘Marine’ species with brackish-water affinity, occurring in the
Karttegat and/or Oresund, but (almost) absent in the Baltic Sea.

F (B) '‘Freshwater’ species with brackish-water affinity, occurring in
coastal waters throughout the Baltic Sea near freshwater
discharges.

Note that this scheme is based on our own observations on the distribution. of
the species in the Baltic Sea. E.g., Amphora pediculus is a well-known
freshwater species, but it is also widespread in the Baltic Sea, and therefore
we have classified it here as B (F). Asterionella formosa, another
well-known freshwater species, occurs only near freshwater discharges, and
therefore we have classified it as F (B).

A number of so-called ‘ARCTIC SPECIES’, diatoms that occur in the arctic
feglon (often associated with sea-ice), is also found in the Baltic Sea. Most
Of_these species can be found in Hasle & Syvertsen (1988) and Medlin &
Priddle (1990).

Floras

We indicated onme or several floras in which the species 18 clearly

OCumented according to our opinion. When ‘confusing’ is indicated we did
Mot find a sarisfactory description in one of the major floras we used; in this
tase the species has mostly been confused with others.
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Literature

References are given to publications that deal specifically with the diatom
species in question. These publications usually present detailed descriptions
of the species, and contain electron micrographs.

THE DISTRIBUTION OF THE DIATOM SPECIES

The geographical distributions of the 100 diatom species treated in this guide
are given in Tables 1-5. Coastal areas may receive large amounts of
freshwater from land runoff. Therefore, some subdivisions, depending on
salinity, have been made within the different parts of the Baltic Sea. Mostly
a subdivision has also been made between plankton and benthos samples, and
between open sea plankton, coastal plankton and sea-ice samples. Table 6
presents the distribution of the 100 diatom species according to salinity,
based on the data given in Tables 1-S.

We have used the following occurrence scale:

r
o
Ve

rare, observed only now and then, never with high abundance
common, observed regularly, sometimes with high abundance
very common, observed often, sometimes in large blooms

I

No score means that the species was not observed, but this does not
necessarily mean that the species does not occur. All scores are based on our
own observations, and only living (no fossil) diatoms are included. Mostly,
the scores are based on year-round samples (sometimes more than 10 years),
but in some cases only spring samples were considered.

The results from the monitoring programme of HELCOM (the Baltic Marine
Environment Protection Commission = Helsinki Commission, an
Intergovernmental organization) are based on analyses from the years 1979-
1988, in some cases completed with data from 1989-1991. The analyses
were made at different laboratories involved in the Baltic monitoring
programme and were compiled by Torbjorn Willén (Swedish Environmental
Protection Agency).
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Photographs: Pauli Snoeijs (LM: Asko, Sweden)

6. Achnanthes taeniata Grunow in Cleve & Grunow
1880

Synonyms: Achnanthes taeniata var. hyperborea Grunow in Cleve & Maller 1878
Achnanthes hyperborea (Grunow) Grunow 1884

Life-form: Pelagic and on sea ice, forming ribbon-shaped colonies

Size: Apical axis = 15 - (20.8) - 35 um, Pervalvar axis = 5 - (7.3) - 10 um
n = 25 (Gulf of Riga, Latvia)

Distribution: B (Arctic species)

Floras: Hustedt (1931-1959: Fig. 828)
Krammer & Lange-Bertalot (1991b: Fig. 25/10-13)
Tikkanen & Willén (1992: p. 37/8a; p. 151/4)

Literature:

Lange-Berualot, H. & Krammer, K. 1989. Achnanthes - Eine Monographie der Gattung.
Bibl. Diatomol. 18: 1-393.

Risberg, J. 1990. Siliceous microfossil stratigraphy in a superficial core from the north-
western parn of the Baltic proper. In: Stabell, B., Hasle, G.R. & Henningsmoen
K.E. (eds.) Foredrag holdt ved Nordisk Diatomologmete, Oslo 29-30 Mai 1989,
Institutt for Geologi. Universitetet i Oslo, Intern  Skriftserie 60: 29-34 (SEM
photograph).

H

Maija Balode
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Photographs: Susanna Hajdu (LM: between Oland and Gotland, Sweden)

e

20. Chaetoceros danicus Cleve 1889

Life-form: Pelagic. mostly solitary, sometimes cells united in short chains

Size: Diameter = 10 - (13.3) - 18 um. Pervalvar axis = 5 - (7.0) - 10 gm
n = 25 (Gulf of Riga. Latvia)

Distribution: B

Floras: Hendey (1964: P1. X/5)
Hustedi (1927-1930: Fig. 373)
Tikkanen & Willén (1992: p. 125/1: p. 127/7)

Literature:

Rines, J.E.B. & Hargraves. I’ E. 1988, The Chaetoceros Ehrenberg (Bacillariophveeae)
flora of Narragansett Bay. Rhode Island, USA. Bibl. Phycal. 79. 196 pp.

Sundstrom. B. 1973. Chaetoceros arter i Oresund. MSc Thesis Univ. of Lund. 77 pp.

Maija Balode
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28. Coscinodiscus granii Gough 1905

Life-form: Pelagic, solitary

Size: Diameter = 70 - (101.2) - 150 um
n = 25 (Gulf of Riga, Latvia)

Distribution: B

Floras: Hustedt (1927-1930: Fig. 237)
Tikkanen & Willén (1992: p. 131/16)

Literature:
Boalch, G.T. 1971. The typification of the diatom species Coscinodiscus concinnus Wm.
Smith and Coscinodiscus granii Gough. J. Mar. Biol. Ass. UK. 51: 685-695.
Hasle, G.R. & Lange. C.B. 1992. Morphology and distribution of Coscinodiscus species
from the Oslofjord, Norway and the Skagerrak, North Atlantic. Diatom Research
7. 37-68.
Maija Balode
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Photographs: Agneta Nordstrom (LMI: Bothnian Bay, Sweden) & Pauli Snoeijs (LM: Askd, Sweden)

g 3,

60. Melosira arctica Dickie 1852

Synonyms:  Gaillonella arctica Ehrenberg 1853
Melosira hyperborea Grunow in Van Heurck 1882

Life-form:  Pelagic and on ice, cells united in long chains

Size: Diameter = 11 - (15.1) - 20 um. Pervalvar axis = 14 - (19.5) - 25 um
n = 25 (Gulf of Riga, Lawiasl

Distribution: B (Arctic species)

Floras: Cleve-Euler (1951: Fig. 29a-m)
Hustedt (1927-1930: ig. 96)
Tikkanen & Willén (1992: p. 37/8b; p. 137/9)

Literature:
€imdal, B.R. 1973. The fine structure of the frustules of Melosira nummuloides and M.
S arctica (Bacillariophyceae). Norw. J. Bot. 20: 139-149.
yvenisen, E E. & Hasle, G.R. 1988. Melosira arctica in the Baltic Sea and in the
Oslofjord (a preliminary note). In: Miller, U. & Roberisson, A. (eds.). Proc.
Nordic Diatomist Meeting, Stockholm, 1987. Univ. of Stockholm, Dept. of
Quaternary Research, Report 12. pp. 79-84.
Agneta Nordstréom & Maija Balode
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Photographs: Pauli Snoeijs (LM: Himmerfjarden, Sweden)

64. Melosira varians C.A. Agardh 1827

Life-form:  Epilithic, epiphytic and pelagic, cells united in long chains

Size: Diameter = 9 - (13.0) - 15 pm, Pervalvar axis = 13 - (20.9) - 30 um
n = 25 (Gulf of Riga, Latvia)

Distribution: F (B)

Floras: Hustedt (1927-1930: Fig. 100)
Krammer & Lange-Bertalot (1991a: Fig. 3/8; Fig. 4/1-8)

Literature:

Crawford, R.M. 1971. The fine structure of the frustule of Melostra varians
C.A. Agardh. Br. phycol. J. 6: 175-186.

Crawford, R.M. 1978. The taxonomy and classification of the diatom genus Melosira
C.A. Agardh. IIl. Melosira lineata (Dillw.) C.A. Ag. and M. varians C.A. Ag.
Phycologia 17: 237-250.

Maija Balode
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Photograph: Irina Olenina (LM: SE Baltic Sea proper, Lithuania)

73. Nitzschia acicularis (Kiitzing) W. Smith 1853

Synonym:  Synedra acicularis Kiitzing 1844

Life-form: Pelagic and epipelic, solitary (motile)

Size: Apical axis = 55 - (72) - 100 pum, Transapical axis = 3 - (3.6) - 4 um
n = 25 (Gulf of Riga, Latvia)

Distribution: B (F)
Floras: Germain (1981: Pl. 137/5-9)

Hustedt (1930: Fig. 821)
Krammer & Lange-Bertalot (1988: Fig. 85/14)

Maija Balode
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BORNHOLM SEA

Open sea:
BOR1 = Plankton Bornholm Sea (7.5-8.5%0): HELCOM, SNV

Swedish coast:
BOR2 = Epiphyton Handsund in spring (ca. 7%o): Pauli Snoeijs

BALTIC SEA PROPER

Open sea:

BAL1 = Plankton western Gotland Sea (6-7%0): HELCOM, SNV
BAL2 = Plankton eastern Gotland Sea (7-8 %¢): HELCOM, SNV
BAL3 = Plankion whole Baltic Sea proper (7-8%o): Irina Olenina
BAL4 = Plankton northern Baltic Sea proper (ca. 7%o): Andres Jaanus

Polish coast:
BALS = Benthos Gdansk Bay (7-8 %0): Andrzej Witkowski
BALG6 = Benthos river mouth Wisla (1-7%o): Andrzej Witkowski

Lithuanian coast:

BAL7 = Plankton northern Curonian Lagoon (04 %o): Jiraté Kasperoviciené
BALS8 = Benthos northern Curonian Lagoon (04 %o): Jaraté Kasperovic¢iene
BAL9 = Plankton southeastern coastal area (3-8%o): Irina Olenina

Estonian coast:
BAL10 = Benthos Moonsund area (2-7%o): Sirje Vilbaste
BAL11 = Plankton Moonsund area (2-7%o): Kai Piirsoo

Swedish coast:

BAL12 = Epiphyton Kalmarsund and Kvidofjarden in spring (6-7 %.): Pauli Snoeijs
BAL13 = Benthos Asko - Himmerfjirden area in spring (ca. 6%o): Pauli Snoeijs
BAL14 = Plankton Asko - Himmerfjarden area (6-7 %o): Susanna Hajdu

GULF OF RIGA

Latvian coast:
RIG = Plankton coastal zone of the Gulf of Riga (1-7%): Maija Balode
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Table 4: Geographical distribution of the 100 diatom species treated in this guide:
Gulf of Riga (RIG) and Guif of Finland (FIN). ¢ = common, v¢ = very
common, I = rare, - = not recorded.

RIG FINI FIN2 FIN3 FINd FINS  FIN6

FIN7

Achnanthes amoena - - -
A. brevipes var. intermedia - - - ve
A. delicatula - - -
A. longipes - - -
A. minutissima - - -
A. taeniata ve ve ve

Amphora copulata - - -
A. hybrida -
A. ovalis r
A. pediculus -

Asterionella formosa c - c

Bacillaria paxillifer -

Berkeleya rutilans - - - v

Brachysira aponina - - -

Brebissonia lanceolata - - -

Caloneis amphisbaena fo. subsalina - - -

Campylodiscus clypeus - - -

C. echeneis - - -
Catenula adhaerens - - -
Chaetoceros danicus c c r

C. holsaticus c ve

C. wighamii ve ve c
Cocconeis pediculus ve -

C. placentula c - -

C. scutellum - - -

C. speciosa - - -

C. stauroneiformis - - -
Coscinodiscus granii ve ve ve
Ctenophora pulchella - -
Cyclostephanos dubius
Cyclotella choctawhatcheeana

C. meneghiniana
Cylindrotheca closterium
Cymbella lanceolata

C. pusilla -
Diatoma moniliformis c

D. tenuis ve - r
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D. vulgaris r -
Dllgloneis didyma - -
. Interrupta - - - -
D. smithii var. rhombica - - - -
Encyonema caespitosum - - - r
E. lacustre -
Epithemia sorex r
E. turgida var. westermannii r - - c
Fragilaria hyalina var. durietzi -
F._inflata var. istvanffyi - - - - - -
F. striatula - - - - - -
Gomphonema olivaceum r - - c c -
Gomphonemopsis exigua - - - r vc - -
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Table 4 (continued):
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RIG FINt FIN2 FIN3 FIN4 FINS FIN6 FIN7
Licmophora communis - - - c c - - -
L. hyalina - - - r r - - -
Martyana atormus - - - - - - - -
M. schulzii - - - - - - - -
Mastogloia baltica - - - c - - - -
M. braunii - - - r - - r
M. elliptica - - - c - - - -
M. pumila - - - c - - - -
M. smithii - - - c r - r 13
Melosira arctica c c ve r r - c C
M. lineata r - - c ve - c -
M. moniliformis c - c - ve - r -
M. nummuloides ve ve Ve c - ¢ r
M. varians r - r - - - r r
Navicula duerrenbergiana - - - r r - - -
N. lanceolata r - - T r - - -
N. palpebralis - - - - - -
N. pelagica - - - - - - - -
N. perminuta - - - c vC - - -
N ramosissima - - - c c - - -
N. rhynchocephala c - - c c - c -
N. vanhoeffenii - r r - - - r -
Nitzschia acicularis c - c - c c c c
N. filiformis - - - - - - - -
N. frigida r - c - - - C -
N. frustulum - - - c c - r r
N, Inconspicua - - - - ve - - -
N. thermaloides - - - - - - - -
Opephora olsenii - - - c c - r r
Pieroncola inane - - - - - - - -
Olcosphenia curvata c c c ve ve - c c
opalodia gibba - - - c c - r -
Skeletonema costatum ve \7 ve - - ve ve ve
Stephanodiscus hantzschii r r c - - - - -
- hantzschii fo. tenuis - - - r r - - -
Surirella brebissonii r - - c c - - -
. Minuta r - - - - - - _
S. striarla - - - r r - r r
abularia fasciculata r - c ve \7 - [d r
- INvestiens - - - - - - - -
- ktenoeides - - - - - - - -
T. tabulata - - r c c - c
- Waernjj - - - r Ve - - -
Terpsinoé americana - - - - - - ; ;
Thalassiosira baltica ve ve Ve - - v ve ¢
T. guillardi; - - - ¢ - - .
% nyperborea var. pelagica - - - - - - - -
- levanderi c vc ve - - - ¢ c
I Proschkinae - - - c c - - -
T. Pseudonana - - - c c - - -
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Table 6: Distribution of the 100 diatom species treated in this guide according to salinity,
For each species the maximum score in Tables 1-5 is given for four salinity
ranges: 0-6%. = Bothnian Bay and areas with freshwater discharge throughout
the Baltic Sea, Oresund and Kattegat; 5-6% = Northern Baltic Sea; 6-10%0 =
Southern Baltic Sea; >10% = Oresund and Kaniegat. ¢ = common, vc = very

common, r = rare, - = not recorded.
06%c  56%0  6-10%0  >10%o Distribution
Achnanthes amoena i r ¢ r - B
A brevipes var. intermedia r ve ve c B (M)
A. delicarula c c ve r B (F
A. longipes - 3 c c B (M)
A. minutissima C c r - B (F)
A. taeniata ve ve ve ve B
Amphora copulata c I r - F (B)
A. hybrida r c T - B
A. ovalis c c c - B (F
A. pediculus c c c - B (F
Asterionella formosa ve r T - F
Bacillaria paxillifer c ve ve - B (F
Berkeleya rutilans c ve ve Ve B
Brachysira aponina - T r - B
Brebissonia lanceolata c ve ve r B (F)
Caloneis amphisbaena fo. subsalina c r c r B
Campylodiscus clypeus T c ve - B
C. echeneis r T ve - B
Catenula adhaerens r vC c c B (M)
Chaetoceros danicus vc ve ve c B
C. holsaticus ve ve ve ve B
C. wighamii ve ve ve ve B
Cocconeis pediculus ve ve ve - B éFg
C. placentula ve c c - B (F
C. scutellum c ve ve ¢ B
C. speciosa - - c ve BM)
C. stauroneiformis r r ve vC B
Coscinodiscus 1i ve ve ve c B
Ctenophora pulchella Ve ve ve r B g;
Cyclostephanos dubjus c T r - F
Cyclotella choctawhatcheeana r ve ve r B
. meneghiniana ve c c - B®
Cylindrotheca closterium c c \7d Ve B
Cymbella lanceolata c ve r - B §F
C. pusilla c c - - B (F
Diatoma moniliformis ve ve ve c B
D. tenuis ve Ve \Z¢ r B EF%
D. vulgaris ve ve c - B (F
Diglo_nels didyma r r ve r B
. interrupta ) r r ve r B
D. smithii var. rhombica r r ve r B
Encyonema caespitosurn c c r - B (F
E. lacustre c c - - B (F
Epithemia sorex c ve ve - B (F
. turgida var. westermannii c ve ve - B (F
Fragilaria hyalina var. durietzi - ve ve - B
F. inflata var. 1stvanffyi Ve - r - F (Bg
F. strianula c r - - M % )
Gomphonema olivaceum c ve c r B g
Gomphaonemopsis exigua r ve ve c B (M)




Table 6 (continued):

0-6%0 5-6%¢ 6-10%o > [0%o0 Distribution
Licmophora communis - c c ve B EM;
L. hyalina - r ve ve B (M
Martyana atomus c ve c c B
M. schulzii r ¢ c r B
Mastogloia baltica c c r - B (F
M. braunii c c r - B (F
M. elliptica c c r - B (F
M. pumila c < r - B F;
M. smithii C ve r - B (F
Melosira arctica ve ve ¢ c B
M. lineata C ve ve r B (F)
M. moniliformis C vC Ve c B
M. nummuloides ve Ve Ve vC B
M. varians C r r - F (B)
Navicula duerrenbergiana - c r c B EM)
N. lanceolata ve ve Ve r B (F)
N. palpebralis - - c r B
N. pelagica ve - - - ¥
N. perminuta ve v ve ve B
N. ramosissima - c ve c B (M)
N. rhynchocephala c C Ve r B F;
N. vanhoeffenii ¢ ¢ c r B (F
Nlzschia acicularis Ve c c r B (F)
N filiformis ve ve c - B (F
N. frigida ve C c - B (F
N. frustulum ve ve ve r B (F
N. inconspicua ve ve ve r B Fg
N. thermaloides ve ve ve r B (F
Opephora olsenii c c ve c B
Preroncola inane - r vC ve B (M)
hoicosphenia curvata ve ve ve c B
opalodia gibba c c c - B (F)
eletonema costatum ve vC ve ve B
Stephanodiscus hantzschii ve c c - B §F;
- hantzschii fo. tenuis ve T r - F (B
Surirella brebissonii ve c ve r B F;
- Minuta c - T - F (B
S. striatula r r ve - B
abulana fasciculata r ve ve ve B (M
- nvestiens - - - vC M §
- ktenoeides [ - - c M (B
- tabulata c ve ve - B § )
- Waerniy r ve ve ve B (M)
¥6rﬁ)5m_oé americana - - c - B
halassiosira baltica ve ve ve r B (F)
T guillardii c c Ve c B
- Nyperborea var. pelagica c - ¢ - B (F)
- levanden ve ve ve vC B
- Proschkinae - C c - B
T pseudonana ve ve ve o B

P—

= Only recorded from ice samples in the Bothnian Bay
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Sixaeme Conférence [nternationale sur le Phytophincton Toxique
Nantes, France, 18-22 Octobre 1993

BLOOM DYNAMICS OF TOXIC BLUE-GREEN ALGAE IN THE
BALTIC SEA, GULF OF RIGA.

M. Balode
[pstitute of Biology, Latvian Academy of Sciences, Salaspils LV-2169, 3 Miera Str. | Latvia

The role of toxic or potentially toxic cyanobactena in the-phytoplarkton succession in the Gulf
of Riga was investigated. The long-term studies of phytocenosis structure 1n the coastal area of
the Gulf of Riga revealed an increased signiticance of blue-green algae in the formation of
phytocenosis. The summer phytocenosis is formed on the base of cyanobacteria
Aphanizomenon flos-aque, Anabaena flos-aque, Gomphosphaeria lacustris, Microcystis
aeruginosa and Nodularia spumigena, part ot them belonging to the toxic or potentially toxic
species with neurotoxic or hepatotoxic intluence. In the summer-autumn periods these
cyanobacteria are responsible for frequent blooms, reaching 90% of the total phytoplankton
biomass. The maximal biomass of cyanobacteria - 5.8g/m3 was observed in the southern part
of the Gulf of Riga. The main features of hvdrology and water chemistry during typical
Cyanophyta bloom were following : high water temperature (reaches 23 °C), decreased water
transparency (1.0m in pseudolittoral, 1.4m in sublittoral), low nutrient concentrations and N:P
ratio, high concentration of organic substances (the average BODs5 - 5.5 mgOs/l in
pseudolittoral and 3.0 mgU4/! 1n sublittoral). Such bloom phenomenon is characterized by
short time period, especially typical for Microcystis aeruginosa, whose blooming lasts only
several days. The increasing tread of cyanobacteria occurence in winter and early spring was
also observed. Special attention was paid to determine the role of nutrients (total amounts and
ranos) in the dynamics of some harmful eyanobacteria species. Although the Cyanophyta
bloorns are quite typical phenomenon in the Baltic Sea plankton annual dynamics due to low
NP ratio during summer, investigations of the recent 25 years indicates significant
eutrophication of the coastal waters of the Gulf of Riga, particularly in the southern areas that
are most subjected to the anthropogenic factor.

Sixth International Conference on Toxic Marine Phytoplankion
Nantes, France, October 18-22, 1993
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Photographs: Nathalie Balashova (LM: Koporje Bay (K), Russia) and
Mats Kuylenstierna (LM: Nordre Alv estuary (N). Sweden)
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136. Fragilaria capucina Desmazieres 1825

Life-form: Pelagic, forming ribbon-shaped colonies

Size: Apical axis = 17 - (28) - 57 um, Transapical axis = 3 - (3.1) - 5 um
n = 25 (Koporje Bay, Russia)
Apical axis = 26 - (34) - 60 um, Transapical axis = 3 - (3.6) - 5 um

n = 25 (Guif of Riga, Larvia)
Distribution: F (BAL)

Floras: Germatin (1981: P1. 19/1-15)
Hustedt (1931-1959: Fig. 65%a-e)
Krammer & Lange-Bertalot (1991a; Fig. 108/1-8)

Literature:

Hiirlimann, J. & Straub, F. 1991. Morphologische und 8kologische Charakterisierung von
Sippen um den Fragilaria capucina-komplex sensu Lange-Bertalot 1980. Diatom
Research 6: 21-47.

Lange-Bertalot, H. 1980. Zur systematischen Bewertung der bandférmigen Kolonien bei
Navicula und Fragilaria. Nova Hedwigia 33: 723-787.

Williams, D.M. & Round, F.E. 1987. Revision of the genus Fragilaria. Diatom Research
2: 267-288.

Maija Balode & Nathalie Balashova
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142. Gyrosigma acuminatum (Kiitzing) Rabenhorst 1853

Synonym:
Life-form:

Size:

Distribution:

Floras:

Literature:

Frustulia acuminata Kitzing 1833
Epipelic, solitary (motile)

Apical axis = 90 - (120) - 150 pum, Transapical axis = 12 - (15) - [7 um
n = 15 (Gulf of Riga, Latvia)

Apical axis = 120 - (145) - 170 pum, Transapical axis = 14 - (16) - 18 ym
n = 25 (Curonian Lagoon, Lithuania)

BAL (F)
Germain (1981: Pl. 49/2-5)

Hustedt (1930: Fig. 329) )
Krammer & Lange-Bertalot (1986: Fig. 114/4.8)

Sterrenburg, F.A.S. 1991. Studies on the genera Gyrosigma and Pleurosigma
(Bacillariophyceae). Light microscopical criteria for taxonomy. Diatom
Research 6: 367-389.

Sterrenburg, F.A.S. 1992, Studies on the genera Gyrosigma and Pleurosigma
(Bacillariophyceae). The tvpe of the genus Gyrosigma and other attenuati
sensu Peragallo. Diatom Research 7: 137-155.

Maija Balode, Sirje Vilbaste & Juraié Kasperoviciené
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Photograph: Sirje Vilbaste (LM: Moonsund, Estonia)

P

LI 4
g
-

r

e,
~

143. Gyrosigma attenuatum (Kiitzing) Rabenhorst 1853

Synonym:  Frustulia antenuata Kiizing 1833
Life-form:  Epipelic, solitary (motile)

Size: Apical axis = 170 - (190) - 220 pm, Transapical axis = 22 - (24) - 27 um
n = 25 (Gulif of Riga, Latvia)

Distribution: BAL (F)

Floras: Germain (1981: Pl1. 49/1)
Hustedt (1930: Fig. 330)
Krammer & Lange-Bertalot (1986: Fig. 114/5,7,9)

Literature:

Sterrenburg, F.A.S. 1991. Swudies on the genera Gyrosigma and Pleurosigma
(Bacillariophyceae). Light microscopical criteria for taxonomy. Diatom
Research 6: 367-389.

Sterrenburg, F.A.S. 1992. Studies on the genera Gyrosigma and Pleurosigma
(Bacillariophyceae). The type of the genus Gyrosigma and other attenuati
Sensu Peragallo. Diatom Research 7: 137-155.

Maija Balode & Sirje Vilbaste



66

Photographs: Jaraie Kasperovi¢iené (LM: Curonian Lagoon (C), Lithuania) and
Pauli Snoetjs (LM: Himmerfjarden (H), Sweden)

154. Meridion circulare (Greville) C.A. Agardh 1831

Synonyms: Echinella circularis Greville 1822
Meridion vernale C.A. Agardh 1824

Life-form: Epilithic and epiphytic, forming fan-shaped colonies

Size: Apical axis = 20 - (32) - 40 um, Transapical axis = 4 - (5.5) - 7 um
n = 26 Moonsund, Estonia)
Apical axis = 18 - (36) - 50 um, Transapical axis = 5 - (6.3) - 9 um
n = 35 (Gulf of Riga, Lartvia)

Distribution: F (BAL)

Floras: Germain (1981: P1. 15/7; Pl 16/1-13)
Hustedt (1931-1959: Fig. 627a-f)
Krammer & Lange-Bertalot (1991a: Fig. 100/1-3; Fig. 101/1-7; Fig 102/2,3)
Patrick & Reimer (1966: 2/15, with notes on nomenclature)

Literature:

Geitler, L. 1940. Die Auxosporenbildung von Meridion circulare. Archiv fir
Protistenkunde 94: 288-294.

Geitler, L. 1966. Anomalien der Auxosporen und Korrektionen wihrend der Weiter-
entwicklung bet Mendion circulare. Osterreichische Botanische Zettschnift
113:273-282.

Geitler, L. 1967. Die Zweiteiligkeit der Chromatophoren bei Diatomeen und
Chrysophyceen. Osterreichische Botanische Zeitschrift 114: 183-188.

Geitler, L. 1971. Die inaquale Teilung bei der Bildung der Innerschalen von Meridion
circulare. Osterreichische Botanische Zeitschrift 119: 442-446.

Williams, D.M. 1985. Morphology. taxonomy and inter-relationships of the ribbed
araphid diatoms from the genera Diatoma and Meridion (Diatomaceae:
Bacillariophyta). Bibliotheca Diatomologica 8: 1-228 + 27 pls.

Sirje Vilbaste, Maija Balode & Jaraté Kasperoviéiené
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Photograph: Mats Kuylenstierna (LM: Nordre Alv estuary, Sweden)

..........

157. Navicula cryptocephala Kiitzing 1844

Life-form: Epipelic, solitary (motile)

Size: Apical axis = 19 - (25) - 31 um, Transapical axis = 5 - (6.1) - 7 um
= 26 (Moonsund, Estonia)
Apical axis = 23 - (27) - 37 pm, Transapical axis = 5.5 - (6.5) - 7 um
n = 30 (Gulf of Riga, Latvia)

Distribution: F (BAL)
Floras: Germatn (1981: Pl. 72/1-5; P1. 157/3)

Hustedt (1930: Fig. 496)
Krammer & Lange-Bertalot (1986: Fig. 31/8-14)

Maija Balode & Sirje Vilbaste
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TABLES 1-5 ARE BASED ON THE FOLLOWING AREAS:

KATTEGAT

Open sea:

RAT1 Plankton Kattegat ((13)16-25(34) %e):
HELCOM, SNV

bwedish coast;

KATZ Benthos Kattegat (ca. 10-25%0):
Mats Kuylenstierna

\AT3 Benthos transition area (ca. 5-10%o):

) Mats Kuylenstierna

AT4 Benthos river mouth Nordre Alv

(ca. 1-5%0): Mats Kuylenstierna

DRESUND

on flow direcion): HELCOM, SNV
wedish coast:

Pauli Snoeijs
ARKONA SEA

P€n sea:

ARKL  Plankton Arkona Sea (7-10%w):
HELCOM, SNV

\—M

RKY Sediment and plankton Greifswalder

Bodden (5-9%): Karl-Albert Wegener

BORNHOLM SEA

PORI ™ Plankton Bornholm Sea (7.5-8.5 %o):
_ HELCOM, SNV
'r‘::.sh coast:
e
JR2 " Epiphyton Hanésund in spring
(€a. 7%a): Pauli Snoeijs

ALTIC SEA PROPER
0 seq:

AL
I Plankton western Gotland Sea (6-7 %):
HELCOM, SNV

% Plankton eas
tern Gotland Sea (7-8 %o):
_ HELCOM, sNv (57
i T——Qa&
. Benthos_ Gdansk Bay (7-8 %0):
‘;‘“_d‘zcl Witkowski
Pipbyton Gdansk Bay (7-8%):
g gﬂdmj Witkowski
. A;nthos_ fiver mouth Wisla (1-7%e0):
L v, ndrzej Witkowski
} \I\M
o p]ank'[on
(049
s SEnthoc.;
L\ ‘pf{“%"

B L83

Dorthern Curonian Lagoon
): Jirate Kasperovigiene

S dorthern Curonian Lagoon
)t Jirae Kasperovigiene

i1 goon southeastern coastal area
>8%): Irina Olenina

'A_\':mc M
&2 codes were used as in Volume 1)

'RE2  Epiphyton Oresund in spring (10-11 %o):

BALI0 Benthos Moonsund area (2-7%»):
Sirje Vilbaste

BAL11 Plankton Moonsund area (2-7 %o):
Kai Piirsoo

Swedish coast:

BALI12 Epiphyton Kalmarsund and Kvados-
fjarden in spring (6-7 %e): Pauli Snoeijs

BAL13 Benthos Askd - Himmerfjarden area
in spring (ca. 6%): Pauli Snoeijs

BAL!4 Plankton Askd - Himmerfjarden area
(6-7%e0): Susanna Hajdu

GULF OF RIGA

Latvian coast:

RIG Plankton coastal zone of the Gulf
of Riga (1-7%¢): Maija Balode

GULF OF FINLAND

Finnish coast:

FIN3 Benthos Tvarminne area, inner
archipelago (ca. 6%o): Elina Leskinen

FIN4 Benthos Tviarminne area, outer
archipetago (ca. 6 %o): Elina Leskinen

FIN5 Plankton Tvirminne area (ca. 6%o):
Elina Leskinen

Estonian coast:

FIN6 Plankton Tallinn Bay (5-7 %e):
Kai Piirsoo

FIN7 Plankton Narva Bay (3-5%0):
Kai Piirsoo

Russian coast:

FIN8 Plankton Koporje Bay (34 %):
Nathalie Balashova

FIN9 Plankton Neva Bay (0.1-0.3 %0):
Nathalie Balashova

ALAND SEA

Open sea: .

ALA  Plankton Aland Sea (5-6%o):
HELCOM, SNV

BOTHNIAN SEA

Open sea:

BOS1 Plankton Bothnian Sea (ca. 6%o):
HELCOM, SNV

Swedish coast:

BOS2 Beathos Forsmark, incl. cooling water
discharge area (ca. 5%o): Pauli Snoeijs

BOS3 Epiphyton Bothnian Sea in spring
(4-5%0): Pauli Snoeijs

BOTHNIAN BAY

Open sea:
BOB1 Plankion Bothnian Bay (24 %o):
HELCOM, SNV
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Table 4: Geographical distribution of the 100 diatom species treated in this guide:
Gulf of Riga (RIG) and Gulf of Finland (FIN). ¢ = common, v¢ = very

common, r = rare, - = not recorded.

RIG FIN3 FIN4

FINS FIN6 FIN7 FINS

Achnanthes brevipes -
A. dispar -
A. septentrionalis -
A. submarina .

Actinocyclus normanil
A. normanii fo. subsalsa

Amphora commutata
A lineolata

Anomoeoneis sphaerophora fo. costata
A. sphaerophora fo. sculpta

Anorthoneis excentrica

Attheya septentrionalis

Aulacoseira islandica

Campylodiscus bicostatus

Cerataulina pelagica

Chaetoceros brevis
C. decipiens
C. similis

Cocconeis peltoides

Coscinodiscus radiatus

Cymatopleura elliptica
C. solea

Cymbella cistula
C. helvetica

Denticula creticola

Diploneis litoralis

. smithil
D. smithii var. dilatata
D. stooemii
D. suborbicularis

Ditylum brightwellii

Epithemia adnata

Fallacia pseudolitoricola -
F. pygmaea -

Fragilana amicorum -
F. capucina T
F. gedanensis

Fragﬁan’opsis cylindrus -

Gomphonema parvulum -

Gomphonemopsis pseudexigua -

Grammatophora oceanica -

Gyrosigma acuminatum r

G. attenuatum r

1
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G. balticum
G. eximium
G. strigilis
Hyalodiscus scoticus
Hyalosira delicatula -
Licmophora oedipus -
L. rhombica -

S T N B B T B B AR I B
[ U T T S o I R I e I I IR N R B

- - O

[ T T TR TR YR SN S N R T T S T S T o T T U T T T @ TR T T SR U T N TR S W B 1

L R S N T T T & T B B

| I e T N I N A

[ B T T R B |

[ I A I N |

[ T T T T BT B T TR o R R T R R N TR S Y R

1 1 e I | [ 1 [} 1

<
[ T T T T T N S T B S

[ DR e Men S IR TR B S B |

[ T T T TR T S R TR T o> T T T B IO T S S

[ S A R |

vC

[ @ 2 T T T




Table 4 (continued):

121

RIG

2
z

FINS

2

FIN7

FINg

FIN9

Luticola mutica
Lyrella sulcifera
elosira westii fo. parva
Meridjon circulare
Navicula bottnica
. capitata var. hungarica
. cryptocephala
. digitoradiata
. finmarchica
egaria
. laterostrata
. oblonga
. peregrina
. portanova
. protracta
. reinhardtii
. salinarum
. scutelloides
. subinflata
Neosynedra provincialis
Nitzschia microcephala
N. paleacea
N. sigma
N. valdestriata
Paralia sulcata
Parlibellus berkeleyi
P. delognei
P. hamulifer
Petrodictyon gemma
Petroneis humerosa
Pinnularia lundii
P. quadratarea
Placoneis clementis

ZZZ 2222222 222'Z

Pleurosira laevis fo. polymorpha

Rhabdonema minutum
Rhizosolenia fragilissima
Stauroneis simulans
S. spicula
Stephanodiscus binderanus
S. minutulus
S. parvus
Tabellaria fenestrata
T. flocculosa
Thalassionerna nitzschioides

halassiosira hyperborea var. lacunosa

T
Tliybli_onella apiculata
. circumsuta
T. levidensis
T. littoralis
T. punctata
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Table 6: Distribution of the 100 diatom species treated in this guide according to salinity.
For each species the maximum score in Tables 1-5 is given for four salinity
ranges: 0-6% = Bothnian Bay and areas with freshwater discharge throughout
the Baltic Sea, Oresund and Kagtegat; 5-6%» = northern Baltic Sea; 6-10%. =
southern Baitic Sea; >10% = Oresund and Kattegat. ¢ = common, vc = very
common, r = rare, - = not recorded, ? = probably occurring (marine species).

0-6%0 5-6%0 6-10%0 >10%o Distribution

Achnanthes brevipes T c c c BAL (M)
A. dispar r r c - BAL
A. septentrionalis - c T - BAL
A . submarina - - r - BAL
Actinocyclus normanii c r r - F (BAL)
A. pormanii fo. subsalsa ve r r - F (BAL)
Amphora commutata T c I - BAL
A. lineolata iy c c r BAL
Anomoeoneis sphaerophora fo. costata r T r - BAL (F)
A. ns};:haerophora fo. sculpta T r r - BAL (F)
Anorthoneis excentrica - - r ? M (BAL)
Attheya septentrionalis T ¢ c c BAL (M)
Aulacoseira islandica ve r r - F (BAL)
Campylodiscus bicostatus r I r - BAL (F)
Cerataulina pelagica - - r c M (BAL)
Chaetoceros brevis - - r c M (BAL)
C. decipiens - r r c M (BAL)
C. similis - c c d BAL M)
Cocconeis peltoides - r c c BAL (M)
Coscinodiscus radiatus - - c c BAL (M)
C%matopleura elliptica r r - - _BAL (P
. solea r r - - BAL (F)
Cymbella cistula c c - - BAL (P
C. helvetica < c - - BAL (F)
Denticula creticola - ¢ - - BAL
Diploneis litoralis - - r ? M (BAL)
. smithii c c c r BAL (F)
D. smithii var. dilatata c c c r BAL (F)
D. stroemit r r c r BAL
D. suborbicularis - - - - -
Ditylum brightwellii - - T c M (BAL)
Epithemia adnata r c c - BAL
Fallacia pseudolitoricola - - - - *
F. pygmaea c c r r BAL (F)
Fragilaria amicorum I ¢ c - BAL
F. capucina Ve r r - F (BAL)
F. gedanensis r T c - BAL
Fragilariopsis cylindrus c c c - BAL (F)
Gomphonema parvulum c r c - BAL (F)
Gomphonemopsts pseudexigua r c r r BAL
Grammatophora oceanica r c r c BAL (M)
G(y}rosigma acuminatum r r r - BAL (F)
. attenuatum r r r - BAL (F)
G. balticum T r r r BAL
G. eximium r c - - BAL
G. strigilis - c - - BAL
Hyalodiscus scoticus - r r c M (BAL)
Hyalosira delicamla r C C c BAL (M)
Licmophora oedipus - r c c BAL (M)
L. rhombica - r r - BAL

* = only recorded from fossil sediments
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0-6%0 5-6%0 610%0 >10%o Distribution
Luticola mutica ve c ve r BAL (F)
Lyrella sulcifera - - c ? BAL (M)
elosira westii fo. parva - T - - BAL
Meridion circulare c r - - F (BAL)
Navicula bottnica - c Ve r BAL
N. capitata var. hungarica c c c - BAL (F)
N. cryptocephala c r r - F (BAL)
N. digitoradiata r r c r BAL
N. finmarchica - - r T BAL (M)
N. gregaria ve ve ve c BAL
N. Taterostrata - - r - BAL
N. oblonga r r t - BAL (F)
N. peregnna r r c - BAL
N. portanova - - - r M (BAL)
N. protracta r r c - BAL
N. reinhardtii c - - - F (BAL)
N. salinarum c r c - BAL (F)
N. scutelloides c r r - F (BAL)
N. subinflata - - c c BAL (M)
Neosynedra provincialis - - ve c BAL (M)
Nizschia microcephala ¢ ve c r BAL (F)
N. paleacea ¢ ve c - BAL (F)
N. sigma r c o r BAL
N. valdestriata T c r r BAL
Paralia sulcata r r r r BAL
Parlibellus berkeleyi - - r vC M (BAL)
. delognei - - - [ M (BAL)
P. hamulifer - - - r M (BAL)
Petrodictyon gemma r r c c BAL (M)
Petroneis humerosa r T r r BAL
Pinnularia Jundii r r r - BAL (F)
P. quadratarea - r r r BAL (M)
Placone‘is clementis r r c - BAL
Pleurosira laevis fo. polymorpha - ve ve - BAL =+
abdonema minutum - . r r BAL (M)
Rhizosolenia fragilissima - - ¢ c BAL (M)
luroneis simulans T r ve c BAL (M)
S. spicula r o c - BAL
tephanodiscus binderanus ve - - - F (BAL)
S. minutulus ve T r - F (BAL)
- parvus vC r r - F (BAL)
Tabellaria fenestrata ve r r - F (BAL)
- flocculosa ¢ r r - F (BAL)
alassionema nitzschioides - - c c BAL (M)
alassiosira hyperborea var. lacunosa - r r - BAL
Tgybh_onella apiculata r c c r BAL
- CIrcumsuta r r - - BAL (F)
T. levidensis r c r - BAL
T. liroralis r C c - BAL
- punctata r r r T BAL

** = only recorded from cooting-water discharge areas
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The role of planktonic diatoms in the formation of phytocenosis of the Gulf of
Riga

aja Balod

Institute of Biology, Latvian Academy of Sciences, Salaspils LV-2169, 3 Miera
Str., Latvia

The Gulf of Riga is considered one of the most eutrophicated systems in the
Baltic Sea. Nitrogen and phosphorus loads into the Gulf have increased during
the last decades. The inorganic N:P ratios vary from about 20:1 in winter to
above 50:1 during the productive season. A nutrient budget and high N:P ratios
in the Gulf of Riga facilitate the development of planktonic diatoms demanding
high concentrations of nutrients in water. The relationship between the mineral
nutrition and the development of diatoms is most expressed during the period
of their intensive development, in spring and autumn, causing the increase of
total phytoplankton biomass. Development of planktonic diatoms in spring
usually is related with water bloom reaching the biomass of several tens of
grams per m’ in the coastal areas.

The increase of eutrophication level often causes shifts in species succession.
High nutrient concentrations and N:P ratios result in an increase of the specific
weight of diatoms in summer phytocenosis and stimulate the development of
such mesosaprobic species as Nitzschia acicularis and Skeletonema costatum.

The aim of our investigation was to analyze the development trends of
Planktonic diatoms in the Gulf of Riga under an increased load of eutrophying
Substances on the basis of long~term studies of phytocenosis in the coastal zone
of the Gulf of Riga.
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LONG-TERM CHANGES OF SUMMER-AUTUMN PHYTOPLANKTON

COMMUNITIES IN THE GULF OF RIGA
BALODE Maija

Institute of Hydroecology, Latvian University, 3 Miera St., Salaspils, LV-21869,
LATVIA

INTRODUCTION

Fragmentary studies on phytoplankton communities of the Gulf of Riga were
carried out at the beginning of this century (Krabbi, 1913a; 1913b; Rappoport
1930; Berzinsh, 1930; Skuja,1924; 1924-1934; 1926; 1928). More detailed
investigations of summer blooms were started in the 50-ies (Nikolayev, 1953a;
1953b). They prove that the biue-green algae biooms is not a new phenomenon for the
Gulf of Riga, as far as the first cyanobacterial bloom was registered already in August
1908. However, the increasing frequency and intensity of the bloom of cyanobacteria,
the most of them belonging to the potentially toxic algae (Carmichael, 1992), has
become one of the major ecological problems in the Gulf of Riga since the end of 80-
ies. That demands a need for a better knowledge of taxonomy, ecology and distribution of
these microalgae.

The aim of the present paper is to outline the changes in the summer-autumn
phytoplankton composition from 1972 to 1992 in the Gulf of Riga the main attention
paying to the studies of the limiting nutrient for phytoplankton growth.

MATERIAL AND METHODS

- The phytoplankton material consists of qualitative and quantitative observations
on 971 samples from the Gulf of Riga during 1972 - 1992. The sampling stations are
Siluated in the coastal zone and offshore of the Riga Guif (Fig.1). The samples were
taken by Nansen bottles. Analysis of phytocenosis structure was done on the basis of
personal investigations from 1980 to 1992 as well as by using phytoplankton data of
th'e Laboratory of Marine Biology (Institute of Biology, Latvian Academy of Sciences)
within the period 1972- 1989. Concentration of samples was done with sedimentation
or fitration methods applying “Synpor® or "Nuclear” filters of 2,01 size. The samples
Were counted on the light microscope, but in the recent years - the inverted
Microscope technique was applied (Utermohl, 1958), In order to compare the results
biomass was used as a quantitative indice to characterize the phytoplankton structure.
However due to the differences in sampling frequency and methods of sample analyses
the Comparison of materal from different years is rather complicated.

Data of hydrochemical analyses were taken from the reports of the Laboratory
of Marine Biology ( Institute of Biology, Latvian Academy of Science). Hydrochemical
analyses were done by R. Filmanovica and U. Botva according to Methods of Seawater
Analyses,1976.
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RESULTS AND DISCUSSION

Analyses of quantitative and qualitative data on the summer-autumn
phytoplankton in the Guif of Riga in 1972-1992 speak about essential changes in
phytoplankton communities. Long-term studies of phytoplankton structure revealed an
increased significance of cyanobacteria in the formation of summer communities in the
recent 20 years (Fig. 2; 3), that was proved also by satellite images of Stockholm
University (Kahru M., personal communication). The maximal cyanobacterial biomass
registered in the littoral zone of the Gulf of Riga in the 70-ies did not exceed 300
mg/m3, while in late 80-ies it reached 1400 mg/m3 (Fig. 2), being on the average
32% (max 90%) of the total phytoplankton biomass (Table 1). In the pelagic zone of
the Gulf an increased importance of the blue green algae has also been observed from
7% of the total phytoplankton biomass in 1972 to 52% in 1992 (Table 2).

Table 1. The mean values of nutrients concentralions, total phytoplankton and cyanocbacteria
biomasses, and DIN/DIP ratio in the littoral zone of the Riga Gulf in summer - autumn period

1977 -1991. Number of cobservations : 221
Year | N-NO3 N-NH4 P-PO4 | The number of cases Total Cyanobacteria
(umol/) | (pmol/l) | (pmoal/l) (%) phytoplankton (% ot total
with DIN/DIP ratio (mg/m3) phytoplankton)
<16 16-30 > 30
1977 1,45 4.90 0,34 29 7 64 3089 0,3
1978 7,51 38,2 0.58 5 14 81 2780 2.6
1988 4.47 5,45 0,56 32 15 53 396 16,2
1989 2,54 2.75 0.24 36 13 51 1282 31,5
1991 1,39 3.59 0,10 11 14 75 3106 21,7

Table 2. The mean values of nutriants concentrations, total phytoplankton and cyanobacteria
biomass, and DIN/DIP ratio in the pelagial zone (0 - 10 m layer) of the Riga Gult in summer -
autumn period 1972 - 1992. Number of observations : 750

Year | N-NO3 N-NH4 P-PO4 | The number of cases Total Cyanobacteria
(pmol/N) | (pmol/l) | (nmol/l) (%) phytoplankton (% of total

with DIN/DIP ratio (mg/m3) phytoplankton)

o <16 16-30 > 30

1972] 0,86 1.85 0.23 87 6 7 33,53 7.36

1975 1,02 1,40 0.21 92 6 2 540,88 35,05

18976 1.80 7.65 0,22 17 12 71 411,78 12.81

| 1977] 5.46 2,79 0.07 0 17 | 83

1978| 3,90 23.72 0.61 20 30 50 138,96 17.56

19791 o0.50 11,69 0,13 21 2 77 104,48 33.14

1882 1,11 1,84 0.04 0 0 100

1987 2,92 2.03 0.12 17 10 73 4128,29 11.76

1988| 7.28 1.49 0,45 | 24 40 36 122.21 6.56

1989| 3.05 5.97 0,38 16 21 63 874,14 49.59

1991 3.30 1,63 0.14 4 12 84 897,07 35.89

1992| 2.98 8.01 0,27 29 13 58 547,14 52,27

A positive growth of cyanobacteria standing stock was observed during 1972-1992 in
tht_:-‘ whole Gulf and it was particularly clear in the western littoral of the Riga Guif
(Fig. 3). Less expressed increase of cyanobacterial bloom was observed in the eastern
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part of the Riga Gulf. Obviously, it was related with the effect of nutrient load from the
river Daugava, the runoff of which is turned northwards along the eastern coast
{Berzinsh, 1980), promoting the development of other systematic groups - as
diatoms, dinoflagellates and green algae which in comparison with cyanobacteria
demand higher level of nitrogen.

The observation period 1872-1992 is characterized by significant changes in
nutrient concentrations and in the ratio of dissolved inorganic nitrogen and phosphorus
in the Gulf of Riga (Table 1;2). The high value of inorganic N/P ratio in comparison
with the Redfield ratio 16:1 (Redfield et al, 1963) indicate that the Gulf of Riga in
summer is mainly a phosphorus limited system (Yurkovskis et al,1993). It is
demonstrated by the analyses of nutrient concentrations and DIN/DIP ratio in the Gulf
of Riga in 1972-1992 (Table 1; 2). The growth of nutrient level and the high value of
DIN/DIP facilitate the development of species being indicators of high saprobity like
Nitschia acicularis, Skeletonema costatum, Monoraphidium contortum (Baltic Sea
Environmental Proceedings No. 5B, 1981; Kalbe,1980 ).

The low DIN/DIP ratio in the whole Gulf was observed only at the beginning and

middle of 70-ies (Table 2). In summer 1872 and 1975 the value of DIN/DIP ratio
was lower the Redfield ratio in 87% and 92% of cases, respectively. In the mid-70-
ies in comparison with early 70-ies an increase of the total phytoplankton biomass
was observed as well as the importance of the blue-green algae.
Summer phytoplankton in 70-ies was basically formed of brackish-moderate warm
water species complex the main representative of which was Aphanizomenon flos-
aquae, Snowella lacustris, Nodularia spumigena. Beginning with late 70-ies the
territory of the whole Gulf is characterized on the average by a high DIN/DIP ratio,
which exceeds 30:1 in 51- 81% of cases in littoral and in 36-100% of cases in
pelagic. The high concentration of inorganic nitrogen is supported by the high level of
N-NH4 particularly in the littoral zone in 1978 and in pelagic zone in 1978; 1979.
High values of DIN/DIP ratio affect negatively the development of cyanobacteria,
resulting in a decrease of heterocyst frequency (Wallstrom, 1991). At the end of 70-
ies the biomass of cyanobacteria in the coastal zone of the Riga Gulf does not exceed on
the average 0,3-2,6% of the total phytoplankton biomass (Table 1). At this time a low
development of cyanobacteria was registered at relatively high nitrogen concentrations
( mean concentration of N-NH4 - 38.2 pmol/l and high inorganic N/P ratio, which in
Summer 1978 in 81% of cases exceeded DIN/DIP 30, and only in 5% of cases it was
lower the Redfield ratio 16:1.

The end of 80-ies and the beginning of 90-ies (1989-1992) was the period of
Intensive development of cyanobacteria during summer, on the average making to 52%
of the total phytoplankton biomass (Table 1; 2). A relatively low N/P ratio (especially
N the surface layer) in separate coastal areas in 1988 and 1989 can be considered as
a factor promoting the development of cyanobacteria in this period which on the
average in 34% of cases was below the Redfield ratic 16:1 (Table 1). The local
INCrease of total phosphorus concentrations in pelagic zone (Yurkovskis & Mazmachs,
1990 ) in late 80-ies could also be one of the promoting factors.

CONCLUSIONS

The Gulf of Riga can be characterised as an area of high eutrophication level in
§Ummer. From late 70-ies the Gulf of Riga is considered a phosphorus limited system
limiting the development of nitrogen fixing cyanobacteria. The high level of nitrogen
determines the development of species being indicators of high saprobity. In the recent

€Cade an increase of cyanobacteria standing stock has been stated in the Gulf of Riga. A
Positive trend in the development of nitrogen fixing cyanobacteria can be explained by
2 Jocal decrease in DIN/DIP ratio as one of the most important factors.
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Fig.l. Study area and the location of sampling station.
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271. Nitzschia sigmoidea (Nitzsch)
W. Smith 1853

Synonym: Bacillaria sigmoidea Nitzsch 1817
Life-form: Epipelic, solitary (motile)
Size: Apical axis = 180 - (205) - 310 um,

Transapical axis =9 - (14.5) - 16 um

n = 25 (Gulf of Riga. Latvia)

Apical axis = 234 - (314) - 423 um,
Transapical axis =9 - (16.5) - 19.5 ytm

n = 25 (Greifswalder Bodden, Germany)

Distribution: BAL

Floras: Germain (1981: Pl. 138/1-4)
Hustedt (1930: Fig. 810)
Krammer & Lange-Bertalot
(1988: Fig. 4/1.2; Fig. 5/1-3)

Literature:

Mann, D.G. 1986. Methods of sexual reproduction in Nirzschia:
Systematic and evolutionary inplications. Diatom Re-
search 1: 193-203.

Hasle, G.R. 1994, Pseudo-nit=schia as a genus distinct from
Nirzschia (Bacillariophyceae). Joumal of Phycology
30: 1036-1039.

Maija Balode & Karl-Albert Wegener
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TABLES 1-5 ARE BASED ON THE FOLLOWING AREAS:

KATTEGAT

Open sca;

KAT1 Plankton Kattegat ((13)16-25(34)%o):
HELCOM., SNV

Swedish coast:

KAT2 Benthos Kategat (ca. 10-25%s):
Matx Kuylenstierna

KAT3 Benthos transition area (ca. 5-10%o):
Mats Kuylenstiema

KAT4 Benthos river mouth Nordre Alv
(ca. 1-3%0): Mats Kuytenstierna

ORESUND

Open sea;

ORE1 Plankton Oresund (10-20%.. depending
on flow direction): HELCOM. SNV

Swedish coast:

ORE? Sediment and epiphyton Oresund in
spring (10-11%o): Pauli Snoeijs

ARKONA SEA

Open sea:

ARK1 Plankton Arkona Sea (7-10%0):
HELCOM, SNV

BORNHOLM SEA
Open sea:
BORI Plankton Bornholm Sea (7.5-8.5%0):
. HELCOM, SNV
awedish coast:
BOR2  Epiphyton Handsund in spring
(ca. 7%o): Pauli Snoeijs

BALTIC SEA PROPER

Upen sea-

BALL  Plankion western Gotland Sea (6-7%0):
HELCOM, SNV
Plankton eastern Gotland Sea (7-8%o):
HELCOM., SNV
BALS  Benthos Gdansk Bay (7-8%0):
. Andrzej Witkowski
BAL3g Epiphyton Gdansk Bay (7-8%o):
BALg Andrzej V_Jiv_kowski
Benthos river mouth Wisla (1-7%o):
- Andrzej Witkowski
AL? Plankion northem Curonian Lagoon
BaLg (0-4%o0): Jorate Kasperoviciene
: Benthos northemn Curonian Lagoon
(0-4%o): Jorate Kasperoviéiene
Plankion southeastern coastal area
Eaton: (3-8%¢): Irina Olenina
BALto Benthos Moonsund area (2-7%o):
BaLyy Sirje Vilbaste
: Plankton Moonsund area (2-76):
Kai Piirsoo

BAL2

BALY

Swedish coast:

BAL12 Sediment and epiphyton Kaimarsund and
Kvidsfjarden in spring (6-7%e): Puuli
Snoeijs

BALI13 Benthos Asko - Himmerfjirden area
in spring (ca. 6%o): Pauli Snoeijs

BALI14 Plankton Askd - Himmerfjdrden area
(6-7%c¢): Susanna Hajdu

GULF OF RIGA

Latvian coast:

RIG Plankton coastal zone of the Gulf
of Riga (1-7%0): Maija Balode

GULF OF FINLAND

Finnish coast:

FIN3  Benthos Tvirminne area, inner
archipelago (ca. 6%o): Elina Leskinen

FINd Benthos Tvirminne area, outer
archipelago (ca. 6%o): Elina Leskinen

FINS5S  Plankton Tvirminne area (ca. 6%o):
Elina Leskinen

Estonian coast:

FIN6  Plankton Tallinn Bay (5-7%o):
Kai Piirsoo

FIN7  Plankton Narva Bay (3-3%o):
Kai Piirsoo

Russian coast:

FIN8  Plankton Koporje Bay (3-4%0):
Nathalie Balashova

FIN9  Plankion Neva Bay (0.1-0.3%o):
Nathalie Balashova

ALAND SEA

Open sea:

ALA  Plankton Aland Sea (5-6%o):
HELCOM. SNV

BOTHNIAN SEA

Open sea:

BOS1 Plankton Bothnian Sea (ca. 6%o):
HELCOM., SNV

Swedish coast:

BOS2 Benthos Forsmark, incl. cooling water
discharge area (ca. 5%o): Pauli Snoeijs

BOS3 Epiphyton Bothnian Sea in spring
(4-3%c). Pauli Snoeijs

BOTHNIAN BAY

Open sea:
BOB1 Plankton Bothnian Bay (23%c):
HELCOM. SNV

Swedish cpast;
BOBJ Epilithon Bothnian Bay (1-3%n):
Pauli Snoeijs

(The same area codes were used as in
Volumes | and 2)
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Table 4: Geographical distribution of the 100 diatom species treated in this guide:
Gulf of Riga (RIG) and Gulf of Finland (FIN). ¢ = common, vc = very
common, r = rare, - = not recorded.

RIG FIN3 FIN4 FIN5 FIN6 FIN7 FINg FIN9

Achnanthes bahusiensis - r - - - - - i
A. bioretil - - - - - - R .
A. clevei - r - - - - . -

A. groenlandica - - - - - - - R
A. thermahs - - - - - - - .
Actinocyclus octonarius var. crassus - - - T - - - -
A. octonanus var. tenellus - - - - - - - -
Actinoptychus senarius - - - - - - - R
Amphora acutiuscula - - c
. coffeaeformis - c c - r R
. holsatica - - r
. hyalina - - - - - - - -
. macilenta var. typica - - r - - - B N
. micrometra - - - - - - . _
. robusta - - - - - - - .
. venela - - - - - - - -
Aneumastus minor - - - - - . N .
Attheya decora - - r - - - - )
Caloneis amphisbaena r - r - r - r -
Cavinula pseudoscutiformis - - - - - - - ,
Cerataulus turgidus - - - - - - - -
Cocconeis disculus - - - - - - - .
Coscinodiscus asteromphalus - - - - - - - -
C. wailesii - - - - - X . .
Cosmioneis pusilla - - - - - - - -
Cyclotella atomus - r - - - - . "
C. radiosa ¢ r - - . ; _ r
Cymbella affinis . - - - - - . _
Diatoma constricta - - r - - - - ,
Dimeregramma minor - - - - - - - )
Diploneis domblittensis - - - . - - - B
D. oculata - - - - - - R B
Encyonema prostratum - r - - - - r
E. silesiacum - - - - r - R
Entomoneis paludosa - - c - r - r -
E. pseudoduplex - - r
E. punctulata - . R . - . _ :
Epithemia turgida - r ¢ - r - r r
Fallacia clepsidroides - - - - - - . B
F. cryptolyra - - . - - - . i
F. forcipata - - - - - i . )
F. tlenera - r R - - _ R ;
Fragilaria heidenii . - - - - - . B
Fragilaria vaucheriae - - r , - . " A
Licmophora abbreviala - - - - - - - -
L. dalmatica - - - - - - - -
Mastogloia exigua - ¢ r - . . R .
M. lanceolata - - - - _ . R A
M. pusilla - - - - . ) ) }
M. smithii var. amphicephala - c c - - - - -

g e




[uble 4 (continued):

RIG

FIN3 FIN4

FINS

FIN6  FIN7

FINS

FINS

\Nuvicula clamans
crucicula
. decussis
-flanatica
germanopolonica
meniscus
microdigitoradiata
phyllepta
platystoma
tripunctata
viminoides
Nizschia aurariae
dippelii
v dubia
. dubiiformis
alcganrula
v pusilla
\. Tecta
« reversa
Noscalanis
N sigmoidea
Dv ibellus plicatus
Peironeis granulata
P ].mmma
P marina
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1 “oneis placentula
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iotropis lepidoptera
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R ‘ubdoncma arcuatum
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Palodia acuminata
|uphr)ra pupula
2l Lmnema subsalsum
i r\rmrxodnscus neoastraea
3. rotula
durrellg crumena
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! l.mmphvsa hyalina
Nnmra eccentrica
Dlonella hungarica
! mimarum
datella quadrara
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Table 6: Distribution of the 100 diatom species treated in this guide according 10 salinity.
For each species the maximum score in Tables 1-5 is given for four salinny
ranges: 0-6%c = Bothnian Bay and areas with freshwater discharge throughout
the Baltic Sea, Oresund and Kattegat: 5-6%o0 = northern Baltic Sea: 6-10%c =
southern Baltic Sea; >10%0 = Oresund and Kattegat. ¢ = common, vc = very
cornmon, r = rare, - = not recorded, ? = probably occurring (marine species).

0-6%¢ 5-6%  6-10%¢ >10%0 Distribution
Achnanthes bahusiensis - c c r BAL

A. bioretii r - - - F (BAL)

A.clevel c r r - F (BAL)

A. groenlandica - - - r M (BAL)

A. thermalis - - - - *
Actinocyclus octonarius var. crassus c r c r BAL (F)

A. octonarius var. tenellus c - r - F (BAL)
Actunoptychus senanus - - - r M (BAL)
Amphora acutiuscula - c c - BAL

A. coffeaeformis r c c r BAL

A. holsatica r c c T BAL

A. hyalina - - r M (BAL)

A. macilenta var. rypica - d c - BAL

A. micrometra - - ¢ c BAL (M)

A. robusta - c r r BAL

A. venela r r r - BAL (F)
Aneumastus minor r r - - BAL (F)
Attheya decora - r ve c BAL (M)
Caloneis amphisbaena r r c r BAL
Cavinula pseudoscutiformis r - r - BAL (F)
Ceratautus turgidus - - - - *
Cocconeis disculus r - - - F (BAL)
Coscinodiscus asteromphalus - - r - BAL

C. wailesii - - - r M (BAL)
Cosmioneis pusilla r r c - BAL
Cyclotella atornus C r r - F (BAL)

C. radiosa ¢ r r - F (BAL)
Cymbella affinis ve r - - F (BAL)
Diatoma consiricta - ve - - BAL
Dimeregramma minor - r c M (BAL)
Diploneis domblittensis - r - BAL

D. oculata r - r - BAL (F)
Encyonema prostratum c r - - F (BAL)

E. silesiacum ve r - F (BAL)
Entomoneis paludosa r c r - BAL

E. pseudoduplex - ve - - BAL

E. punctulata - ¢ r r BAL
Epithemia turgida c c ¢ r BAL (F)
Fallacia clepsidroides - r c c BAL (M)

F. cryptolyra r - ve C BAL (M)

F. forcipata - - r r BAL (M)

F. tenera r T c C BAL (M)
Fragitaria heidenn ve - r - F (BAL)
Fragilaria vaucheriae c f r F (BAL)
Licmophora abbreviata - - r c M (BAL)

L. dalmatica - - - vC M {BAL)
Masiogloia exigua r c T c BAL (M)

M. lanceolasta - r r - BAL

M. pusills . r r - BAL

M. smithii var. amphicephala r c r - BAL

* = only recurded from fossil sediments
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0-6%o 5-6%c  6-10%c  >10%0 Distribution
Naviculu clamans - r r BAL (M)
N. crucicula r - c r BAL
N. decussis r - - - F (BAL)
N. flanatica T c r - BAL
N. germanopolonica - - ve ve BAL (M)
N. meniscus c c c - BAL (F)
N. microdigitoradiata r r r - BAL (F)
N. phyliepta ¢ ve ve ve BAL
N. platystoma c - r - F (BAL)
N. tripunctata r c r - BAL
N. viminoides - - r r BAL (M)
Nitzschia aurariae - r c c BAL (M)
N. dippelii - - c - BAL
N. dubia r r r - BAL (F)
N. dubiiformis - - r ve M (BAL) **
N. elegantula - c r - BAL
N. pusilla - c ve - BAL
N. recta C - - - F (BAL)
N. reversa - r r c M (BAL)
N. scalars - c - - BAL
N. sigmoidea r c r - BAL
Parlibellus plicatus - - < r BAL
Petroneis granulata - - r r BAL (M)
P. latissima - r r BAL (M)
P. marina - r r r BAL (M)
P. monilifera - - - r M (BAL)
Pinnulana elegans r r c - BAL
Placoneis placentula c - c - BAL (F)
Plagtogramma staurophorum - - - r M (BAL)
Plagiotropis lepidoptera - ve c r BAL
Pleurosigma elongaium r ve r ve BAL (M)
P. formosum - - - r M (BAL)
P. salinarum r c c c BAL (M)
Proboscia alata - - r c M (BAL)
Proschkinia poretzkajae - - ve ve BAL (M) **
Rhabdonema arcuatum - c c BAL (M)
Rhizosolenia delicatula - - - c M (BAL)
Rhopaiodia acuminata - r - r BAL (M)
Setlaphora pupula c - - - F (BAL)
Skeletonema subsalsurn c r r - F (BAL)
Stephanodiscus neoastraea ¢ - r - F (BAL)
S. rotula c r r - F (BAL)
Surirella crumena c c r - BAL (F)
Synedra acus ve r - - F (BAL)
S. ulna ve r - F (BAL)
Thalassiophysa hyalina - - - r M (BAL)
Thalassiosira eccentrica r - r C M (BAL)
Tryblionella hungarica r r T r BAL
T. salinarum T r r - BAL (F)
Undatella quadrata - - - r M (BAL)

™ = mainly recorded from couling-water discharge ureas
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b
Spatio-temporal distribution of toxic dinoflagellates in the Gulf of Riga, Baltic Sea

M. Balode ‘
[nstitute of Aquatic Ecology, University of Latvia, 3 Miera Street, Salaspils LV-2169, Latvia

A long-term study (1972-1993) of the phytoplankton community structure in the Gulf of Riga
showed a sigrnuficant increase of occurrence and abundance of harmful cyanobactena and
dinoflagellates since the end of the 19801es. Potentially toxic cyanobactenia Aphanizomenon
Jlos-aguae and Nodularia spumigena and the dinoflagellate Dinophysis acuminata were the
dominant species in summer communities since 1993, representing more then 50% of the total
phytoplankton biomass, and have been responsible for allergic and gastrointestinal problems in
humans and dogs.

Studies of the physical, chemical and biological mechanisms controlling the development of
Dinophysis acuminata in the Gulf of Riga was carried out dunng summers 1993-1993.
Maximum abundance of D. acuminata (6.7x104 cells/1) was recorded at the end of the
cyanobacterial bloom (4 August 1593). Occumrence of D. agcuminata in different
temperature/salinity conditions show the importance of such parameters on development of
this species. From nearshore to offshore abundance of D. gcuminata typically increased and
generally concentrations of cells were marked in the zone of brackish waters (opposite the
mouth of the rivers Daugava, Lielupe and Gauja) underlining significant role of salinity in the
development of marine dinoflagellates. According to the vertical distribution of D. acuminata
the highest densities of cells was stated in the upper water layer with the maximum above the
termocline.



THE OCCURRENCE OF TOXIC CYANOBACTERIA IN THE GULF OF
RIGA

Maija Balode and Ingrida Purina
Institute of Aquatic Ecology. Latvian University, 3 Miera Street, Salaspils, Latvia

The occurrence of harm ful cyanobacternia in the Gulf of Riga is greatly dependent on different
¢nvironmental factors - water temperature and salinity, the concentration of nutrients and their
Interrelations. Water temperature and DIN/DIP ratio are considered to be the most decisive
factors in the development of harmful cyanobactena. Studying the seasonal changes of
tYanobacteria in the Gulf of Riga in correlation with the environmental factors, two different
=foups of species can be separated. The species of the first group show a tendency to exist in a
relatively wide range of environmental conditions forming one or more annual peaks. A
tvpical representative of this group is Aphanizomenon flos-aguae. [t occurs almost throughout
the vear with long periods of domination. The occurrence of some harmful cyanobacteria, e.g.
Nodularig spumigena, is characterised by a considerably less wide range of environmental
‘onditions and there is only one annual peak.

(POSter)

éSl International Congress on Toxic Cyanobacteria (Blue-green Aigae)
" 24 August 1995, Renne. Denmark 4
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Photographs: Marina Potapova (LM & SEM: Zelenogorsk. Gulf of Finland. Russia)

337. Cyclotella stelligera Cleve & Grunow in Van Heurck
1882

Synonym: Cyclotella meneghiniana var. ?stelligera Cleve & Grunow in Cleve 1881
Habitat /

life form: Pelagic, no colonies observed

Size: Diameter = 5.5 - (9.0) - 13 um, n = 16 (Zelenogorsk, Gulf of Finland, Russia)

Diameter = 7 - (10) - 14 m, n = 10 (Gulf of Riga, coastal zone)
Distribution:  F (BAL)

Floras: Hustedt (1927-1930: Fig. 172)
Krammer & Lange-Bertaiot (1991a: Fig. 49/14)

Literature:

Haworth, E.Y. & Hurley, M.A. 1986. Comparison of the stelligeroid taxa of the centric diatom
genus Cyclotella, In: Ricard, M. (ed.), Proceedings of the Eighth Intenational Diatom
Symposium. Koeliz, Koenigstein. pp. 43-58.

Chang. T'P. 1991. Electron microscopic studies of the type material of the centric diatom
Cyclotella stelligera Cleve and Grunow. Diatom Research 6: 1-14.

Marina Potapova & Maija Balode
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Photograph: Kai Piirsoo (LM: Narva Bay, Estonia)

344. Fragilaria crotonensis Kitton 1869

Habitat /
life-form: Pelagic. forming ribbon-shaped colonies
Size: Apical axis = 71 - (95) - 106 um, Transapical axis =3 - (3.7) -4 um

(n =25, Neva Bay, Russia)

Apical axis = 72 - (76) - 86 pm, Transapical axis =2 -(2.3) - 3 ym
(n =25, Narva Bay, Estonia)

Apical axis = 60 - (90) - 125 ym, Transapical axis =2 - (4.0) - Sum
(n =25, Gulf of Riga, coastal zone Latvia)

Distribution: F(BAL)

Floras: Germain (1981: P). 18/1.2)
Hustedt (1931-1959: Fig. 658)
Krammer & Lange-Bertalot (1991a: Fig 116/1-4)

Literature:

Canter. HM. & Jaworski. G.H.M. 1982. Some observations on the alga Fragilaria crotonensis
Kitton and its parasitism by two chytridiaceous fungi. Annals of Botany 49: 429-446.

Canter, HM. & Jaworski. G.H.M. 1983. A further study on parasitism of the diatom Fragilaria
crotonensis Kitton by chytridiaceous fungi in culture. Annals of Botany 52: 549-563.

Crawford. R.M.. Canter, HM. & Jaworski, G.H.M. 1985. A study of two morphological variants
ofthe diatom Fragilaria crotonensis Kitton using electron microscopy. Annals of Botany
55: 473-485.

Kai Piirsoo, Nathalie Balashova & Maija Balode
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Table 4: Geographical distribution of the 100 diatom species treated in this guide:
Gulf of Riga (RIG) and Gulf of Finland (FIN). ¢ = common, vc = very
common, r = rare, - = not recorded.

RIG FINS FIN6 FIN7 FIN8 FIN8a FIN9 FINIO

Achnanthes bremeyeri - - - - - - . -
. fogedii - - - - - - - .
. lanceolata ssp. dubia - - - - ¢
. lanceolata ssp. frequentissima - - - - - - - c
lemmermannii - - - - - . , c
linkei - - - - - R - .
cf. minuscula - - - - - . -
. oblongella - - - - - - . .
. punctulata - - - - - - . R
rossii - - - - - . - ve
rostrata - - - - r . . c
Amphora cf. bacillaris - - - - - - . -
beaufortiana - - - - - - . _
. decussata - - - - - - . -
. cf. exigua - - - - - - . 8
. ostrearia var. lineata - - - - - B .
. rhombica var. intermedia - - - - - - - -
. staurophora - - - - - - .
Aneumastus tusculus - - - - r r . -
Ardissonea crystallina - - - - - - -
Aulacoseira subarctica - - - - - R . ¢
Berkeleya micans - - - - - R . .
Biremis ambigua - - - - . - . -
B. lucens . - - - N . B _
Caloneis crassa - - - - - _ -
Cavinula cocconeiformis - - - - - - . r
Chaetoceros affinis - - - - - R . .
. diadema - - - - - . -
mitra - - - - . - .
. muellen var. subsalsum - - - - . - -
. simplex - - - - - - - -
. subtilis - - r - - - -
. throndsenii - - - - - R . -
Cocconeis costata - - - - . . .
C. quarnerensis - - - - _ . - -
Cyclotella schumannii - - - - - R - -
C. stelligera c r - - - - - ¢
Denticula sundayensis - - - - - - . -
Donkinia angusta - - - - - . B
D. recta var. minuta - - - - - - - -
Faliacia florinae - - - - . - . R
F. litoricola - - - - - . .

PrrrrErrry

>>> P>

NnONNON

F. psevdony - - - - - - ;
Fragilana crotonensis c r - r r - ¢ r
Grammatophora manna - r - - - . . .
Guinardia flaccida - - - - - - - _
Gyrosigma fasciola - r - - - - -

Hantzschia virgata var. gracilis - - - - . - _
H. virgata var. wittii . - - - - - - -
Haslea ostrearia - - - - - - . .
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RIG FINs

FIN6

FIN7

FINS FIN8a

FIN9 FINI10

Licmophora debilis

L. gracilis var. anglica
Lunella bisecta
Martyana martyi
Navicula armoricana
. bipustulata
. cruciculoides
eidrigiana
germainiu
integra
lesmonensis
margaritiana
oestrupii
. pavillardii
. pseudocrassirostris
. radiosa
Neidium iridis var. amphigomphus
Nitzschia brevissima

N. dissipata

N. cf. distans

N. grossestriata

N. heufleriana

N. littorea
Odontelia mobiliensis

O. sinensis
Pinnularia appendiculata

P halophila

P. mesolepta

P. neomajor
Placoneis gastrum
Plagiotropis vanheurckii

P. vitrea
Pleurosigma aestuarii

P angulatem

P. lanceolatum var. cuspidatum
Pseudogomphonema kamtschaticum
Pseudosolenia calcar-avis
Reimeria sinuata
Rhizosolenia hebetata fo. semispina

R. pungens

R. setigera
Rhoicosigma compactum
Scoliotropis latestriata
Sellaphora bacillum
Stavroneis phoenicenteron
Thalassiosira lacustris

T. oestrupii

T. weissflogii
Trachyneis aspera
Tryblionella gracilis

ZZZZZLZZEZZZEZ
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Table 6: Distribution of the 100 diatom species treated in this guide according to

salinity. For each species the maximum score in Tables 1-5 is given for four
salinity ranges: 0-6%c = Bothnian Bay and areas with freshwater discharge
throughout the Baltic Sea. Oresund and Kattegat; 5-6%o0 = northern Baltic
Sea; 6-10%c = southern Baltic Sea; >10%0 = Oresund and Kattegat. ¢ =
common, vc = very common, r = rare, - = not recorded, ? = probably
occurring (marine species). * = only recorded from fossil sediments.

0-6%0 5-6%c 6-10%c >10 %« Distribution
Achnanthes bremeyeri - - c M (BAL)

A. fogedii - - *

A. lanceolata ssp. dubia c - F (BAL)

A. lanceolata ssp. frequentissima c - - - F (BAL)

A. lemmermannii [ c c c BAL

A. linkei - - c r BAL

A. cf. minuscula - c o - BAL

A. oblongella ve - r r F(BAL)

A. punctulata r c c r BAL

A. rossii Ve - - - F(BAL)

A. rostrata [+ - - F (BAL)
Amphora cf. bacillaris - c M (BAL)

A. beaufortiana - c M (BAL)

A. decussata - - - T M (BAL)

A.cf. exigua - [ c [ BAL (M)

A. ostrearia var. lineata - - - r M (BAL)

A. rhombica var. intermedia - - - - *

A. staurophora r T c c BAL (M)
Aneumastus tusculus T - r - F(BAL)
Ardissonea crystallina - - - T M (BAL)
Aulacoseira subarctica C - - F(BAL)
Berkeleya micans - - - Ve M (BAL)
Biremis ambigua - - - r M (BAL)

B. lucens - r c c BAL (M)
Caloneis crassa r - c c BAL (M)
Cavinula cocconeiformis N r - - F(BAL)
Chaetoceros affinis - r r r BAL (M)

C. diadema - 13 r BAL (M)

C. mitra - - - - *

C. muellen var. subsalsum - - r - BAL

C.simplex r - r r BAL

C. subtilis r r r r BAL

C. throndsenii - - 3 r BAL (M)
Cocconejs costata - - r M (BAL)

C. quamnerensis - - - - *
Cyclotella schumanniy r - - *

C. stelligera c r - F (BAL)
Denticula sundayensis - r - - BAL
Donkinia angusia - - r M (BAL)

D. recta var. minuta - - - r M (BAL)
Fallacia floninae r - c r BAL

F. litoncola - - - [ M (BAL)

F. pseudony - - o c BAL (M)
Fragilana crotonensis c r r - F (BAL)
Grammatophora marina - r r r BAL (M)
Guinardia flaccida - r r BAL (M)
Gyrosigma fasciola r c r BAL
Hantzschia virgata var. gracilis - - r r BAL (M)

H. virgata var. wittii - r M (BAL)
Haslea osirearia - - r M (BAL)
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0-6%c 5-6% 6-10%c >10 % Distribution
Licmophora debilis C C c c BAL

L. gracilis var. anglica 4 ¢ [d c BAL
Lunella bisecta - [d c BAL
Martyana martyi c r r F (BAL)
Navicula armoricana - - r - BAL

N. bipustulata r - c r BAL

N. cruciculoides - - c r BAL

N. eidrigiana r r - BAL (F)

N. germaini - r - BAL

N.integra r - F (BAL)

N. lesmonensis c - - - F (BAL)

N. margaritiana r c c - BAL

N. oestrupii r r c - BAL

N. pavillardij - c r BAL

N. pseudocrassirostris - - - - *

N. radiosa c r - F(BAL)
Neidiumn iridis var. amphigomphus r - - F(BAL)
Nizschia brevissima ve - - F (BAL)

N. dissipata ve - r - F (BAL)

N. cf. distans - r M (BAL)

N grossesinata - - r r BAL (M)

N. heufleriana c c r - BAL (P

N. littorea - - T r BAL (M)
Odontella mobiliensis - - c M (BAL)

O. sinensis - - - ¢ M (BAL)
Pinnularia appendiculata - r . BAL

P. halophila r r c BAL

P. mesolepta r - - F (BAL)

P neomajor r c BAL
Placoneis gastrum r - - - F (BAL)
Plagiotropis vanheurckii - c M (BAL)

P. vitrea - - r M (BAL)
Pleurosigma aestuarii - r c M (BAL)

P. angulajum - - - r M (BAL)

P )anceolatum var. cuspidatum - r c M (BAL)
Pseudogomphonema kamtschaticum - - ve M (BAL)
Pseudosolenia calcar-avis - - - *
Reimeria sinvata c F(BAL)'
Rhizosolenia hebetata fo. semispina - - r r BAL (M)

R, pungens - - r M (BAL)

R. setigera - r M (BAL)
Rhoicosigma compactum - - r M (BAL)
Scoliotropis Jatestriata - - r M (BAL)
Sellaphora bacillum c - - - F (BAL)
Stauroneis phoenicenteron T - - F (BAL)
Thalassiosira lacustris c r r r F (BAL)

T. oestrupii - - - - *

T. weissflogii v - r r BAL
Trachyneis aspera - - - r M (BAL)
Tryblionella gracilis r r T r BAL
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Spatio-temporal distribution of toxic dinoflagellates in the Gulf of Riga, Baltic Sea

M Balode _ ‘ _ S Latvi
Institute of Aquatic Ecology, University of Latvia, 3 Miera Street, Salaspils LV-2169, Latvia

A long-term study (1972-1995) of the phytoplankton community structure in the Gulf qf Riga
showed a significant increase of occurrence and abundange of harmful .cyanobacAtena and
dinoflageliates since the end of the 1980ies. Potentially toxic cyanobacteria Aphanizomenon
flos-aquae and Nodularia spumigena and the dinoflagellate Qinophys:s acumnowata were the
dominant species in summer communities since 1993, representing more t_hen §OA> of the totgl
Phytoplankton biomass, and have been responsible for allergic and gastrointestinal problems in
humans and dogs. . . . . devel i
Studies of the physical, chemical and biological mechanisms contrqllmg the development o
Diﬂophysis acuminata in the Gulf of Riga was camed out dunng summers 1993-1995
Maximum abundance of D. acuminata (6.7x104 cellsN) was recorded.at the_ end.of the
Cyanobacterial bloom (4 August 1993). Occurrence of D. acuminata in dlﬁ'eremi
temperature/salinity conditions show the importance of such parameters on deyelopmem ot
this species. From nearshore to offshore abundance of D. acuminata typically lncreaS(?d and
Senerally concentrations of cells were marked in the zone of'bra_xclosh waters (opppsnt»c the
Mouth of the rivers Daugava, Lielupe and Gauja) underhmng' sngru_ﬁcgm role of salinity n the
deVClOpment of marine dinoflagellates. According to the vertical distnbution of D. acuminata

the highest densities of cells was stated in the upper water layer with the maximum above the
termocline.
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HARMFUL ALGAL BLOOMS IN LATVIA 1995

Location:
Date of occurrence:

Effects:
Management decisions:

Causative species:

Environment:

Advected populations
or in situ Growth:

Previous occurrence:

Additional comments:

individual to contact:

Gulf of Riga, litoral of the southern part

Not cbserved

Proroczentrum baliicum. Heterocapsa triquetra
During maximal abundancs of Prorocentrum
talticum (39000cells/l), Hetsrocapsa

triguetra (34000celis/l) the water teamperature
was above 16°C, salinity 2-4%.

In situ

Blooms occurred every summer since 1223

The blocm of Prorccentrum baltica and
Hzterocapsa trigusira ocbserved during end after

the bloom of Aphanizomenon flos-aquzz

Maija Balode, Institute of Aquatic ecolagy,

University of Latvia, 3 Misra street, Salasoils
LV-2169, Latvia. Tel.: 371 2954339
Fax: 3717 820113 Email: maija@hydro.edu.lv



HARMFUL ALGAL BLOOMS IN LATVIA 19385

Location:

Date of occurrence:

Effects:

Management decisions:

Causative species:

Environment:

Advected populations
orin situ Growth:

Previous occurrence:

Additional comments:

Individual to contact:

Gulf of Riga, southern part of the nearshore area
July- August 1585

Not observed

Aphanizomenon flos-aquae, Nodularia
spumigena, Anabaens spircidas

n

Calm and sunny wezather, weter temperaturs on
the surface reach 20-24°C, lcw concentrations of
N-NO3

In situ
Blooms reoccurred every summer since 1993

High temperature and low concentration of N-NO3
during summer are the most important factors
regulating development of Nodularia spumigena

Mzaija Balode, Institute of Aguzstic ecciogy,
University of Letvia. 3 Miera strest, Szlaspils
LV-2163, Latvia. Tel.: 371 2 85436

Fax: 3717 820113 Emaii: maija@hvdro.edu.lv
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THE USE OF SPECTRAL FLUORESCENCE METHODS TO DETECT CHANGES
IN THE PHYTOPLANKTON COMMUNITY

Jukka Seppild * & Maijja Balode **
*Department of Limnology and Environmental Protection, P.O. Box 27, FIN-00014

University of Helsinki, Finland .
**[nstitute of Aquatic Ecology, Department of Marine Ecology, Miera 3, LV-216%
Salaspilis, Latvia

In vivo fluorescence methods are efficient tools for studying the seasonal and
spatial dynamics of phytoplankton. Traditionally the measurements are made using
single excitation-emission wavelength combination. During the cruises in the Gulf of
Riga we supplemented this technique by measuring the spectral fluorescence signal
and several fixed wavelength fluorescence intensities. These methods allowed the
rapid collection of quantitative pigment data and qualitative diagnostics of the
phytoplankton community structure.

The pigment specific fluorescence intensities and the spectral fluorescence
fingerprints were analyzed together with concentrations of size-fractionated
chlorophyll 2 and pﬁyloplankton counts. The observed distribution patterns were
reflecting the horizontal gradients of eutrophication, frontal areas and vertical
stratification patterns.

When the spectral variability of different species is taken onto account, the spectral
fluorescence measurements completed with reference measurements allow the on-line
detection of the structure and physiological state of algal community. This technique
can be of great importance when the response of algae to the fluctuations of physical
and chemical environment is studied. The possibilities and drawbacks of the in vivo
fluorescence methods are discussed.

32

PHYTOPLANKTON COMMUNITY OF THE NEARSHORE AREA OF THE GULF OF

RIGA

Maija Balode*_ Ingrida Purina* & Uldis Botva®

'LI:tS‘-It_itute of Aquatic Ecology, University of Latvia, Miera street 3, Salaspils LV-2169,
ia

. Development of phytoplankton in relation to environmental conditions in the Gulf of
Riga in different seasons 1994/1995 was observed. Seasonal studies on phytoplankton
of the nearshore area show that major peaks appear in spring and summer and main
Peaks were reached in July 1994 and in April 1995, Values of phytoplankton biomass in
the guif differ considerably between seasons. The values of phytoplankton biomass in
the upper water layer (0-10m) varied in spring between 0.2 and 28 g/m3 (average 7.3
g’g‘g}, in summer 0.1-21 g/m3 (average 1.3 g/m3) and in autumn 0.1-3.3 g/m3 (average

-0 §/m3),

Phytoplankton data show marked differences in annual succession between
Z?asons_ Essential changes in phytoplankton species composition from diatoms and
di::gageilates, which dominated in vemal bloom assemblage, to cyanobacteria,
of ageila.tes and small flagellates during summer were observed. Significant increase

atoms in front of the mouth of river Daugava was registered.

1e
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HARMIFUL PHYTOPLANKTON IN THE GULF OF RIGA (THE BALTIC SEA)

Muln Balode, Ingnd Purina

Institute of Aquatic Ecology, University of Latvia, 3 Miera Street, Salaspils LV-2169, Latvia

ABSTRACT

This present paper describes the distribution of
potentially toxic algae Aphanizomenon fos-aquae,
Nodularia spumigena, Snowella lacustris, Microcystis
JerugInesa, Anabaena spirofdes, Apabaena
‘eimermannii. Apabaena flos-aquae and Divophysis
Jcuminata in the Gulf of Riga, Baltic Sea. In the recent
fecade massive blooms of harmful cyanobacteria and
fioflagellates  are frequent phenomena in the gulf
tusmg ailergic and  gastrointestinal problems for
“imals and humans. Toxic algal species represented
“" and even 100% of the total phytoplankton biomass
11 1994 and 1993 respectively. Harmful cyanobacteria
{11 dinoflagellates bave a seasonal and imegular
frumence. They are observed over the entire gulf,
F1eept cyanobacteria M. aeruginosa and Anabaena spp.
"2 mass occurrence of which is marked only in the
fotal areas. The highest abundance of dinoflagellates
1““I a5 Dinophysis acuminata concentrated opposite
IT:. mouths of the big rivers Daugava. Lielupe and
'i_"_l'“_“ ind the density of this species increased towards
- centre of the gulf. During cyanobacterial blooms,
| © tevelopment of other algal species was hindered.
[ ncrease in the abundance of potentially harmful
i'_ “obacteria over the last decade probably reflects a
“itse of the DIN/DIP ratio.

"TRODUCTION

Studies of phytoplankton in the Baltic Sea were

w-:ed At the end of last century. However, only in the
,':'-:"-i.decade have scientists concentrated on the study
_F,r':c algae [4, 9, 10, 14]. Cyanobacterial standing
- md the frequency of bloom episodes Lhave both
4 ;}-.cd duri'ng the last decade in the Gulf of Riga [1].
g.._ﬂ_'m_of this paper is to describe the spatio-temporal
L, ion of potentially toxic phytoplankton species
-: Guif of Riga. This work was motivated by
! "."\IF""VFOF_I‘ned by J. Tenson in the northemn part of
- olega where in 1992 and 1994, humans and
) f”“‘ toxicated by toxic algae (J. Tenson, pers.

W well as our personal observations in the

h_' Pt of the gulf where during the bloom of
‘ ,--:'. _”” ?eruginosa in 1989 and Aphanizomenon
% eand Nodularia spuniigens in 1993 allergic

SR TITT T .
"testinal problems arose after bathing.

MATERIALS AND METHODS

Investigations of seasonal dynamics of potentially
toxic phytoplankton species were carried out at 13
stations along the coastal zone of the Guif of Riga in
1989 during cruise 1 (Fig.1).

rt.l'

Fig.l. Study arca and sanpling stations i the Gulf of Riga in
1989,1993 and 1994.

QO stations of cruise 1 (27/02/89-11/12/89).» slations ol
crutsc 2 (28/07/93-04/08/93), O stations of cruise 3
(24/08/93-02/09/93), cruise 4 (20/06/94-22/06/94), cruisc &
(10/07/94-13/07/94); + stations of cruise 5 (28/0G/94-
05/07/94); — stations along transects [ - VIII of cruisc 7
(25/07/94-01/08/94),

From February to December, 147 water samples were
collected 1-2 times per month. In 1993 and 1994 water
samples were taken only during the summer period: 2
(1993)-4 (1994) umes per season (cruise l: 27/02/89-
[1/12/89; cruise 2: 28/07/93-04/08/93. cruise 3:
24/08/93-02/09/93; cruise 4: 20/06/94-22/06/94; cruise
5 28/06/94-05/07/94; cruise  6:10/07/94-13/07/94:
cruise 7. 25/07/94-01/08/94. Cruises 2:3:4 and 6
covered all the territory of the Gulf (52 pooled samples
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“om layer 0-10 m), cruise 5- the central part of the
Gulf (10 pooted samples from mixed surface layer),
ruise 7- the southemn part of the Gulf (99 samples from
14 sations along the wuansects [-VIII, samples were
ukan at Om; Sm: 10m; 20m; 30m depths depending on
- depth of the station).

Samples were collected in Nansen bottles and for
: analyses of phytoplankion structure used an
nveried microscope "Diavert”, following the Utermdhl
icchiique [17]. Density of counting units (filaments or
ionies for cyanobacteria, cells for dinoflageilates )
wd the biomass [3] were used as quantitative indices
o characterise the spatial and temporal distribution of
retentially toxic phytoplankton species. Phytoplankton
nomass (wet weight) was expressed as a volume of
‘unting units  according to they similarity wiih
seometrical — shapes.  The  nomenclature  of
istoplankton follows Edler et al. [5].

Daa of hydrochemical analyses were taken from
“eports of the Institute of Aquatic Ecology (Latvian
iiversity) and Preliminary Report of NORFA Project
Plagie eutrophication  and  sedimentation”.
Hydrochemical analyses were done by M.Mazmacs and

Botva using "Methods of Seawater Analyses” by K.
rushoff [6].

RESULTS

Aphanizomenoa flos-aquae (L.) Ralfs is a fresh
“lI=7 species occurring in water basins of varicus types
I": more brackish marine areas. It is the most
3 "1y distributed blue-green aigal species in the Gulf
133 and often initiates water blooms in late summer
H eurly autumn (July - September) when water
{M“Iature reaches 15°-16°C.
o Nodularia spumigena Mert., a widely distributed
“%12s of blue-green algae in the Baltic Sea, occurs in
“ GuIf of Riga in late summer sometimes (but mot
*Eiluly) rogether with Aphanizomenon flos-aquae.

Water temperature and low N/P ratio are the most
important factors regulating its development.

Snowella lacustris Chodat, occurs all over the gulf
territory in summer together with Apflranizornenon flos-
aguae.

Anabaena flos-aquae (Lyngb.) Brebisson is one of
the most widely distributed freshwater species, mainly
in plankton of lentic waters. It often occurs (in sumimer)
in the coastal zone of the Gulf of Riga but seldom
causes water discoloration.

Anabaena letnmerrpannii P. Richt. in Lemm.,
occurs in plankton of lentic and slightly latic waters. Tn
the Gulf of Riga, it occurs seldom, and then mainly in
summer. No water discoloration is observed.

Anabaena spiroides Klebahn, occurs in the
plankton of water bodies of various types, most often in
lentic and less often in latic waters. It occurs rather
often in the Gulf of Riga. particularly in summer, but
does not often reach bloom densities.

Microcystis acruginosa (Kiitz.) Kitz. is a widely
distributed species in the plankton of lentic and slightly
latic waters. Its maximum development is from late
June to the end of August and it is most abundant in the
coastal areas. It occurs only sporadically in the Gulf of
Riga and often initiates blooms in the coastal zone of
the guif.

Dipophysis acuminatz Clap. et Lachm., occurs
widely along the whole teritory of the pulf. Its
abundance increases dunng the transitional spring-
summer period after the phytoplankton spring bloom
(May-June). In this period maximum development of
Dinophysis acuminata was in the central area of the
Gulf of Riga (0-10 m deep) reaching up to 50% and
even to 80% of the total phytoplankton biomass and
60-100% of the total dinoflageliates biomass.

Altogether, 8 species of harmful phytoplankton were
identified in the Gulf of Riga. Seven are cyanobacteria
and cne is a dinoflagellate. Table [ summarises our
data about distribution of toxic species in the Gulf of
Riga.

% \‘ Characteristics of toxic cyanaobacteria and dinoflagellates species occurring in the Gulf of Riga. GR- Gulf of
=t NT-neurotoxic; HT- hepatotoxic; DSP- diarrhetic shellfish poisoning. Type of toxicity according to [2,9,14,16].

r—
"Pecies Area of Occurrence Blooms Type of toxicity
LW distribution
—_2NOBACTERIA
r ?%Je coastal areas frequent occasional NT(HT?)
- :-_'::‘;‘3’” fcr?ur{cnnannﬁ coastal areas rare not observed NT
'_ '.'Iﬁw_es coastal areas frequent not observed HT
T ——=2rmenon flos-aquae whole GR very frequent frequent NT (HT)
s fﬁgi‘ﬂi-if_t‘-‘_r_uginaca coastal areas frequent occasional HT
102 spuniigena whole GR rare occasional HT
. ',l;c”"’ l2cuseris whole GR frequent frequent HT
= ;_"*"L-L\GELLATES
\:M\'w‘mriﬂ?m whole GR frequent occasional pse




DISCUSSION

Blooms caused by toxic cyanobacteria and the toxic
dmoflagellate  Dinophiysis acumipata are frequent
pienomena in the Gulf of Riga. The harmful species of

e gulf are associated with several types of toxicity.
{17;': cyanobacteria are neurotoxic or hepatotoxic [2, 9,
I'5] and D. acuminata has a diarrhetic effect [2, 14, 16].
Polentially toxic species are most abundant during
simmer, causing the second apnual maximum in
rivtoplankton  development. Harmful phytoplankton
rzpresented more than 50% of the total biomass during
tie summer period (Fig 2, cruise 5) and during blooms,
«cre even 100% of the total phytoplankton biomass
cruise 2.
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Areal  diswribution of total phytoplankion. toxic

fuhicteria and toxic dinoflageilates in the central part of
= Gulf of Riga in 28/06/94 - 05/07/94 (pooled samples
Ui mixed surface layer). —= total biomass; —= toxic
‘Anohacteria; —m- toxic dinoflageltates

Cymobacteria blooms in the Gulf of Riga are of
oy duration, especially for Microcystis aeruginosa
nl..:_lcl blooms only for several days. The highest

I""d""CC of harmful cyanobacteria was found from
e Tune 1o early August

Occgnence of harmful cyanobacteria usually covers

" *iite gulf. however in the coastal zone where
. gt load is dorninating and N/P ratio is higher a
_c'eed role of cyancbacteria was observed. M
| Mewost and Anabaepa spp. can be considered as an
. certon. their mass development being marked just in
- astal  zone. Vertical  stratification  of
Moplakton s formed by intense development of
. sreen algae at the surface. The highest densities of
hj.":::teria were at 0-2.5 m depth durir_lg a bloom of

M Spumigena and 0-5 m deep during the bloom

nizonenon flos-aquae. Below this concentrated
e layer. a dramatical decrease in cyanobactenal

e follows with increasing depth.
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The most important factors regulating  the
developrent of harmful cyanobacteria in the Baltic Sea
are: 1) mixing of water layers resulting in phosphorus
enrichment of the wupper layers; 2) high water
termnperature (15-25°C); and 3) low DIN/DIP ratio [[, 9,
18], causing a drastic bloom of A. fos-aquae and N,
spumigena it the Gulf of Riga at the end of July 1993
The increasing trend in  the development of
cyanobacteria in the Gulf of Riga in the Iast decade
may well be due 1o a decrease of the DIN/DIP ratio [[].

Long term studics of summer phytoplankion
communities in the Guif of Riga reveal major chauiges
over the last decades. In the '40s and "50s. A. flos-aquae
was considered to be an obligatory constituent in the
summer phytoplankton [1[]. In the ‘70s and '80s this
species became less important (8 12] and occurred
rarely in the gulf plankton. In the '90s a significant
increase m the abundance of this species has been
observed {1].

Development of Omophysis acuminara begins at
late spring, early summer and reaches the maximum
(1.5x10%  cells/l) before and after bloom of
cyanobacteria. Density of cells durning js presence
constitutes several thousands cells per litve on the
average. The relative abundance of 0. acurninata aften
decreased when it accompanied a  bloom of
cyanobactena. During  an  intensive  bloom  of
cyanobacteaa in 1993/1994 (cruises 5,6.7), the biomass
of D acaminata in the upper layec (0-10 m) usually did
not exceed 10-15% of the total phytoplankton biomass.
Thus effect is particularly clear in the surface layer (0
m) where the biomass of 0. acuminatz in most cases
does not exceed 1% of the total biomass, ax well as in
other layers where high concentratious of cyanobactera
were observed. During an  intense bloom of
cyanobacterta in July 28-30 1993, cyanobacteria
biomass was 4000 mg/m3 in the surface of the central
part of the gulf (max 194 g/m3), whereas the biomass
of D acurninata exceeded 0.8% of the total
phytoplankton biomass 25% of the time, and in 75% of
the cases, D). acwminata was not observed at all. The
maximal density of D. acurmninata did not exceed 5000
cell</l. On August 4, 1993, a week after this intensive
cyanobacterial bloem. an increase in  Dimophysis
acumiinata abundance was observed in the surface layer
(0 m), its biomass reaching 28% (average [3%) of the
tatal phytoplankton biomass. Cells concentration was
67.000 cells/l {average 21.000 cells/1y. During this
period the finral stage in Aphanizomenon Aos-aguize and
Nodularia spumigens bloom was noted the result of
which was an increase in NH4-N, which probably
promoted the development of dinoflagellates [[3].

According to the horizontal distribution of O
acurninata, the maximal occurrence was observed in
the ceonwral part of the Gulf of Riga {cruise 2.3,4.6). In
the near-shore area (cruise 7)Y Dropliysis acururmaes
was widely disteibuted o 20 moand 3 m stations
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opposite the mouths of the big rivers Liclupe, Daugava,
Gauja (ransects ITI, IV, VII} with maximum 1.5X
|1”celiw] (transect III at station 30 m). One of the most
imporant Factors regulating D. acuniinata abundance is
salimty. In the coastal zone at salinity below 4%, a
decrease of Drnopfiysis acuninata dominance was
observed, being 0-1.6% (average 0.3%) of the total
phivtoplank ton biomass (cruise 7).

According to the vertical distribution of summer
phytoplankton, two main layers can be distinguished —
upper layer (0-10 m) with potentially toxic
cvanobacteria prevailing, and a bottom layer with
diatoms prevailing (mainly marine species). The
distribution of the potentially toxic dinoflagellate D
Jeuminata is rather heterogeneous. lts rmaximum
usually occurs in the upper layer (5-10 m) above the
terrnactine,  but sometimes Lelow the termocline as
well,

Taking into consideration the increase of frequency
and intensity of the bloom of potentially toxic
cvanobacteria Apfranizomenon flos-aguae, Nodularia
Srinigena and Microcystis a2eruginosa in the Gulf of
Riza (1], the toxic algae can in future becorne a serious
frablem of water guality lowering its recreational use
wid affecting the health of hurmans and animals.
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Relations between blooms of phytoplankton and the ‘red tide’ ciliate
Mesodinium rubrum in the Baltic Sea
E. Boikova, M. Balode, 1. Purina

Institute of Aquatic Ecology, University of Latvia, Salaspils, Miera 3 LV-2169, Latvia

The autotrophic ciliate Mesodinium rubrum as part of protozoan plankton of the
Baltic Sea was investigated. The ecophysiological state of ciliates Mesodinium
rubrum based on size-spectra and production measurements have been illustrated.

Relations between Mesodinium rubrum, nanoplankton and net phytoplankton have
been investigated during different seasons under bloom and non-bloom conditions.
Special attention was paid to the ecological ‘niche” of the ‘red tide’ phenomenon
caused by Mesodinium rubrum.

The ability of autotrophic ciliates to act as important utilizers of nutrients and their
competetive role conceming phytoplankton development in response to coastal
eutrophication (the Gulf of Riga) has been discussed. -
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SPATIAL AND TEMPORAL DISTRIBUTION OF DINOPHISIS IN THE GULF OF RIGA,
EASTERN BALTIC SEA

Maija Balode*
*Institute of Aquatic Ecology, University of Latvia, 3 Miera Street, Salaspils LV-2169, Latvia

This paper describes the spatio-temporal distribution of Dinophysis spp. (D. acuminata, D. rotundata)
i the Gulf of Riga. Phytoplankton studies were carried out in the southern part of the Gulf during
1494-1996. Data consist of year - round observations (April 1995 - May 1996) at 2 littoral stations and
asonal studies (summer 1994 - spring 1996) at 24 sublittoral stations. Coefficients of correlation were
Jsed 1o detect the relationship between abundance of Dinophysis spp. and environmental factors - water
wemperature, ph, salinity, oxygen content, BOD, concentrations of N-NO3, N-NO2, P-PO4, Si-S103,
wial nitrogen, total phosphorus and DIN/DIP ratio. Maximal density of Dinophysis spp. cells (67 10°
per liter) was recorded in warm, stratified, more saline and nutrient poor waters. Heterogeneous
listributions of Dinophysis spp. along the horizontal and vertical axes were observed. Horizontal
listribution demonstrate an increase of cell density towards the center of the Gulf. In the coastal zone
where the nitrogen load is dominating, Dinophysis spp. is less abundant. Nearshore concentrations of
iel's were marked in the zone of brackish waters (at 20; 30m stations). A significant positive correlation
w5 obtained between abundance of Dinophysis spp. and salinity (P<0.05), and between abundance of
Dinophysis spp. and temperature in early autumn (P<0.05) and total phosphorus (P<0.001); and

flezaive correlations with nitrates (P<0.01) and phosphates (P<0.001). This species is found tn the
‘pper water layer with the maximum above the thermocline. Diurnal vertical migrations occurs. During
e day (14h00-18h00) occurrence of Dinophysis spp was marked in the upper layer (0-5m) with peak
;J]Llﬁ at the surface (at midday 14h00). During the night (02h00) a more homogenous distribution of
Yinophysis cells in the upper water layer (above the thermocline) was observed. In the morning (06h00
- 10h00) the maximum density of cells was found in the thermocline. Results are compared with

matenal from offshore area of the Gulf.

KEYWORDS: Dinophysis, Gulf of Riga, seasonal distribution, vertical migration

D[;“‘OFLAGELLATE GROWTH RATE AND CHARACTERIZATION BY "IN SITU"
REMOTE SENSING

r E3_iirrblni"‘, A. Beran** F. Colao*, R. Fantoni*, C. Micheli***, A. Palucci* and S. Ribezzo*
{“NEA INN-FIS SPET Department, C. P. 65-00044 Frascati, Italy
‘_[‘-d_horatiorio di Biologia Marina. Trieste, Italy
ENEA Environment Department, AMB-PRO,ECO, CER Casaccia. C.P. 2400/00100 Roma, Italy

"";\'-dmllel study on monitoring dinoflagellates using a lasser remote sensing technique has been carried
.T!\n}: (_)rder to acquire the necessary knowledge regarding the autecology of the species. Four clonal
. TES were tested to compare the growth rate of the species: Prorocentrum micans (PMC1K) and
: "’“Wn(mm minimum (PMN2K) 1solated from the Gulf of Trieste and laboratory strains of
;"‘j::]dn“m lusitanicum (AL 1V) and Alexandrium tamarense (ATAKI). The cells were grown in /2
M and concentration measurements were carried out at different growth stages by a remote
~*Ing fluorosensor system in order to establish the potentiality of the technique and the problems that

’ .‘-i.i‘a“Se in situ. The remote sensing fluorescence technique permits the qualitative and quantitative
.. -on of the presence of accessory pigments which characterize the dfferent groups of

| J | . . .
‘ ;;}(_]Pl“ﬂkmn. Simultaneously chlorophyli a and c2 content were determined spectrophotometrically at
|, 2nd 663 nm acetone extraction. To complement the data, Scanning Electron Microscopy (SEM)

- fay analyses were performed.

\EYw ~ : :
4 _r(‘pgfﬁDS: remote sensing, Prorocentrum, Alexandrium tamarense, cultures, accessory pigments,
Ophy
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Long-term changes of phytoplankton
communiities of the Gulf of Riga, Baltic Sea

Maija Balode

From late 70-ies the Gulf of Riga is considered to
be a phosphorus limited system limiting the
development of nitrogen fixing cyanobacteria.
At the end of the 70-ies the biomass of
cyanobacteria in the coastal zone of the Gulf
during summer does not exceed on the average
0,3 - 2,6 % of the total phytoplankton biomass.
In the recent decade an increase of
cyanobacteria standing stock has been stated.
1988-1995 was the period of intensive
development of cyanobacteria during summer,
on the average making 52 % of the total
phytoplankton biomass. From late 80-ties
massive blooms of cyanobacteria
Aphanizomenon flos-aquae, Nodularia spumigena,
Microcystis aeruginosa and Anabaena spiroides are
frequent phenomena in the Gulf. During
cyanobacterial blooms, the development of other
algal taxonomic groups was hindered. A
positive trend in the development of nitrogen
fixing cyanobacteria can be explained by a
decrease in DIN /DIP ratio as one of the most
important factors. High water temperature and
the local increase of total phosphorus
concentrations in the pelagic zone in the late 80-
ies could also be one of the promoting factors.

M. Balode: Institute of Aquatic Ecology, Latvian
University, 3 Miera Street, Salaspils LV-2169,
Latvia.
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international Conference "Marine Cyanobacteria and related organisms", 22 - 28
November 1997, Paris, France.

BALODE M., MAESTRINI Y. S., BECHEMIN CH., PURINA I, 1997. Ecological
aspects of cyanobacterial blooms in the Gulf of Riga, Eastern Baltic Sea.

Cyanobacteria play an important role in the
formation of summer phytoplankton
community structure in the Gulf of Riga.
Here we report interactions  with
environmental factors.

Samples were taken in summer-autumn
1994 and 1995, at 24 near-shore stations.
Cyanobacterial species biomass (wet weight)
and environmental factors were analysed: %
temperature, pH, salinity, oxygen H
concentration, BOD. , concentrations of N- .
NO,, N-NO,, N-NH, P-PO, Si-SiO,, total
nitrogen and total phosphorus.

Maximal concentrations of main species
(Aphanizomenon  flos-aquae, Nodularia
spumigena, Snowella lacustris, Anabaena
spiroides, Microcystis spp.) were recorded in
warm (P<0.001), stratified, low salinity
(P<0.01), nutrient-poor waters. In nearshore
area where inorganic nitrogen load was
dominating, the biomass of cvanobacteria
was lower than in offshore waters. There
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was a significant negative correlation
between abundance of cyanobacteria and
concentrations of inorganic nitrogen: N-NO,

(P<0.001), N-NO, (P<0.001), N-NH;
(P<0.01). A significant negative correlation
was also registered between abundance of

cyanobacteria and  concentrations  of
phosphate (P<0.001) and silicon (P<0.01).

The importance of nitrogenous organic
substances for cyanobacterial growth was
suggested by significant positive correlation
between abundance of cyanobacteria and
concentrations of  organic nitrogen
(P<0.001), as well as by nutrient
enrichment experiments carried out in July-
August 1997 with natural assemblages and
a cultured strain of Microcystis aeruginosa.

In  nitrogen- and  phosphorus-limited
conditions (first and second limiting
nutrients), addition of urea and DOM
extracted from Daugava River sustained a
growth of summer species representing ~50




% and ~100 % more than that of the
control with no addition, respectively. In P.
Fe.EDTA supplemented conditions, natural
assemblages grew well with glutamic acid,
olycine, hypoxanthine, putrescine and urea
as sole source of nitrogen; spermine also
sustained algal growth, but at a lower level.

Although Microcystis aeruginosa benefited
mostly from the presence of ammonium, &
' organic nitrogen compounds (glycine, :.
. hypoxanthine, putrescine, spermine, urea) i%i‘
~ were also significant nitrogen sources.

| Ability of cyanobacteria to grow in nutrient
poor conditions could be explained through
:7'."'!.j"¢" N2 fixation for nitrogen-fixing species, as
" well as with possibility to use dissolved
organic nitrogen.
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Nutrients limiting the Algal Growth Potential (AGP) in the Gulf of
Riga, eastern Baltic Sea, in spring and early summer 1996 *1

Serge Y. MAESTRINI , Maija BALODE ~, Christian BECHEMIN "
Ingrida PURINA ", Céline VERITE

Abstract: In May, June and July 1996, samples were collected along one transect greatly
influenced by river discharge (eastern side of the gulf), along one transect slightly influence
by river discharge (western side), at one station located in the mouth of the main river (tiver
Daugava), at one station located in the center of the Gulf, and at several nearshore locations of
the western side. Ratios of molecular concentrations of in situ dissolved inorganic nitrogen,
phosphorus and silicon, as well as entichment bioassays were used to determine which
nutrient(s) limited the potential biomass of phytoplankton. Both comparison of
(NO3+NO,+NH,):PO, (DIN:DIP) values with Redfield’s ratio and bioassay inspection led to
the same conclusions. Phosphorus was clearly the nutrient most limiting for the potential
biomass of test species in nitrogen-rich waters, which occurred in mid spring, in the upper
layer of the southem-eastern part of the Gulf which is greatly influenced by river discharge. In
late spring, with the decrease of the total DIN reserve, nitrogen and phosphorus showed an
equal limiting role. In deeper layers of this area and out of the river plume (western side and
central part of the gulf), nitrogen was the limiting nutrient. In summer, when river discharge
was the lowest, all DIN concentrations but one ranged between 1.6 and 2.6 uM, and the whole
area was nitrogen-limited for both the cyanobacterial and the algal test strains. In 74 % of the
samples for which nitrogen was the limiting nutrient, phosphorus was recorded to be the
second potentially limiting nutrient. In contrast, silicon never appeared as limiting the growth
potential of either Microcystis aeruginosa or Phaeodactylum tricornutum; phosphorus was
the limiting nutrient when DIN:SiO; values were >1 (in May) but DIN:SiO; was <1 when
nitrogen was limiting (June and July). The authors conclude that the recently reported
decrease of silicon loading in coastal waters and its subsequent enhanced importance in
pushing the outcome of species competition towards harmful species may not yet be critically
important for the Gulf of Riga. Iron appeared for 12 % of the tests in the list of nutrients
limiting the potential biomass. Tentative results also indicated that a significant fraction of the
nitrogen (~4 ug-atom N l'l) taken up by Microcystis aeruginosa may have been in the form of
dissolved organic nitrogen (DON). It is thus also suggested tentatively that more attention be
paid to these nutrients during further research in the Guif of Riga.

2 Received 1997

Centre de Recherche en Ecologie Marine et Aquaculture de L' Houmeau (CNRS-IFREMER), B.P. 5
.. "T137 L' Houmeau, France; E-mail: smaesti@ifremer ir

'nstitute of Aquatic Ecology, University of Latvia, Miera fela 3, LV-2169 Salaspils. Latvia



l. Introduction

[n recent decades, noxious algal events have emerged as a major environmental problem in
the Baltic Sea (Horstmann, 1975; Niemi, 1979; Nehring, 1992), as well as in many other coastal
waters (Nixon, 1990; Dederen, 1992; Hallegraeff, 19995). Increase in nutrient concentration resulting
from river discharges and varied loadings has been suggested as responsible for both macroalgal and
phytoplankton biomass increases (Boikova, 1986; Rosenberg er al, 1990; Andrushaitis er al., 1993,
1995: Pitkinen er al., 1993; Yurkovskis et al, 1993). Bottom-water oxygen deficiencies and
subsequent faunal mortality have been the most commonly observable consequences of excess in algal
blomass in summer (Baden er al, 1990; Richardson, 1990). Changes in phytoplankton population
structure have been also marked (Schulz and Kaiser 1986, Wulft et al., 1986; Cederwall and Elmgren,
1990, Balode, 1996).

Nitrogen has been invoked most as the principal nutrnient limiting algal growth potential in
scawater when light and temperature are adequate and losses do not prevail (Ryther and Dunstan,
1971; Hecky and Kilham, 1988; Howarth, 1988; Granéli et al., 1990). Accordingly, one might expect
that the more nitrogen were present, the more algal biomass would develop (Rudek er al, 1991).
Several authors, however, have reported either co-occurring or successive limiting nutrients (Smayda,
1974; Berland er al., 1978; Levasseur et al., 1990; Fisher er al, 1992). In addition, the growth
potentials of different species in the same assemblage may be limited by different nutrients (Maestrini
and Bonin, 1981).

Human activities have significantly increased the input of algal nitrogenous and phosphorus
nutrients to estuarine and coastal waters. In contrast, the silicon concentration has remained constant
0r has even decreased in river loadings, as a result of its absence in human wastewater and the
secondary effect of eutrophication in freshwater, which leads to larger blooms of diatoms and
subsequent exhaustion of the silicate content before discharge into the sea (Schelscke and Stoermer,
1972, Egge and Aknes. 1992). Hence, altogether, along with increased eutrophication in coastal
‘ater, N:Si and P:Si nutrent ratios have increased (Rahm er af, 1996), and silicon limitation has
|}‘;‘c0me potentially more likely (Officer and Ryther, 1980; Conley et al., 1993; Ragueneau er al,,

94).

Cyanobacteria have been the taxon most frequently cited as giving harmful blooms in the
Baltic Sea in summer (Edler et al, 1985; Kononen, 1992; Balode, 1993; Heiskanen and Kononen,
1994; Leppinen er al., 1995; Tenson, 1995). Moreover, their presence seems to have increased in the
Past decades both in space and time (Kahru et al, 1994). Toxin-producing dinoflagellates, which
dcvelop in waters of low nutrient concentrations, and which can be harmful at low biomass levels,
have also been recently reported in the same area (Willén et al.. 1990; Carpenter er al., 1995; Balode
and Purina, 1996). Thus, the present situation might concur with the above-mentioned assumption that
'1e continuous relative depletion of silicon in freshwater would lead to diatorns being replaced by
non-siliceous forms such as cyanobacteria and green algae (Schelske and Stoermer, 1972).

On this basis, we have endeavored to investigate whether uptake of dissolved organic
“~“Mpounds might favor the growth potential of toxic cyanobacteria and dinoflagellates in the same
“semblage. Here we report an investigation of the nutrients limiting the growth potential in one
-'anobacterium and one diatom, bothgrown in water collected from spring to summer in the Gulf of
122, Data provided by bioassays have also been tentatively used to estimate the fraction of nitrogen
lken up by these strains which might have been provided by dissolved organic matter

2. Materia and methods

Samples were collected following two different strategies: (1) In early May, early June and
\Tm}" ;UIY 1996, seawater was taken at varied depths along two transects (Fig. 1): the first transect
_\[c”e from Saulkrasti. on the south-eastern coast of the gulf, while the §econd one smfted from
I)‘m:{ZL on the south-western coast. In addition, one sample was collected in the mouth o'f the niver
:[.l"”::“’a' and another in the central part of the gulf. Seawater was sampled with Niskin bottles.
J‘!‘”_ *‘C_i' on glass-fiber filters (GF/C. 0.8 pm pore equivalent). and stored deep-frozen until use on {0

#-1) On 19 July 1996. nearshore surface water was collected with a bucket at various stations on

ear|



the southern coast. Samples were filtered on glass-fiber filters (GF/C, 0.8 ym pore equivalent), then
kept overnight at 4°C and used for experiment on 20 July.

Ammonium (Koroleff, 1969) and phosphate (Murphy and Riley, 1962) concentrations were
immedtately measured by using manual protocols. Other nutrients were analysed later on deep-frozen
subsamples by using a Skalar autoanalyzer: nitrate (reduction to nitrite according to protocols of
Strickland and Parsons, 1972), nitrite (Bendschneider and Robinson, 1952), silicate (Mullin and
Riley, 1965), urea (Koroleff, 1976). Total nitrogen and total phosphorus were obtained after
ultraviolet oxidation under successive acid and alkaline conditions (Collos and Mormet, 1993), and
then treated as for soluble reactive nitrogen and phosphorus.

Bioassays for nutrient(s) limiting growth potential. Aliquots (30 ml) of either unfrozen or
subsequently thawed samples were placed in 33-m! polycarbonate tubes, and the respective
enrichment mixtures (Table [) were added in volumes of | ml. Iniaal nutrient concentrations in the
spike-enriched media were assumed to be low enough not to change the ecophysiological adaptation
of the test algae and to be high enough to sustain an algal biomass significantly higher than that
sustained by the unenriched control, thereby making clear which nutrients, if any, were present in siru
at concentrations sufficiently high to sustain growth and which were not (for detailed discussion, see
Maestrini er al, 1984). Two cultured strains were used as test organisms: Microcystis aeruginosa
fstrain: Station Marine d’ Endoume, France, courtesy of Dr B. Berland) was chosen for being a
Jominant summer component of local planktonic communities (Balode and Purina, 1996);
Phaeodactylum tricornutum (strain: Plymouth Marine Biological Laboratory, England, courtesy of
Dr. M. Parke) was chosen for its capability to take up nutrients at extremely low concentrations
(Bonin et al., 1986). Test cells were inoculated in maximum volumes of 250 ul, in numbers to give an
imitial cell density of 136x10° cells.l”’ (experiment of 10 July) or 557x10° cells.I™! (experiment of 20
July) of Microcystis aeruginosa, and 6.9x10° cells.l”! (experiment of 10 July) or 9.2x10° cells.I’!
(experiment of 20 July) of Phaeodactylum tricornutum; these cells had been previously nutrient-
depleted by culture for 2-3 days in nutrient-poor water. Incubation of the test cultures was carried out
by placing the tubes before a north-facing window; light period was roughly 14 hours’ light and 10
hiours™ dark, at circa 100 pmole.m'z.s'l; temperature varied between 18°C and 22°C within a circadian
peniod. /n vivo fluorescence was monitored daily, during 6-10 days, with a R10 Tumer Fluorometer
(Brand er al., 1981), up to the respective maximum growth. Respective fluorescence values were then
used to produce bar diagrams, with the value obtained after all-nutrient enrichment defined as 100 %.

Data sets were first inspected by comparing the different enriched-culture fluorescence values
o those of the unenriched and all-nutrient enriched controls. For each set (one water sample - one test
‘pecies), it resulted in a number and a rank for each limiting nutrient. Then, in order to quantity the
miting role of each nutrient, the ratio of fluorescence in the "All minus one nutrent” enriched
dliquots to the fluorescence in the unenriched control (abridged "All-X/control") was also calculated.
In other words, for each particular nutrient missing in the spike and therefore present in the culture
medium at its in situ concentration, this ratio is the increase in the coefficient of the natural AGP
“‘Uilfi'med by that nutrient. Hence, the lower the coefficient, the greater limiting effect, and vice versa.
All included, 35 bioassay sets were done with 28 water samples and two test strains. All test cultures
but four grew well, thus indicating no adverse chemical condition.

Bioassays for indirect estimation of the uptake of dissolved organic nitrogen. Aliquots (30
M) of unfrozen or thawed samples were distnbuted in 33-ml polycarbonate tubes. For Microcystis
{eruginosa. five aliquots were left unenriched. and five others were enriched with the “All - N
lm.\;mre. With Phaeodacrylum tricornutum only, five unenriched aliquots were grown. Growth and
Maximal biomass were estimated as for the differentially enriched bioassays. Mean values and
;"mdard deviations were calculated for each set of five biomass values; samples which differed by
r,;?{_egaﬂ 50 % of the standard deviation were discarded: others were pooled and used for analysis of
s 1 (NOs, NO,, NH,). Nitrogen uptake was calculated as being the difference between concentration
~ 'Me zero and the respective concentration at the time of maximum biomass. The biomass was
“lmated after filtration on glassfiber filters (nominally 0.45 um). by analysis of the content of

i{“f"’l&in (_Petty et al., 1982). for M. aeruginosa. or chlorophyll a (Jespersen and Christoffersen, 1987)
TP tricomutum.



3. Results

An important decrease in the nutrient concentration occurred between spring and summer. [n
carly May, waters were nitrogen-rich; most values of total dissolved inorganic nitrogen concentration
(DIN = NOj + NO, + NH,) ranged between 4.7 pM and 43 .4 pM (table 2), and the mean value was
199 uM (s = 14.5, N = 10). There was also an exceptional value of 108.3 uM recorded with water
(station 7906) sampled in the plume of River Daugava. Although the absolute values were rather high
(concentrations ranged between 0.22 and 1.20 pM; mean value was 0.62 pM; s = 0.34: N= 11), the
phosphorus content was relatively not as high; most values of the ratio DIN:PO4 (DIN:DIP) were
greater than 16. The silicon content was also low relative to that of inorganic nitrogen. Only two
values of the DIN:SiOj5 ratio were lower than 1; the others ranged between 1.6 and 15.

In early June, the nutrient content had already decreased significantly. Values of DIN
concentration for the upper waters ranged between 0.9 and 6.8 uM (x = 2.8; s =2.7; N = 4), and those
for phosphorus ranged between 0.03 and 0.40 pM (x = 0.13; s = 0.18). A sharp decrease in silicon
concentration (x = 1.7 uM; s = 0.4) was also observed. Near the bottomn (30-m depth) the ammonium
and nitrate concentrations were much higher than in near-surface waters: 1.9 and 11.4 uM,
respectively. Most values of DIN:DIP were still greater than 16, however. The silicon concentration
wis also high (19.5 uM).

In summer, (early July), all the coastal stations along the Saulkrasti transect, and all
nearshore stations visited on 19 July (except one) were nitrogen-poor: the mean concentration of DIN
wis 2.2 pM (s = 0.3; N = 11). The Lielupe station (near the mouth of the rver Lielupe and also close
 the mouth of Daugava River), however, showed high DIN, 10.4 uM (Table 2). In contrast,
concentrations of phosphorus and silicon had not decreased as much: mean values recorded were 0.26
UM (s = 0.10) and 4.2 pM (s = 1.7), respectively; at the Lielupe station, recorded values were 1.14
M PO, and 8.4 pM SiO;. Accordingly, all values of the DIN:PO, ratio were <16 and those of the
DIN:SiO; ratio were <1, again except at Lielupe.

For reasons not apparent, water from two samples did not support growth and water from a
further two supported only weak growth. Water from all the other samples, however, supported good
growth. In growth trials started on 10 July, there was a two-day lag phase which prompted us to
increase the initial cell density for trials started on 20 July. Overall, growth rate of Phaeodacrylum
tricomutum, as reflected by the increase of in vivo fluorescence, was higher than that of Microcystis
aeruginosa.

_ Except for a single sample in which nutrient concentrations were extremely high (i.e. 108 pM
NO3, 1 May at station 7906), nutrient-spiked test cultures showed a significant increase in the final
biomass compared with unspiked cultures (Fig. 2 and 3). With surface samples collected on 19 July,
the maximum biomass in the unspiked controls averaged no more than 6.6 % for M. aeruginosa and
6.7 % for P. tricomutum, of the spiked culture giving the best growth. With waters taken during
fransects in early May, June and July, the unenriched aliquots sustained a biomass in M. aeruginosa
averaging 20.4 % of that in the best enrichments (table 3). Growth was only slightly enhanced,
however, when nmtrogen orphosphorus were absent in the enrichments (Fig. 4). Omission of
Phosphorus alone (All - N) usually gave a smaller biomass than did omission of nitrogen alone (All -
P*-_ however. The absence of chelated iron had similar consequences in only four cases. Omission of
dlicon and vitamins from the enniching muxtres did not decrease the yield of either the
-Yanobacterium and the diatom. On the other hand, the addition of Co, Mn and Mo clearly did not
Promote growth, and even slightly inhibited growth in both test species (Fig.4).

i Inspection of the bioassay sets showed that in all cases but a few, the AGP was limited by at
“BLtwo nutnents; in only 4 samples was aitrogen the single limiting nutrient. although there was
‘fl“‘ 0ne sample for which no nutrient was limiting (table 4). Over the 31 sets of bioassays which led
e Ck‘ar results, three simultaneous limiting factors were found in only 6 samples. For both test
“PECIES, nitrogen was found to be the primary limiting nutrient in 68 % samples, but phosphorus in

'F”IV_ I3 %. co-limitation by N and P in 19 % (all for Microcystis aeruginosa), and one case for which
) “EDTA was equally as limiting as N and P. When nitrogen or phosphorus was not the first limiting
“-‘l%lrlcm. it was the second, except for one case of co-limitation at the second rank by nitrogen and
:;:"'“- Equal third as the most limitung nutrient were iron and the vitarnins, each in two samples over
e sers of bioassays. Silicon never appeared to limit the growth potential of the test species.



The nature of nutrients limiting the growth potential of test species changed from spring to
summer. In early May, over nine samples (Table 4), phosphorus was the first limiting nutrient for
Microcystis aeruginosa growth in three samples and was co-limiting with nttrogen in a further four. In
one sample, phosphorus was also first limiting for Phueodactylum tricornutum. In contrast, nitrogen
was the first limiting nutrient in all samples collected on 19 July, for both Microcystis aeruginosa and
Phaeodactylum tricornutum.

Mean values of the coefficient reflecting the limiting effect of each nutrient ranged between
0.2 and 2.2 for nitrogen (table 5), between 2.2 and 6.3 for phosphorus, between 7.7 and 34.8 for
silicon, between 7.1 and 25.6 for iron and Fe+EDTA, and between 3.3 and 32.4 for the vitamin pool.
Addition of trace metals decreased the growth potential, however, values of the index varying
between 3.8 and 32.8, while those related to the mixture containing all nutrients but metals ranged
between 8.1 and 35.0.

Biomass formed in control cultures was low, especially in July water (table 3). Accordingly,
plots of biomass formation versus DIN uptake were scattered. In contrast, sample aliquots which were
nutrient-enriched with all nutnients but nitrogen led to more homogeneous plots. All nutrients out of
nitrogen being present in excess in these samples, the mean biomass formation was higher than that in
the control (table 5). The overall plot of data obtained with Microcystis aeruginosa grown in transect
sumples cuts the X axis at roughly 4 (Fig. 5), thus suggesting that an average amount of ~4 pg atom
nitrogen per liter was taken up by the cells under a chemical form other than NOsz. NO, and NH,
(DIN). Since in most samples the available volume of water was insufficient, similar plots for
Phaeodacrylum rricornutum are unavailable.

4. Discussion

Redfield (1934) observed that N-NO; and P-PO, are taken up by phytoplankton at a constant
dlomuc ratio of 16:1, and Fleming (1940) pointed out that this value is also that of the elemental
composition of phytoplankton. It has since been agreed that ratios lower than 16:1 in the natural
futrient reservoir indicates nitrogen limitation, while a value higher than 16 reflects limitation by
phosphorus. This concept must be used with care, because it applies to algal growth as crop, not as
growth rate. On the other hand, differential enrichments (bioassays) apply to the potential maximum
blomass, not to the actual biomass which can be first limited by the rate of losses. Nevertheless,
‘determining the nutrient(s) limiting the potential biomass greatly helps to focus on the proper
nutrient(s) and mechanisms leading to the situation of interest.

According to the respective nutrient contents of the water samples collected, it might be
tXpected that at the time of the spring bloom (early May) the first limiting nutrient would be
Phosphorus in upper waters of the eastern eutrophicated part of the gulf, and nitrogen near the bottom.
DIN:DIP values were indeed greatly >16 for samples taken at the surface and at a depth of 5 m depth,
and <16 for the water collected at 30 m (Saulkrasti transect). Results given by the bioassays indicated
=tactly the same order of importance for the two main limiting nutrients (table 4). At the same time,
On the western side of the gulf, free from niver discharge (Melluzi transect), the situation was
different. Here nitrogen was the overall limiting nutrient, while phosphorus was limiting in only one
“dmple for which DIN:DIP = 75; Redfield’ s ratio and the bioassays furthermore led to exactly the
*Ame conclusions for all waters collected near the shore in July: DIN:DIP values ranged between 5.4
Nd16.2 (x=93;5 = 3.4, N = 12), thus indicating that nitrogen was the first limiting nutrient. which
Was confirmed by bioassay.

~Overall, it is clear that phosphorus was the most limiting nutrient for cyanobacterial growth
F_’_Olennal in the nitrogen-rich waters. These conditions prevailed in spring, in the upper layer of the
:;:mhe!‘n-eastern part of the Gulf. which is greatly influenced by river discharge. In late spring. with
) 3 decrease of the total DIN reserve, from >17 pM to <13 uM (table 2), nitrogen and phosphorus
”;” Played a similar role. In deeper layers of this area and out of the river plume. nitrogen was the
‘m)"“"g nulnenf. It 1s likely that these differences are related to the circulation regime; although there
¢ both cyclonic and anticyclonic currents and rumovers, the general trend of the circulation 1s that
‘ML\C water of high salinity from the Baltic Proper enters into the gulf through the Strait of Irbe and
% south-eastwards along the western coast (Fig. 1), while water of low-salinity having received
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fresh water from the River Daugava is flowing northwards along the eastern coast (Berzinsh, 1995).
Iin summer, when the river discharge is the lowest, all DIN concentrations but one ranged between 1.6
and 2.6 uM, and the whole area was nitrogen-limited for both the cyanobacterium and the diatom test
strains.

Yurkovskis er al. (1993), who sampled along the 20-m isobath and at grcater depths from
February to October 1989, reported mean monthly DIN:DIP values from 19 to 56. On this basis, they
inferred that the phytoplankton of the whole gulf was phosphorus-limited. In contrast, at one station
located in the Baltic Proper, mean DIN:DIP values for the same period ranged between 2.9 and 7.1,
leading to the conclusion that nitrogen was the limiting nutrient. From these results as well as from
those showing that the open-sea waters on the Baltic are presently nitrogen-limited (Granéhi et al.,
1990; Kivi et al., 1993), Péder and Jaanus (1995) hypothesized that the shift from DIN:DIP values
>16 to those <16 should be observed in the Irbe Strait area which separates the Gulf of Riga and the
Baltic Proper. Samples they collected in sumnmer 1993-94, along transects from the strait towards the
gulf and the open sea, showed that most DIN:DIP values were <3; only for August waters, a few
ranged between 5 and 10. Accordingly, the authors concluded there was no shift from phosphorus to
nitrogen limitation from the gulf to the open sea, and concluded that nitrogen was the limiting nutrient
in both the Baltic Proper and the Gulf of Riga. Further records on nutrient concentrations and
comparison with previous long-term data led Yurkovskis et al. (1996) to show that drastic changes
have occurred in the Gulf of Riga in the 90°. Since late 80s - early 90s, nitrate concentration has
continuously decreased: from ~18 uM in1991 to ~10 uM in1993, in the upper (0-10 m) layer, in
February, and from ~3.5 uM in 1989 to ~0.5 uM in 1994, in the same layer, in August, while in
deeper (20-50 m) waters in August, they have decreased from ~22 pM in [99] to ~5 pM in 1994.
During the same period, concentrations of phosphorus have risen, leading to a situation of nitrogen
limitation. Hence, all results agree. Most of the Gulf of Riga is now clearly nitrogen-limited in late
spring and summer. In contrast, for small and shallow areas, whether nitrogen or phosphorus is
limiting is an open question, because rver discharges significantly influence salinity and nutrient
concentrations, particularly in surface waters.

Important changes in nutrient reserves, nutrient ratios and the species composition of natural
phytoplankton assemblages occur along salinity gradients from river mouths to the open sea.
Sakshaug and Myklestad (1973) and Sakshaug et al. (1983) found a permanent phosphorus limitation
of phytoplankton biomass in the inner section of the Trondheim Fjord, but a clear nitrogen limitation
In high-salinity waters; with DIN:DIP values falling from 50 to 10-12. In ponds and coastal waters of
Massachusetts, bioassays showed that in low-salinity ponds (0-6.5 psu) phytoplankton biomass was
phosphorus limited, while nitrogen addition stimulated phytoplankton growth only in the most saline
*onds (31 psu) and the open sea; in ponds of intermediate salinity, phytoplankton biomass was limited
both by nitrogen and phosphorus (Caraco et al., 1987; Caraco, 1988).

Similar features have been reported for the Baltic Sea. Lignell et al. (1992) observed that
Phytoplankton carbon uptake rate and biomass were P-limited in a fjord-like inlet with low salinity on
lhﬁ south-west coast of Finland, whereas in the open sea both nitrogen and phosphorus were limiting.
Pitkdnen and Tamminen (1995) have shown that, in summer, from the river Neva to the open part of
the Gulf of Finland, there was an associated gradient for salinity, nutrient concentrations and
DTNZDIP. Both DIN:DIP values and bioassays indicated that phosphorus was limiting the potential
biomass of phytoplankton in the river; then, phosphorus was first limiting and nitcogen was the
s¢cond limiting nutrient in the estuary. and nitrogen was first limiting and phosphorus was the second
|In?lfting nutrient in the transition zone, whilst nitrogen was the single limiting nutrient in the open
sulf.

Although technical limitations did not allow us to take more than two samples on the transect
from the river Daugava to the open sea, our results as a whole agree with the scheme of gradual
F{“‘“ges from river water to the open sea. Accordingly, the shift between DIN:DIP values >16
lreshwater-influenced waters) and those <16 (typical marine waters) that Pdder and Jaanus (1995)
¢ndeavored to observe in the Strait of Irbe should be searched inside the Gulf of Riga, at the limirt of
the river plume. Controlled by the river discharge regime. the transition area would not have a fixed
‘T€a and limits. however. and important seasonal variations are likely, as already observed for other
“€as. In the Patuxent River estuary (Chesapeake Bay). D’Elia er al. (1986) reported great seasonal
"‘m?b”ily in river flow, nutrient regimes, and the response of natural phytoplankton assemblages to
fulrient addition. During the high-flow season, in late winter, DIN:DIP typically exceeded 90. and



addition of phosphorus stimulated growth. In late summer, DIN:DIP in nutrient standing stocks was
characteristically <5; so when nitrogen was added the growth response was very rapid, reflecting
nitrogen limitation. In the southern Baltic, Granéli ¢t al. (1988) have compared different coastal
waters sampled outside Wamemiinde, Rostock, Sopot and Falsterbo. Although the nutrient levels of
their samples were different, there were no significant differences between the different locations for
nutrients limiting the potential biomass. During winter, before the spring phytoplankton bloom had
started, phosphorus was the most limiting nutrient for phytoplankton biomass formation; after the
bloom, nitrogen appeared to be the most limiting nutrient.

Whether in nutrient-poor or in nutrient-rich waters, important variations in the nature of the
limiting nutrient have been also observed with species. In oligotrophic coastal Mediterranean water,
Berland er al. (1978) reported that the diatom Skeleronema costatum was phosphorus-limited,
especially from February to June, whereas Cylindrotheca closterium was limited according to a
complex succession involving nitrogen, phosphorus, silicon, and vitamins. In the Trondheim Fjord,
Sikshaug (1987; fide Granéli et al., 1988) showed that phosphorus was the limiting nutrient for
Skeleronema costatum when DIN:DIP = 12, and for most the other species only when DIN:DIP = 18-
25.

In the Helsinki archipelago, Rinne and Tarkiainen (1978) reported a nitrogen limitation for
potential phytoplankton biomass, except for the nitrogen-fixing cyanobacterium Nodularia spumigena
which showed phosphorus limitation. Similar findings were reported by Tamminen er al. (1985) who
ran in situ mesocosm experirnents at the entrance to the Gulf of Finland, in an area not directly
influenced by large sewage discharge; addition of ammonium significantly increased the total
phytoplankton biomass, while phosphate addition stimulated the growth of nitrogen-fixing
Cyanobacteria. Other authors have also reported that addition of phosphorus stimulated the growth of
Nodularia spumigena (Huber, 1986; Lukatelich and McComb, 1986), thus supporting Horstmann' s
(1975) contention that blooms of this species are a consequence of phosphorus loading. Furthermore,
Kononen er al. (1996) have inferred that V. spumigena blooms in a frontal region at the entrance of
the Gulf of Finland beunefited from the low DIN:DIP value which prevailed in surface water at the
onset of the bloom. Blooms of Aphanizomenon flos-aquae and N. spumigena in the Gulf of Gdansk
have been also related to low values of DIN:DIP (Plinski and Jozwiak, 1996).

Since the 90°, blooms of the nitrogen-fixing species Aphanizomenon flos-aquae and
Nodularia spumigena have also occurred in the Gulf of Riga, in summer (Balode and Purina, 1996).
Their appearance was related to the decrease of the DIN:DIP ratio (Yurkovskis et al.,1996). This is in
agreement with the overall nitrogen limitation we observed; species such as diatoms or non-nitrogen-
f_‘Xing cyanobacterium such as Microcystis aeruginosa that we used as test species were nitrogen-
limited. In contrast, N. spumigena were not nitrogen-limited, and therefore may take the upper hand in
the assemblage, although diatoms appear not to be silicon-limited.

_ Silicon never appeared to be limiting for either of the two strains we used for bioassays. This
might be a consequence of the absence of silicon requirement for M. aeruginosa and the very low
needs of Phaeodactylum tricornutum (Bonin er al., 1986). On the other hand, DIN:SiO; was <1 in
June and July, and phosphorus was the limiting nutrient when DIN:SiOy values were >1 (table 2);
hence silicon could never be more limiting than nitrogen or phosphorus. Yurkovskis er al. (1993)
rDQHd nosilicate limitation in the Gulf of Riga in the 80°, but recent data have shown silicon acting as
a “miting nutrient during the spring bloom (Yurkovskis, personal communication). Nevertheless. it is
likely that altogether the recently reported decrease of silicon loading in coastal waters and its
subsequent enhanced importance in pushing the outcome of species competition towards summer

Ef_\nnful species (Smayda, 1990, Sommer, 1996) may not yet be critically important for the Gulf of
Iga. ™

_ In four cases, iron appeared to be in the list of nutrients limiting potential biomass (table 2).
Thx-s appears to be the first report indicating finding iron to limit Baltic phytoplankton. Although role
Yhiron has been stressed mostly for low-chlorophyll - high-nutrient regions (Jennings er al., 1984
Martin and Fitzwater, 1988, Zettler er al., 1996). it has also been found to be limiting on occasion in
;)‘Mﬁlal waters: namely. in the Gulf of Maine (Gran. 1933; Glover, 1978: Wells, [991). the coast of

®gon (Glooschenko and Curl, 1971). and the north-west Australian coast (Tranter and Newel,
1%3)- Moreover, iron is required for N, fixation by diazotrophic cyanobacteria (Rueter er al., 1998:
Pacrl et af. 1994), whereas it has been reported that at least 40-90 % of the iron transported by



freshwater, aggregated and sedimented when salinity reaches 4-5 psu in the estuary of the Ore River,
western Baltic (Forsgren er al., 1996). More research on the role of iron as a nutrient in the Gulf of
Riga may thus be desirable .

Our results suggest that a significant fraction of the nitrogen taken up by the two test species
may have been as dissolved organic nitrogen (DON). [t 1s estimated that an average of ~4 ug-atom N
I"" was taken up by Microcystis aeruginosa. This amount is close to the mean concentration of urea
we recorded (x = 3.3; s = 1.5; N =26; range 1.3 to 7.0 pM). Similar estimations have been made in
oyster ponds of the French Atlantic coast (Maestrini and Robert, 1981), where diatom test species
were found to take up 0.6 to 30.7 pg-atom I'! of DON, and which, results suggested, had the capacity
to take up six times more DON than DIN. These findings agree with current knowledge on nutritional
capabilities of phytoplankton.

Several algae have been reported to grow In culture with organic compounds as the sole
source of nitrogen and phosphorus (Temetz, 1912; Droop, 1961; Kuentzler and Perras, 1965; Flynn
and Butler, 1986; Berman et al., 1991). Field research also shown that half-saturation values (K) for
area falls within natural urea concentrations (McCarthy, 1972); accordingly, urea has been considered
as an important potential nitrogen source for phytoplankton in various coastal waters (Kristiansen,
1983; Ignatiades, 1986; Kokkinakis and Wheeler, 1988; Price and Harrison, 1988; Fernandez et al.,
1996). In mesocosm experiment carried out in situ, in water of the western coast of the Baltic Sea,
Sorensson er al. (1989) reported an uptake rate for urea up to five times faster than that for nitrate.
Tamminen and Irmisch (1996) showed that urea uptake dominated that of total nitrogen in an
incubation experiment with size-fractionated assemblages collected in summer at the entrance of the
Gulf of Finland; urea appeared to be a particularly important nitrogen source during the regenerated
phase of plankton succession. Also, dissolved free amino-acids have been reported to sustain a
significant part of algal growth in the Chesapeake Bay (Glibert et al., 1991). Moreover, Palenik et al.
(1988-89) have shown that some phytoplankters are able to use various forms of DON without initial
transport into the cell, by using cell-surface enzymes to degrade these forms of nitrogen to NH4. and
Tranvik er al,, (1993) observed the ingestion of proteins such as ferritin, casein and albumin by
heterotrophic flagellates.

Suggestion has also been made that organic compounds from land-drainage origin, such as
humic acids, have favored harmful dinoflagellate growth versus that of harmless species (Carlsson
and Granéli, 1993; Carlsson et al., 1995; Lara er al., 1993; Moran and Hodson, 1994). Some results
are conflicting, however. For instance, during a drogue experiment in the Baltic proper, Sérensson
and Sahlsten (1987) recorded no uptake of DOM whose molar C:N was >20, which they inferred was
refractive. These results led them to believe the nitrogen fixers, mostly N. spumigena, relied mainly
on N, for their nitrogen demand.

The cyanobacterium we used as test species, Microcystis aeruginosa, is not a N-fixing
species. Accordingly, whether or not DOM is a significant factor in triggering the onset of toxic
blooms in the Gulf of Riga is still an open question and should be a focus for further research.
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Table 1. List and composition of spike enrichments used to bioassay the nutrient(s) limiting the
crowth potential of Microcystis aeruginosa and Phaeodactylum tricornutum; initial nutrient
concentrations in the test cultures (equivalent to the enrichments alone)' are indicated within

parestheses.
I Nothing 12 All-N
2 Nothing 13 All-P
3 Nothing 14 All-P
4 Nothing 15 All -1
5 Nothing 16 All - St
6 All 17 All - (Fe-EDTA)
7 All 18 All - (Fe-EDTA)
8 All-N 19 All - vitamin muix (Vit)
9 All -N 20 All - vitamin mix
10 All-N 21 All + metal mix (M)
11 All-N 22 All + metal mix

All=N (50 uM) + P (3.4 uM) + Si (60 uM) + Fe (200nM) + EDTA (1.2 uM) + Vit

Metal mix = Co (5 nM) + Ma (100 nM) + Mo (100 oM)

Vitamin mix = biotin (410 pM) + cyanocobalamin (135 pM) + thiamin (150 nM)




Table 2. Nutrient concentrations (uM) in samples collected at different depths along transects on 1-5
AMay. 4 June and 3-4 July, as well as samples collected on 19 July at different nearshore stations. SA:
transect from Saulkrasti, ME: transect from Melluzi.

Z NO; NO, NH;, Urea DIN PO, Si0; DIN:
Station (m) S% (uM) M) M) (M) (M) (M) DIN:P (uM) Si
Sampling of 1-5 May
SA-03 0 363 3538 07 05 3.6 369 022 1678 10.1 3.7
$A-10 0 416 264 07 03 28 274 026 1054 96 29
SA-30 S 370 375 06 1.0 43 391 034 1151 126 3.2
SA-30 30 593 141 02 27 56  17.0 LIl 153 274 0.6
\IE-10 0 538 87 02 06 1.3 95 045 217 22 43
\E-30 0 388 434 05 06 1.6 443 059 750 5.1 8.7
\E-30 10 517 47 07 06 1.9 6.0 0.73 81 04 15.0
\ME-30 20 558 106 06 1.1 1.6 122 082 149 76 1.6
\IE-30 30 600 125 04 1.7 33 147 120 123 2009 0.7
7906 5 197 1083 09 2.1 - 1113 075 1484 45 247
7910 0 542 &5 0.7 02 1.7 6.4 033 19.5 3.0 2.1
Sampling of 4 June
SA-10 0 40! 5.6 0.5 0.7 0 6.8 005 1354 153 5.2
SA-30 0 450 1.4 02 04 3.8 20 040 490 22 0.9
5A-30 5 4.09s 0.4 0.1 04 2.8 0.9 0.03 05 1.8 05
SA-30 10 5.00 1.1 0.1 04 1.9 i.6 003 10 16 1.0
$A-30 30 594 114 02 19 70 134 018 1034 195 0.7
Sampling of 3-4 July
SA-05 0 1.0 04 1.0 4.5 24 023 104 33 0.7
MA-10 0 09 03 08 14 20 017  1t6 232 0.6
MA-20 0 0.7 03 1.0 4.2 19 015 128 3.1 06
SA-30 25 0.6 03 16 24 25 020 124 31 0.8
SA-30 5 05 02 17 20 24 015 162 26 1.0
SA-30 10 0.5 0.1 1.0 33 1.6 025 6.2 20 0.8
_ Sampling of 19 July
Dubulii 0 414 07 07 04 56 23 038 6.1 63 0.4
Jaunkemner; 0 457 03 06 04 1.7 16 0.23 7.0 34 05
Lapmezciems 0 228 07 06 0.5 29 23 042 54 68 0.3
ielupe 0 336 81 17 03 55 104 114 91 84 1.2
:1:11@ 0 397 09 08 0.5 1 26 039 6.5 6.6 0.4
Ragciems 0 490 0.3 0.6 0.6 2.1 21 028 7.5 sS4 04



Table 3. Mean relative growth in unenriched seawater expressed as a percentage of that in the
best nutrient enrichment, of Microcystis aeruginosa and Phaeodactylum tricornutum cultured 1n
water sampled from early May to early July 1996 along Saulkrasti and Melluzi transects, and/or
water collected nearshore on 19 July at different locations.

Transect May-July Sampling of 19 July
M. aeruginosa M. aeruginosa P. tricornutum
Mean 204 6.6 6.7
Standard deviation 16.8 2.8 4.8

N 20 6 6
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Table 4. Nutrients limiting the potential biomass of the cyanobacterium Microcystis aeruginosa and
the diatom Phaeodactylum tricornutum in seawater sampled in the Gulf of Riga, from early May to 19
July 1996, with indication of respective DIN:PO,. Growth : as increase of biomass in best promoting
mixtures versus: +++ : 15-20 fold increase or more; ++: 10-15 fold; + : 5-10 fold.

Limiting nutrient

Station Depth Growth DIN : POy
(m) IS( 2nd 31'(1
1 May - Phaeodacrylum tricornutum
7910 0 +4++ P N 19.5
1 May - Microcystis aeruginosa
7906 0 ++ Inconclusive 148.4
7910 0 0 Inconclusive 19.5
Transect Melluzi, 1-5 May - Microcysiis aeruginosa
10 0 ++ N p 21.7
30 0 - P (N, Fe-EDTA) 75.0
30 10 +++ N p 8.0
30 20 +—+ None 14.9
30 30 - N 12.3
Transect Saulkrasti, 3-4 May - Microcystis aeruginosa
03 0 —t (N, Fe-EDTA, P) 167.8
10 0 ++ p N 105.4
30 5 et P N 115.1
30 30 — N 15.3
Transect Saulkrasti, 4 June - Microcystis aeruginosa
10 0 ++ N P 135.4
30 0 Y N 49.0
30 5 ++ N, P) 0.5
30 10 + (N, P) Fe-EDTA 1.0
30 20 ++ (N, P) 103.4
i Transect Saulkrasti, 3-4 July - Microcystis aeruginosa
05 0 ++ (N, P)
10 0 ++ N P
20 0 ++ N P
30 2.5 ++ N P
30 5 + Inconclusive
30 10 +r N P
Nearshore stations, 19 July - Microcystis aeruginosa
Dubulti 0 H+ N P 6.1
launkemeri 0 + N p Vit 7.0
Lapmezciems 0 ++ N p Vit 5.4
Lielupe 0 ++ N 9.1
Melluzi 0 et N P 6.5
Ragciems 0 0 Inconclusive 75
Nearshore stations, 19 July - Phaeodactylum tricornurum
Dubulti 0 . N 6.1
lwnkemeri 0 - N P Fe-EDTA 7.0
Pmezciems 0 +++ N P 5.4
Lielupe 0 H+ N P 9.1
Melluzi 0 . N P 6.5
Rageiems 0 . N P 7.5




Mable 5. Mean growth (relative to that in unennched water) when enriched with the following
substances:  All; All+metals; All except the component marked, in Microcystis aeruginosa and
Phaeodactylum tricornutum. In water sampled from early May to early July 1996 along Saulkrasti and
Melluzi transects, and water collected nearshore on 19 July at different locations. Parentheses indicate
standard deviation,

Transects of Nearshore samples of 19 July

May - early July

Presence of Absence of M. aeruginosa M. aeruginosa P. tricornutum
(N=21) (N=6) N=7)

All 8.1(2.5) 12.4 (16.7) 35.0 (30.1)

All = metals 72221 5.8 (02.5) 52.8(29.0)
N 2.2(0.8) 0.2 (00.5) 1.5 (00.7)
P 3.2(1.3) 2.2(03.5) 6.3 (04.8)
Si 7.7(2.3) 9.5 (10.9) 34.8 (29.9)
Fe-EDTA 7.12.1) 8.2 (07.5) 25.6 (25.8)
Vitamins 8.0 (1.6) 3.3 (02.4) 324 (28.2)
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Figure 2. In vivo fluorescence (arbitrary units) versus time, in differentially-
enriched aliquot cultures of Microcysiis aeruginosa (to allow the sofiware to
draw the figure, few missing data have been replaced by the mean of preceding
and following values). Example of sample collected in early May 1996, at
surface, at station 30 meters of the Melluzi transect.
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Flg_ure 3. !_n viva fluorescence (arbitrary units) versus time. in differentially-
enriched aliquot cultures of Phaeodactylum tricornunum (to allow the software
to draw the figure. few missing data have heen replaced by the mean of

prec_eding and following values). Example of sample collected on 19 July 1996
at Lielupe station. ‘
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Figure 4. Relative maximum algal biomass (%) versus spike enrichment; typical
sets of data used for empirical analysis of nutrient limitation of AGP.
Phaeodacrylum tricormwim  (top, left); N only is limiting: Microcystis
aeruginosa: (top. right): N and Fe-EDTA are equally limiting. P is the third
limuing nutrient: (bottomn. left): inconclusive data; (bottom. right): N is first
limiting, P is the second limiting nutrient.
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Figure 5. Biomass (protein N) formed versus dissolved inorganic nitrogen taken
up by the cyanobacterium Microcystis aeruginosa grown in waters collected tn
the Gull of Riga, from early May to mid July, and nutrient-enriched with all
nutrients but nitrogen.
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Abstract

Dynamics and interactions of nutrients, phytoplankton and the physical environment were
examined in the Guif of Riga during 1993-95. Five cruises covering the entire Gulf were carried
out at four seasonal stages of the annual phytoplankton succession. Water column sampling
was coupled with laser remote sensing of phytoplankion pigments and nutrient enrichment
experiments.

In all seasons, small-scale horizontal structure of phytoplankton, showing modulation with the
scale 3.5-5 km, was probably caused by variability of hydrophysical conditions. Basin-wide
variability in phytoplankton abundance was well explained by the nutrient distribution. In the
end of April 1995, inorganic nutrient concentrations were still high and the abundance of a
diatom bloom followed closely the patterns of nutrient-rich less saline water. Phytoplankton
biomass did not respond to experimental additions of nutrients and nutrient depletion rates
were low. Inorganic N/P ratios suggested potential N limitation in the spring bloom period with
the exceptions of southernmost Gulif and Irbe Strait areas. Mid-June in 1994 was characterised
by homogenous distribution of algal biomass, and inorganic N and P were practically depleted
from the surface layer. Nutrient enrichment experiments and N/P ratios indicated N limitation,
except for the SE end of the Gulf. In mid-July 1994, after warming up of the surface layer and
formation of secondary thermocline at 3-5 m, an intense bloom of cyanobacteria
(Aphanizomenon flos-aquae) took place. The abundance of A. flos-aquae was related to the
common structure of N, P and salinity, as revealed by multivariate analysis, and the bloom was
most dense in the southermn Gulf. The surface layer showed very low inorganic nutrient
concentrations. N/P ratios and nutrient enrichment experiments revealed N fimitation over the
whole Gulf. In early autumn (1993), the surface layer was effectively mixed down to 30 m,
where a very sharp and strong thermocline separated the mixed and bottom layers. Plankton
community was characterised by high heterotrophic activities and phytoplankton community
dominated by cryptomonads. In the deep mixed layer, especially ammonium concentrations
were highly elevated, causing high inorganic N/P ratios indicating potential P limitation, except
for the southernmost end directly influenced by River Daugava and the Irbe strait area. The
experiments indicated P or co-limitation at the central Gulf and N limitation in the area between
northern Guif and outer Irbe Strait.

Our results suggest that phytoplankton in the Gulf of Riga, earlier considered strictly as P-
limited, is at least until late summer period N- or co-limited. it seems also obvious that there
exists a spatial tendency in the phytoplankton limitation patterns, generally from more P- or co-
limited southern Gulf towards more N-limited northemn basin. During the late summer period
when mineralization processes in the water column cumulatively liberate especially
ammonium, thin mixed layer seems to favour N limitation and deep mixing to favour P
limitation, the conditions thus resembling those previously observed in the estuarine eastern
Gulf of Finland. It is obvious that episodic mixing events can cause considerable interannual
and within-season variability in the production preconditions and nutrient limitation of the late
summer planktonic community.
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Abstract

Distribution patterns of chlorophyll a, phytoplankton species and biomass were
studied in the Gulf of Riga, one of the most eutrophicated areas of the Baltic Sea.
Measurements were carried out during four seasonal stages (spring bloom 1995,
early-summer stage 1994, cyanobacterial bloom 1994, and late summer stage 1993).
For each stage, common factor analysis was used to simplify the highly correlated
patterns of nutrients, salinity, temperature and the depth of mixed layer. Obtained
latent variables were used to explain spatial distribution of phytoplankton. Generaily,
the distribution of phytoplankton variables followed closely the patterns of nutrient
rich fresh water. During the spring bloom in 1995, the spatial structures of
phytoplankton biomass (4-27 mg/ 1) and chlorophyll a (13-50 pg/ | ) were well
explained by common factor loaded by inorganic N, total N and P, salinity and the
depth of mixed layer. The early-summer stage in 1994 was characterized by
homogenous distribution of algal biomass and low concentrations of inorganic N and
P. At this stage, the decreasing amount of total N and P from southemn Gulf of Riga
lowards northem part of the Gulf was accompanied with the decrease of chlorophyll a
concentrations and the increase of relative importance of picoplankton (algae
<2=pm). Intense bloom of cyanobacteria (Aphanizomenon flos-aquae (L.) Ralfs) took
place in 1994 after warming up of the surface layer. The abundance of A. flos-aquae
was related to the common structure of N, P and fresh water and the bloom was most
dense (up to 6.6 mg /l) in the southern Gulf. At the same time the contribution of
picoplankton from total chlorophyll a was high (up to 60 %) in the northem Gulf
affected less by the nutrient load. The late summer phase in 1993 was characterized
by high heterotrophic activities and the phytoplankton community was dominated by
Cryptomonads (on the average 50 % of total biomass). At that stage the distribution of
phytoplankton was obviously governed by biological interactions and the multivariate
methods were not especially successful to explain the spatial distribution of main
tomponents of phytoplankton community. Excluding the late summer phase, the
statistical methods used in this sudy revealed well the relationships between
phytoplankton variables and nutrient rich fresh water. It is evident that nutrient load
from river Daugava is a reason for higher phytoplankton biomass in the southern Gulf
of Riga. especially during bloom occasions.



Final version of 25 October 1997 (in print | Hydrobiclogia)

THE USE OF SPECTRAL FLUORESCENCE METHODS TO DETECT CHANGES IN THE

PHYTOPLANKTON COMMUNITY

Jukka Sgpgalém & Maija Balode 2

' Tvarminne Zoological Station, University of Helsinki, FIN-10900 Hanko, Finland
?Institute of Aquatic Ecology, University of Latvia, Miera 3, LV-2169 Salaspils, Latvia

* Present address: Finnish Environment Institute, P.O.Box 140, FIN-00251 Helsinki, Fintand

Key words: in vivo fluorescence, spectrofiuorometry, phytoplankton pigments, phytoplankton

community structure, Gulf of Riga



Abstract

In vivo fluorescence methods are efficient tools for studying the seasonal and spatial dynamics of
phytoplankton. Traditionally the measurements are made using single excitation-emission wavelength
combination. During a cruise in the Gulf of Riga (Baltic Sea) we supplemented this technique by
measuring the spectral fluorescence signal (SFS) and fixed wavelength fluorescence intensities at
the excitation maxima of main accessory pigments. These methods allowed the rapid collection of
quantitative fluorescence data and chemotaxonomic diagnostics of the phytoplankton community.
The chiorophyll a -specific fluorescence intensities (R) and the spectral fluorescence fingerprints
were analysed together with concentrations of chlorophylt a in different algal size-groups,
phytoplankton biomass and taxonomic position. The tower level of R in the southern gulf was related
to the higher propertion of cyanobacteria relative to total biomass and the lower abundance of small
algae. The phycoerythrin fluorescence signal was obviously due to the farge cyanobacteria. The
basin-wide shift in the shape of chlorophyll a excitation spectra was caused by the variable

Proportions of differently pigmented cyanobacteria, diatoms and cryptomonads.



Introduction

A major goal in biological oceanography is to describe and model the varsiability of phytoplankton
biomass, production and community structure in relation to the physical and chemical environment.
Sampling and measuring techniques altowing continuous recording of biological data are needed to
understand the couplings of biological, chemical and physical processes at different temporal and
spatial scales (e.g. Legendre & Demers 1984; Harris 1986). Measuring bio-optical properties of living -
algae is an efficient tool in high-frequency sensing of the algal community. The in vivo fluorescence
method presented by Lorenzen (1966) has been widely used to study the distribution of chlorophyll a
(chl a). it is easy to perform and provides high-sensitive on-line information on the distribution of
algae. Frequent calibrations are, however, needed against accurate pigment analyses since the
fluorescence characteristics of living algae are highly variable. In principle, in vivo fluorescence
intensity per chi a (R) is affected by ( /) the spectral intensity of the excitation light, (/) the rate of
light harvesting by photosystem Il (PSll), (i ) the energy transfer efficiencies of the photosystems
and ( jv ) the quantum yield of fluorescence (Falkowski & Kiefer 1985; Owens 1891). In studies of
algal cultures or natural phytoplankton communities the variability of R has been interpreted as a
function of algal cell size, nutrient status, state of the photosystems, photoacclimation and taxonomic
position (Kiefer 1973; Loftus & Seliger 1975; Harris 1980; Alpine & Cloern 1985; Mitchell & Kiefer

1988b; Strass 1990; Althuis et al. 1994; Guo & Dunstan 1995).

The in vivo fluorescence emission of chi a (maximum at 682 nm) arises from PSII. The light
harvesting pigments in PSII are to some extent class-specific; thus there are differences in the
shapes of excitation spectra of the major phytoplankton classes (Yentsch & Yentsch 1979). For all
algae, light can be absorbed by chl a itself (maximum at 438 nm); for chlorophytes also by chl b (480
nm} and for chromophytes by chi ¢ (460-470 nm) and carotenoids (490-560 nm), affecting the
fluorescence excitation specimen. The pigment-system of cyanobacteria differs from that of
eukaryotes (Bryant 1986) in exhibiting only weak fluorescence from chl a; cyanobacteria. however.
contain phycobilins that fluoresce at specific wavelengths. Emission maxima for phycoerythrin and

phycocyanin are at about 570 and 650 nm, respectively. The cryptophytes also have phycobilins and



are characterised by both phycobilin and chi a fluorescence. (Prézelin 1981; Anderson & Barrett

1986)

Use of the spectral fluorescence signal (SFS) to detect the algal community structure was first
proposed by Yentsch & Yentsch (1979). Since then, SFS methods have been used in several studies
of algal monocultures seeking to establish the effects of light and nutrient stress on algal
pigmentation (e.g. Cleveland & Perry 1987; SooHoo et al. 1986, Mitchell & Kiefer 1988a; Sakshaug et -
al. 1991) or in the characterisation of the natural algal community structure (e.g. Yentsch & Phinney
1985; Oldham et al. 1985; Cowles et al. 1993; Poryvkina et al. 1994). For a given species, the SFS is
not stable - although the variable fluorescence can be partly suppressed by treating phytoplankton
cells with DCMU (Johnsen & Sakshaug 1993) - and automated analyses of algal community structure
are thus difficult to obtain. SFS measurements are, however, very sensitive for tracking the
distribution of fluorescence attributable to class-specific accessory pigments, thus yield

chemotaxonomic information on the phytoplankton community.

To assess the capability of SFS methods to detect changes in the phytoplankton community
structure, we made several different types of fluarescence measurements in the Gulf of Riga (Baltic
Sea). The guif is semi-enclosed and exhibits a strong horizontal gradient of salinity caused by the
large inputs of fresh water and low level of water exchange with the Baltic Proper. Riverine nutrient
inputs have caused heavy eutrophication of the southern and central parts of the gulf in recent
decades (Yurkovskis et al. 1993; Balode 1994; Kostrichkina et al. 1994; Andrushaitis et a/. 1995).
During our cruise the weather was sunny and the sea calm, leading to strong thermal stratification,
Cyanobacterial blooms and a subsurface chl a maximum. Different phytoplankton communities were

detected along the north-south gradient.

Materia| and methods

Invivo fluorescence measurements were performed at 18 fixed stations in the Guif of Riga during the

Cluise of RV Marina on 10-13 July 1994 (Fig. 1). Water samples were collected at 0, 2.5, 5, 7.5, 10,



15, 20 and 30 musing 5 Niskin bottles. Integrated surface samples (SURF) were obtained by mixing
equal sample volumes from O-10 m. Size-fractionation of the SURF samples was carried out by
reverse filtration, using either a 10-gm nylon screen or a 2-um Nuclepore filter. Samples were
processed immediately on board. At the time of sampling, vertical profiling was conducted using a
CTD equipped with a chlorophyll luorometer (Aquapack, Chelsea instruments). Vertical profiles of

the light (PAR) attenuation were measured with a submersible quantum meter (Li-Cor, cosine

collector).

The chl a content of vertical and fractionated samples was measured by filtering 100-ml aliquots onto
Whatrman GF/F filters, which were subsequently extracted with 96% ethanol for 24 h at room
lemperature. Chi a was measured with a spectrofiuorometer (Shimadzu RF-5001) calibrated using

¢ht a standard (Sigma) and an extinction coefficient of 83.4 | g”' cm™ (Wintermans & De Mots 1965).
The phytoplankton community structure was analysed in Lugol-fixed SURF samples using an

Inverted microscope (Diavert) according to Utermohl (1958). Biomass (wet weight) transformations to
cell volume and carbon content were made following the recommendations of the Baltic Marine

Bologists {Edler 1979). Total nitrogen and phosphorous concentrations were measured from the

SURF samples.
Fluorescence measurements

The water samples were matintained in darkness for 1-4 h before fluorescence analysis. in vivo
SPectral flugrescence measurements were made in the onboard labaratory using a PC—ontrolled
Sectrofiuorometer (Shimadzu RF-5001). Two-dimensional SFSs (2-D SFS) were measured as
describeq by Poryvkina et al. (1994). This technique yields excitation-emission matrices that include
*/he wavelength combinations at which phytoplankton pigments are capable of fluorescing (see
Table 1), Such a matrix also yields signals from DOM and Raman scattering. To obtain more detailed
"ormation on the spectral fluorescence of ch! a, the excitation spectra (emission of 682 nm)

“ordeq {1-D SFS). Three replicate excitation spectra were measured, of which the average

FEClum was used in later analyses. To remove the fluorescence signal of DOM and Raman



scattering, aliquots of the samples were filtered through the Whatman GF/F filters and the
fluorescence spectra of the filtrate were subtracted from the sample spectra. Quantum correction of

SFSs was made using the dye Basic Blue 3 (Kopf & Heinze 1984).

The measurement of 2-D SFS and 1-D SFS took 30 and 3 min, respectively, and were carried out on
SURF samples only. For rapid assessment of the vertical variation in fluorescence characteristics,
the in vivo fluorescence of all samples was measured at five selected wavelength combinations using

an inbuilt program and an automatic sample changer (Table 1).

Results

Basin-wide patterns of hydrochemistry and algal taxonomy

The north-south gradients of surface salinity and nutrient concentrations (Fig. 22, ¢, d) resemble well
those presented eartier for the Gulf of Riga (Yurkovskis et al. 1993). The concentrations of total
nutrients increased by about 75% from the Baltic Proper to the most eutrophicated areas in the
southern gulf. The elemental N/P ratio did not vary significantly in the study area (data not shown).
Buring our cruise, the horizontal variation in chl a (Fig. 3a) was similar to the varation in the

Concentration of total phosphorous (r = 0.91).

Strong thermal stratification was established shortly before and during our cruise (Fig. 4) (Seppals,
Unpubl.). The calm conditions allowed of a subsurface chl a maximum to form at 5-10 m depth at all
Stations; chl a concentrations were two to three times higher than at the surface. This was also

evident in the fluorescence profites (Fig. 4).

In the Baltic Proper (station 1, Fig. 1), the phytoplankton community was dominated by picoplankton
(<2 Hm) as revealed by ch! a results (Fig. 3b) and characterised by the low biomass of nano- and
Microphytoplankton (32 mg C m™). Cryptomonads and diatoms contributed 59% and 38%.

"ESpectively. to the total nano- and microphytoplankton biomass (Fig. 5). The proportion of



picoplankton decreased with increasing algal biomass towards the inner and, especially, the southern
gulf (Figs 3b and 5). In the southern part, picoplankton contributed only 17-25% of chl g, whereas
filamentous cyanobacteria - mainly Aphanizomenon flos-aquae and Nodularia spumigena -
contributed up to 80% of the total nano- and microphytoplankton biomass. The northern part of the
gulf exhibited a more diverse phytoplankton community, with pronounced abundances of
cryptophytes and diatoms (Fig 5). The Shannon index for biomass in the northern guif was 2.5 on
average, but in central and southern parts, where intensive blooms of cyanobacteria were observed,

only 1.4,
Fluorescence measurements

The 2-D SFS were characterised by a strong phycoerythrin signal at an excitation wavelength of 560
nm and an emission wavelength of 570 nm (F570) (Fig 6). The excitation at 560 nm also produced a
wide secondary emission peak centred at 650 nm, possibly as a result of energy transfer from
phycoerythrin to phycocyanin. No peak for direct excitation of phycocyanin at longer wavelengths
(around 630 nm) was, however, observed. The emission line of chl a at 682 nm is also detectable in
2-D SFSs, butis even more distinct in excitation spectra, i.e. 1-D SFSs (Fig. 7). After correcting for
DOM and dividing by the corresponding chl a concentration, all 1-D SFSs were quite similar in shape
and magnitude. The distinct peaks at 438 (F438) and 570 nm can be attributed to excitation by chl a
and phycoerythrin, respectively. The 2-D SFSs obviously indicate that the phycoerythrin peak does
not represent emission from ch! a. The excitation reflecting the accessory chlorophylls and
carotenoids is responsible for the shoulders at around 460-520 nm. The DOM signal (lower left
Comer at 2-D SFSs in Fig. 6) at shorter emission wavelengths (< 600 nm) was distinct for southern

Stations influenced by the gelbstoff load from the river Daugava

The fluorescence intensity had a tendency to rise towards the southern gulf, irrespective of either
Method or wavelength, thus corresponding to the distribution of chl a or carbon biomass (Fig. 8, Figs
33 and 5a). The CTD fluorometer profiles or the direct excitation of chl a (F438) by SFS methods

COrrelated well with extracted chl a (r=0.87 and 0.79, respectively). For both types of measurements,



however, the variability of R showed clear spatial patterns (Fig. 8b). The distribution was similar to
that of the ratio of excitation of chl a directly to the excitation reflecting accessory chlorophylls and

carotenoids (F438/F470) (Fig. 8d).

The vertical samples revealed strong variability of R; on the surface it was about half that at 5-10 m
depth. Similar patterns were recorded at all times of the day, from both in situ of CTD-flluorometer
profiles and dark-adapted samples (Fig. 9). Some indication of the diel vertical changes in SFSs was
obtained. In the area where cyanobacterial blooms occurred, the ratio of phycoerythrin fluorescence
(F570) to chl a fluorescence (F438) exhibited a maximum at midnight on the surface. This maximum
moved gradually deeper during the morning (Fig. 10). The measurements were not made at the
same station (stations 13-16); however, in areas of similar phytoptankton species composition. The

ratios of other wavelength combinations failed to show any general patterns.

Discussion
Chl a specific fluorescence, R

In vivo fluorescence is a semiquantitative indicator of the chl a content of water, and usually the
fluorescence profiles presented have been calibrated against pigment analyses. Linear regression -
seting R as a constant - is the easiest way to calibrate fluorescence profiles. Such calibrations yield
good results if samples are collected in a wide range of concentrations. R is in reality, however, a
Vanable and it responds, for instance, to phytoplankton species composition, sometimes with
detectable spatial and temporal patterns (Loflus & Seliger 1975; Owens 1991). The cause of the
vanability of R is complex - even where single species are concemed - due to the physiology of and
Physical processes in algal cells (Mitchell & Kiefer 1988a; Owens 1991). Hence, the only practical
abproach is to study statistically the relationship of R to environmental variables such as ambient

Madiance, mixing depth, nitrogen availability, species composition and phytoplankton size spectra.



Correlation analysis (not shown) of these variables indicates that the distribution pattern obtained for
R during our cruise was mainly due to changes in the phytoplankton community structure. Most
significantly, the southward decrease in R was related to the increase in the proportion of filamentous
cyanobacteria refative to total phytoptankton biomass (% of total nano- and microphytoplankton), the
increase in phycoerythrin fluorescence and the decrease in small algae (as % of chf ain < 10 pm
fraction) with correlation coefficients of -0.52, -0.77 and 0.84 (Fig. 11) respectively (n=18). It is well
established that R is much lower (about 10 times using our optical setup, unpubl.) for cyanobactena
than for eukaryotes because most of the chl a is connected to photosystem |, which does not
fluoresce at normal temperature (Vincent 1983; Bryant 1986; Johnsen & Sakshaug 1996).
Furthermore, for small algae - or generally algae with a small package effect - the chl a-specific
absorption is higher, and thus fluorescence, t0o, is likely to be higher (assuming a fairly constant ratio
of fluorescence to absorption). Theoretical studies of Kirk (1983) indicate that the package effect is a
relatively linear function of size for similarly pigmented spherical small cells (0-20 pm). Though the
dynamic nature of algal pigmentation and fluorescence yield will cause large deviations from linearity
of R and cell size, it was evident that such a relation existed during our study (see Fig. 11). Similarly
Alpine & Cloem (1985) found that the R was highest in the smallest phytoplankton size-class they
Examined. Yet opposite relation was found for the open ocean phytoplankton (Guo & Dunstan 1995).
They suggested that in estuarine and coastal areas the packaging effect has more important role in
de‘ermining R than photosynthetic quantum efficiency but the latter being more important in the

dlgotrophic oceanic waters.

Photoinhibition is a possible cause for the decreasing in vivo chi a fluorescence (e.g. Falkowski &
Kiefer 1985). Despite the sunny weather during our cruise (up to 1800 UE m's™), no statistical
differences in R were recorded for daytime and night-time samples. If photoinhibition occurs in

SUface samples it is probably recovered during the dark-adaptation period (see Harris 1980). Depth-
Yependent differences in R were observed at all stations, but taking into account the high light
“eNuation coefficient of the water (kg = 0.45 - 0.75 m') and the weak mixing of the surface layer,
Nese coyig hardly have been caused by photoinhibition. During the night, the fluorescence properties

he mixed layer should be similar at all depths. The vertical structure of R may have been due to
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the different proportions of cyanobacteria at different depths (see below), or the fluorescence yield

may have increased because of the lower utilization efficiency of light for photosynthesis.

Spectral fluorescence

Phycoerythrin fluorescence (F570) originates from cyanobacteria or cryptophytes. We assume that
the observed phycoerythrin signal did not derive mainly from the picoplanktonic cyanobacteria
(Synechococcus-type) cells, because there was no gradient in picoplankton biomass such as in F570
(Fig. 8c). The F570 signal was rather related to algae > 10 pm (r = 0.70). The pigmentation of
picocyanobacteria in the Guif of Riga has not, however, been studied. There may be a southward
shift from phycocyanin to phycoerythrin-dominated strains in the gulf, although phycoerythrin is
usually the major phycobifin in oceanic, and phycocyanin in coastal Synechococcus-strains
(Waterbury et al. 1986). The F570 signa! was strongest at the southern stations, where filamentous
cyanobacteria dominated and cryptomonads were almost entirely lacking. In the north, where the
cryptomonads were more abundant, F570 was low. We therefore suggest that the phycoerythrin
signal was mainly due to the large cyanobacteria (Fig. 12). The multiple emission peak of
phycoerythrin has previously been related to the cryptomonad phycoerythrin Cr-PEs,s (Rowan 1989;
Poryvkina et al. 1994), although such a spectral shape also seems to be normal for cyanobacteria
(e.9. Vincent 1983). We did not detect a fluorescence peak of phycocyanin using 2-D SFSs. As also
noted by Poryvkina ef al. (1994), this could be due to the lower production of this pigment in cells

grown in strong fight.

As for fluorescence and chl a, one cannot expect a constant ratio of phycoerythrin concentration to its
fluorescence. The pigment-specific variability of phycoerythrin has been poorly studied because
Quantitative analyses are difficult to perform (Wyman 1992). 1t may be possible to monitor
yanobacteria by phycobilin fluorescence (e.g. Watras & Baker 1988). Much more information is
Needed. however, on the variability of this pigment, and its causes in natural waters, especially during

Periods of cyanobacterial bloom.
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Where diatoms and cryptomonads were relatively more abundant, the excitation of chl a through
transfer of excitons from accessory chlorophylls and carotenoids was higher than in areas of
cyanobacterial domination (Fig. 8d). Thus the shape of spectra indicates the relative importance of
accessory pigments for light harvesting. Yentsh & Phinney (1985) suggested using the CAP ratio as
an index for certain phytoplankton groups. This ratio, which is the ratio of chl a fluorescence excited
at 438 nm to that of carotenoids at 530 nm, could be misleading in cases such as those discussed
here since it does not take phycoerythrin-induced fluorescence in green light into account. Such a
ratio should therefore be used with great caution unless the overall fluorescence properties of the
samples are known. It might be advantageous to combine the measurements of some fixed

wavelengths with more detailed spectral analyses, as with the 2-D SFS method used here.

The only evidence of a systematic vertical change in algal pigmentation was in the ratio of
phycoerythrin to chl a fluorescence (F570/F438) obtained in the southem part of the gulf. This pattern
may have been caused by the active vertical migration of cyanobacteria. No major differences were

found in the fluorescence properties of surface and deep populations.

In conclusion, the in vivo fluorescence patterns observed in the Gulf of Riga were closely related to
general features of the phytoplankton community. The higher proportion of filamentous cyanobacteria
and lower abundance of eukaryotes and picoplankton in the southern gulf were accompanied by 1)
lower ch| a-specific fluorescence (R), 2), higher phycoerythrin luorescence and 3) a shift in the
shape of chl a fluorescence excitation spectra. Spectral fluorescence signals of other algal groups

Were masked by signals from the cyanobacterial biomass.

DEtermining in vivo spectral fluorescence is a recent and sophisticated way of making non-
Manipulating measurements of the algat community. The approach has considerable potential in the
field of unattended monitoring of phytoplankton, especially in combination with conventional methods
of pigment analysis and phytoplankton microscopy. The responses of bio-optical parameters, e.g.
*Pectral fluorescence, of the algae to fluctuating natural light and nutrient regimes are. however, not

Y&l fully understood. To interpret field data, laboratory studies need to be performed.
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Table 1. Settings of spectrofluorometer (Shimadzu RF-5001) for detection of in vivo fluorescence of

phytoplankton pigments with the two-dimensional spectral fluorescence (2-D SFS), one-

dimensional spectral fluorescence (1-D SFS) and at several fixed wavelengths.

Method

Excitation wavelength

nm (sfit width)

Emission wavelength

nm (slit width)

Light harvesting pigments

monitored

2-D SFS
1st spectra
2nd spectra

3rd spectra

400 (3)
410 (3)
420 (3)

step of 10 nm

420-700 (5)
430-710 (5)
440-720 (5)

step of 10 nm

chl'sa, b, ¢,
carotenoids and

phycobilins

25th spectra 640 (3) 660-940 (5)

1-D SFS 400-660 (3) 682 (10) chl's a, b, ¢ and
carotenoids

Fixed wavelengths

1. 438 (3) 682 (5) chl a

2 480 (3) 682 (5) chi's band ¢

3. 520 (3) 682 (5) carotenoids

4. 560 (3) 580 (5) phycoerythrin

. 630 (3) 650 (5) phycocyanin
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Figure 1. The route (continuous line) taken by RN/ Marina during 10.-13.7. 1994 and sampling

stations (asterisks) in the Guif of Riga. The index number is shown for some stations.
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Figure 2. Surface (0-10 m) distribution patterns of a) salinity (PSU) and b) temperature (°C) averaged

from the CTD data, and of c) total nitrogen (pg I'') and d) total phosphorous (ug I'") from integrated

SURF samples.
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Figure 3. Surface (0-10m) distribution patterns of a) chi a (ug Iy and b) proportion (%) of chl a in

size-fraction < 2 pm.
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Figure 4. Temperature (°C) and chlorophyll fluorescence (reiative units) profiles from station 13 as

measured by CTD.
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Figure 5. Surface (0-10m) distribution patterns of a) biomass of micro- and nanophytopfankton {(mg C
m“g) and the proportion (%) of b) cyancbacteria, ¢) cryptomonads and d) diatoms relative to total

biomass. Samples counted using inverted microscope.
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Figure 6. Fluorescence excitation-emission matrices (2-D SFS) of four different phytoplankton
communities. Phycoerythrin peak: excitation at 560 nm, emission at 570 am. Chl a excitation:

emission at 682 nm. DOM is evident as a rise in fluorescence at low emission wavelengths.
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Figure 7. Excitation spectra of chl a (1-0 SFS) for all stations. The signals from DOM have been
Subtracted, and the spectra quantum corrected and divided by chl a concentration. Excitation peaks:

438 am (cht a) and 570 nm (phycoerythrin).
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Figure 8. Surface (0-10 m) distribution pattemns of a) chl a fluorescence (F438). b) chl a-specific

fluorescence (R), ¢) phycoerythrin fluorescence (F570), d) the ratio of direct excitation of chl a to

excitation through accessory chl's and carotenoids (F438/F470), Values are taken from 1-D SFS,

except F570, which is from fixed wavelength measurements.
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Figure 9. Vertical variability of chl a-specific fluorescence (R) at station 13. Fluorescence profiles
were measured at midnight by CTD (in situ) or, in the discrete samples, in the laboratory after the

dark-adaptation period.
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Figure 10. Diel variation in the phycoerythrin to chl a fluorescence ratio (F570/F438).
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Line is a fit by linear regression.
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ABSTRACT

[nterest is focused on the coastal zone where biological effects of eutrophication are more obvious
than in offshore areas. Paper demonstrates spatio- temporal distribution of phytoplankton in the
nearshore area of the Guif of Riga in connection with environmental factors. Spatial biological
distribution revealed significant fluctuations of phytoplankton biomass, chlorophyll a concentration as
well as species composition along the horizontal and vertical line. At the same time significant
fluctuations of hydrological and hydrochemical parameters caused by river input and irregular local
pollution along the coastal zone, does not allow to distinguish some general tendencies in the
phytoplankton horizontal distribution in the littoral and sublittoral zone. Nevertheless, analysis of
phytoplankton standing stock at the nearest sublittoral stations (10m) show an increase of the total
phytoplankton biomass in spring in the eastemn part of the Gulf and in summer at the station
Daugava (opposite the mouth of river). A more homogeneous horizontal distribution was found in
autumn and winter. Essential difference in phytoplankton distribution along the vertical line shows
seasons where water stratification is expressed (summer and early autumn), when the highest
densities of organisms were found in the upper water layer with a maximum of cyanobacteria in 0-
10m layer and the dinoflageliates - above the termocline. Seasons with distinct water turbulence (late
autumn - winter, spring) show a more homogeneous vertical distribution of phytoplankton.

Values of phytoplankton biomass and chlorophyll a concentrations differ considerably among seasons
and show that major peaks appear in spring, reaching 28 g¢/m3 and 0.034 g/m3 of biomass and
chlorophyll a , respectively, followed by 1 or 2 less expressed maximums during summer and autumn.
In comparison with spring, summer bloom is characterized by lower values of phytoplankton biomass
with a maximum 5,4 g/m3. Biological autumn is characterized by relatively high values of
Phytoplankton standing stock (maximum 5,6 g/m3) and chiorophyll a (maximum 0,013 g/m3)

Concentrations, caused by large size diatoms, however an irregular character of autumn maxima was
registered.

INTRODUCTION
A” average annual freshwater inflow into the Gulf of Riga equals to 31km3 and 86% of it falls
Nto the southern part of the Gulf [1]. The volume of the annual freshwater inflow constitutes 7.3% of
the total volume of the Guif [1]. It suggests that the Gulf of Riga is strongly affected by river waters
determining a high level of primary production with annual changes from 450 - 200 gC/m2/y in the
north to above 500 gC/m2/y near to the river mouth [2].
Taking into account that the main part of the nutrient load derives directly from the land, the effects
Mmay be more expressed and visible in the coastal zone (3]. It focused our interest on the most
Productive region - the nearshore area of the southem part of the Guif, where the influence of river
“-_'“0ff is more expressed and where features of eutrophication, such as lowered water transparency,
high level of nutrient concentrations, high values of BODg , qualitative and quantitative changes in
Structure of the whole pelagic and benthic communities, increase of the total standing stock and
'eplacement of the dominant species are most obvious [1: 4-11].

Owever, vast previous studies of the nearshore area of the Gulf of Riga were done, most of them
Wef§ dedicated to the study of phytoplankton community structure with insufficient attention to the
Snvironmental factors [4-6:; 8; 12-16;].



The aim of the present paper is to analyse the spatial and temporal distribution of phytoplankton in the
nearshore area of the Gulf of Riga in interaction with the environmental variability.

MATERIALS AND METHODS

Phytoplankton studies were carried out in the nearshore area of the southern part of the Gulf of Riga
during 1994-1996. Phytoplankton data consist of year-round observations (April 1995 - May 1996) of
phytoplankton structure in two littoral monitoring stations ( Melluzi - west coast, Saulkrasti - east
coast) and 24 stations of 8 transects (Melluzi, Majori, Lielupe river , Bujli, Daugava river, Vecaki,
Gauja river, Saulkrasti) of sublittoral zone in summer, autumn, late autumn- early winter 1994 and
spring 1995 (25.07.-01.08.94; 22.09.-06.10.94; 27.11.-06.12.94; 18.04.-25.04.95). In summer and
autumn 1995 and spring 1996 (19.07-27.07.95; 17.10-26.10.95; 30.04.-04.05.96) samples were taken
only in 3 main transects (Melluzi, Daugava river, Saulkrasti).

Each transect consisted of 3 sampling sites located at 10, 20, 30m depth. Littoral stations were
visited 1-2 times per month and sublittoral ones - once a season. Transects and stations mentioned
in the text are shown in the Fig.1. A detailed description of hydrological and hydrochemical regime of
the study area are given in articles of V. Berzinsh and U.Botva & J.Aigars of the same volume.
Seawater was sampled with Niskin bottles at standard depths 0; 5; 10; 20; 30 m. Phytoplankton
samples were conserved by acid Lugol's solution [17] and analysed using Uterméhl method [18] on
inverted microscope DIAVERT. Density of counting units (filaments or colonies for cyanobacteria and
green algae and cells for other systematic groups) and the biomass (wet weight) were used as
quantitative indices to characterise the phytoplankton community structure. The biomass calculations
were made according to Edler (1979, 19], using personal measurements as well as fixed volume lists
of phytoplankton counting units (Rudzroga, unpublished data). The species nomenclature is taken
according to Edler et ai [20].

Chlorophyll a concentrations were determined by spectrophotometer Hitachi Model U-2000 and
calculated according to equation recommended by Helsinki Commission [21]. 96% ethanol was used
for chlorophyll a extraction [21]. Totally 532 analyses of phytoplankton structure (492 sublittoral
Samples , 40 - littoral) and 562 measurements of chlorophyll a concentrations were done. 380
chlorophyil samples were analyzed by lize Donina. .

Chemical analyses according to Grasshoff [1983, 22] and were made by Uldis Botva and Juris Aigars.
F’_erson's coefficient of correlation [23] was used to detect the relationship between phytoplankton
biomass and 12 environmental factors (temperature, pH, salinity, oxygen content, oxygen saturation,
BOD5, concentrations of N-NO3, N-NO2, N-NH4 P-PO4, Si-SO3). Data matrices for each season
were obtained.

Shenon index was used as species diversity index [24].

RESULTS

5‘pring_ Vemal bloom assembiage of the nearshore area was formed on the basis of diatoms and
dinoflagellates (Table 1: 2) the most part of them are cold water species of arctic boreal complex (
temperature optimum <10°C), as well as eurytermic species. Low water temperature and high nutrient

Zoﬂf:entrations (Tabie 3) stimulate development of typical spring bloom species like Thalassiosira
altica, Melosira arctica, M. nummuloides, Chaetocerus danicus, Ch. wighamii, Ch. holsaticus,

A_Chnanfhes taeniata, Perdiniella catenata (Table1). Th. baltica dominated in the phytoplankton
biomass of al| stations and reached its peak in the eastern part of the Gulf (24g/m3 at 20m station of
L’;ﬂsect Vecaki) making up to 98% of the total diatoms biomass and 86% of the total phytoplankton
mass.
%gfgral stations reveal considerable fluctuations of phytoplankton biomass during spring 1995 (11.04-
05.95) from 1.5 up to 24.6g/m3 (on the average 13.9 g¢/m3). The maximum of vernal bloom was
Efn"'sed by diatoms at the end of April (Fig.2; 3). At the same time minimum of Shannon index at this
(Figz\;las registered (0.3-0.6). Spring bloom of 1996 was less expressed than the bloom of 1995
:}:nse dgvelopment of spring phytoplankton was cobserved also in the sublittoral zone, with an
Vall:age biomass at the upper (0-10m) water layer 7.3g/m3 in 1995 and 13.9g/m3 in 1996 (Table 2).
. SS/S of phytoplankton standing stock at this time varied between 0.2-28.1g/m3 (1995) and 4.5-
©g/m3 (1996). The most intensive spring bloom in 1996, in comparison with 1995, can be explained



by higher nitrate concentrations in 1996 (1996: max 117pmol/l; mean for surface 48.2 pmol/l; 1995:
max 40pmol/i; mean for surface 21.8umol/l; Table 3).

Concentrations of chlorophyll a in the upper (0-10m) water layer ranged between 1.7 and 34.3 mg/m3
(mean 18. 2 mg/m3; Table 2) with a maximum at the 20m station of transect Majori. Chlorophyll a
content on the surface of transects Majori (20, 30m stations), Bul|i (10, 20, 30m stations), Lielupe river
(20, 30m stations), Vecaki (20, 30m stations), Gauja river (20, 30m stations) exceeded 20mg/m3.
High indices of sublittoral phytoplankton abundance during vernal bloom were followed by low values
of species diversity index ( in 62% of cases was below 1.0).

Considerable fluctuations of phytoplankton biomass and chlorophyll a concentrations aiong the
horizontal line (Fig.4) was observed. Heterogeneous distribution of phytoplankton organisms was
registered along the whole coastal zone observed. At 10m stations the highest phytopiankton
biomass was observed in the stations of transects Bulli, Vecaki, Gauja river (Fig.4), where high
concentrations of nitrates were marked in the upper water layer (26.1-32.5 ymol/l) and in comparison
with western coast, higher water temperature was registered (maximum 9.5°C). Part of transects
show an increase of phytoplankton biomass and chiorophyll a concentrations in 20m and 30m stations
(Fig. 4), that could be explained by heterogeneous distribution of nutrients along the transects. Low
values of phytoplankton standing stock at the transect Saulkrasti in 1995 can be explained by a
difference in sampling times.

Vertical distribution of phytoplankton and chlorophy!l a concentrations was rather homogeneous,
nevertheless in most stations maximum values of the mentioned indices were observed in the upper
water layer (0-5m), where increase of nitrates was registered.

Analysis of spring correlation matrix (Table 4) show a positive correlation (P<0.001) between total
phytoplankton biomass and chiorophyll a concentrations. Significant correlation (P<0.001) was found
also between chlorophyll a and the main groups of spring phytoplankton community- diatoms and
dinoflagellates. A positive correlation between the total phytoplankton biomass and water temperature
was registered (P<0.01) and it was more significant during an intensive vernal bloom of 1996 (P<0.05
in 1995; P<0.01 in 1996). A positive correlation between water temperature and abundance of
phytoptankton organisms shows also all main phytoplankton classes - diatoms, dinoflagellates,
chlorophytes, cryptophytes, except cyanobacteria. Matrix of 1995 demonstrates more significant
correlation of temperature with dinoflageltates, chlorophytes and cryptomonades, but matrix of 1996-
with diatoms and cryptomonades (P<0.01). A positive correlation between phytoplankton abundance
a_nd environmental factors - pH (P<0.05) and oxygen content (P<0.001) during vernal bloom was
significant, too, and revealed an intensive photosynthetic activity of phytoplankton organisms In spring
1995/1996. it is supported also by the correlation between the mentioned environmental factors and
standing stock of different phytoplankton classes- diatoms, dinoflagellates, cryptomonads and
Cyanobacteria (Table 4). Diatoms (P<0.001), dinoflagellates (P<0.001), chlorophytes {P<0.05) and
total phytoplankton biomass (P<0.001) show a significant positive correlation with BOD5. Negative
omelations were found between abundance of diatoms (P<0.05), dinoflagellates (P<0.001),
chyptomonads (P<0.05), chiorophytes (P<0.001), total phytoplankton biomass (P<0.01) and salinity
demonstrating a significant freshwater influence on the vernal bloom. According to the mineral
nUl_rition, total phytopilankton, diatoms and dinoflagellates as the dominating groups of phytoplankton
SPng association show a significant positive correlation with nitrates (P<0.01) and nitrites (P<0.001)
and a negative one with phosphates.

Summer. Summer phytoplankton assemblage in July 1994 was formed on the basis of nitrogen fixing
CYa”c’bacteria Aphanizomenon flos-aquae representing nearly 100% of the total cyanobacteria
biomass and accompanied by the presence of Nodularia spumigena, Anabaena spiroides, Microcystis
dénuginosa, Snowella lacustris constituting at the upper water layer on the average 70% of the total
Phytoplankton biomass and causing water bloom along the western and eastern coasts of the gulf.
df:Cfease of diatoms opposite the mouths of rivers Daugava (Fig.5) and Gauja was observed and of
(dn:’ﬂageﬂates - from nearshore to offshore areas. The highest phytoplankton standing stock
wr"e?’m:?) Caused by diatoms, was observed opposite the mouth of the river Daugava (Fig. 4; 5)
in O‘the high Conct_antrations of N-NO3 were observed at the upper water layer (on average 6.5 pmol/l;
n r 10m stations do not exceed 2pumoll). Generally concentrationg of dinoflageliates were marked
deve:e 20ne of brackish waters (at 20m, 30m stations) underlining the role of salinity in the
Opment of marine dinoflagellates (Table 4).



In summer 1994 (25.07.94-01.08.94) when thermal stratification formed and the temperature on the
surface reaches 20-24°C, the bloom of cyanobacteria was possible to be observed. Nutrients at this
time were exhausted above the thermmocline and nutrient concentrations was low (Table 3). High water
temperature (above 20°C) and fow concentrations of N-NO3 (on the average 1.7umol/t) were the most
important factors causing development of nitrogen fixing cyanobacteria in the Gulf of Riga (Table 2;
3). Summer '95 (19.07.95-27.07.95) was characterise by more expressed summer bloom (Table 2),
predominantly formed by cyanobacteria Aphanizomenon flos-aquae and controlled by seasonal water
stratification, water temperature and concentrations of inorganic nitrogen, phosphorus and silica
(Table 4). Ratio of dissolved inorganic nitrogen to phosphorus (DIN/DIP ratio) at the surface of
nearshore area varied widely from 6 (at 10m station of transect Saulkrasti) to 38 (at 10m station of
transect Daugava). Nevertheless in 55% of cases DIN/DIP ratio was below the Redfield ratio [25] and
revealed the important role of cyanobacteria in the formation of summer community structure. 10 and
20m stations of transect Melluzi show significant increase of diatoms Sceletonema costatum and Sc.
subsalsum at the upper water layers. In comparison with 10 and 20 m stations of other transects, the
mentioned stations differed in less expressed thermocline, low water temperature in upper water
layers (mean - 12.5°C), and relatively high concentrations of N-NO3 (max. 6.5umol1) and BODg (> 2
ma/l).
Both littoral stations show significant fluctuations of phytoplankton community structure in late June
and early July with convincing dominance of diatoms Th. baitica and cryptomonads in Saulkrasti
(eastemn coast) and cyanobacteria - in Melluzi (western coast) what could be related with difference in
water temperature of the mentioned stations (16°C- Saulkrasti, 19°C- Meliuzi) as well as with
difference in nutrient concentrations and DIN/DIP ratio (30:1 Saulkrasti, 1:1 Melluzi). In comparison
with sublittoral, littoral stations show an increase of the role of Monoraphidium contortum.
Significant fluctuations of Shannon's index during summer bloom were marked (from 0.5 to 3.2) with
the lowest values at the upper water layer of stations with more expressed water bloom.
In comparison with spring, summer bloom's of 1994 and 1995 were less expressed, reaching
biomasses 4.19 g/m3 in sublittoral (Table 2) and 5.4 g/m3 in littoral (Fig. 2). Phytoplankton
abundance in the sublitoral zone demonstrate heterogeneous distribution of organisms along the
horzontal line in summer 1994 (Fig.4) and comparatively homogeneous- in summer 1995. In 10 m
Stations increase of the phytoplankton biomass was obserwed opposite the mouths of river Daugava.
Vertical distribution of summer phytoplankton community was characterised by maximum
phytoplankton biomass in the upper water layer and a significant decrease of that below the
thermocline. The second increase of phytoplankton standing stock was observed in nutrient rich
bf)ﬁom layer (Table 3) due to the increase of large size diatoms Thalassiosira baltica (Fig.6.). Vertical
dls_tribution shows the dominance of cyanobacteria above the thermocline at all the observed stations
(F’Q-G-), except 10m and 20m stations of transect MelluZi, where less expressed thermocline was
"égistered and significant increase of diatoms Sceletonema costatum and Sc. subsalsum at the upper
Wéter layer was marked.
Significant positive correlation between chlorophyll a concentrations and total phytopiankton biomass
(P<0.01) as well as cyanobacteria abundance (P<0.05) was registered (Table 4). A positive
orrelation between phytoplankton abundance and pH was found (P<0.001). Previous correiations as
“ell as a significant correlation between phytoplankton standing stock and oxygen saturation
(P<9-001) revealed intensive processes of primary production during summer. Cyanobacteria show a
Positive correlation with water temperature (P<0,01), BODg (P<0.01) and TotP (P<0.05) and
?egatwe - with inorganic nitrogen, inorganic phosphorus and silica (p<0,01). A positive correlation was
ound between development of diatoms and concentrations of nitrates and nitrites (P<0.001).
:ut”f“n- Essential changes of phytoplankton community structure in autumn were registered.
atpf:[es composition revealed a decreased role of cyanobacteria and an increase of small flageliates
(Octe first stage of autumn (September) and an increase of large size diatoms at the second stage
condo',:-)er)' det.ermining low vaiues of species diversity index (on the average 0.3). Environmental
caim lons during the first stage of autumn expedition 1994 (22.09.94-27.09.94) were characterised by
along&:;:d sun'ny V\feather. relativer;{ higl_w Yvater tefnper'ature , h_eterogeneous distribution of nutrients
reachin € vertical line (due to the still existing stratification) and intensive developm‘en( of cryptophytes
g m ?('at thf-: upper water Iayef on }he average 50% of the total phytoplankion biomass (Table 2; 3)
due toa Ing high values of species diversity index (>2). At the second stage of expedition (06.10.94)
stormy weather and strong mixing of water mass, thermocline was disrupted and an increase



of nitrates in the upper water layer was registered. It caused a positive trend of diatoms Thalassiosira
baltica and an increase of the total phytoplankton biomass.
In comparison with 1994, biological autumn 1995 (17.10.95-26.10.95) was characterised by higher
values of the total phytoplankton biomass (max. 6.0g/m3, transect Saulkrasti), caused by large size
diatoms (Table 1; 2). Development of diatoms was determined by increased concentrations of
inorganic nitrogen and phosphorus up to 6.1 pmol/l and 0.45 pmol/l, respectively, and decreased
water temperature (Table 3). Th. baltica was a dominant species in autumn community 1995,
representing 79-98% of the total phytoplankton biomass. Maximum abundance of Th. baftica
(44.9'106 cells/m3) was recorded at 30m stations of transect Saulkrasti. At the same time a decrease
in cyanobacteria and nanoflagellates standing stock was observed except 10m and 20m stations of
transect Melluzi where a significant role of small flagellates was still registered, that could be
explained by weak mixing of water mass.
Littoral stations demonstrate an increase of nanoflagellates at the end of summer bloom and diatoms -
in autumn (Fig.2). Opposite to Melluzi, the eastem littorai station Saulkrasti did not show any autumn
peak caused by large size diatoms (Fig. 2).
The values of phytoplankton biomass iri the upper water layer of the nearshore area varied between
0.07 and 3.1 glm3 (mean 0.6) in 1994 and between 0.2 and 5.6 g/m3 (mean 2.7) in 1995 (Table 2).
Horizontal distribution of phytoplankton was rather even (Fig.4). No significant difference in values of
phytoplankton standing stock between staations was observed.
Disappearing of termocline provided mixing of water column and ensured an even distribution of
phytoplankton along the vertical line, except station Melluzi, where water stratification was still
observed and autotrophic organisms were distributed not so homogeneous.
A significant positive correlation between the total phytoplankton biomass and oxygen content
(P<0.001) as well as pH (P<0.001) revealed intensity of primary production. A positive correlation
with water temperature is shown by the values of chlorophyll a concentration, cyanobacteria,
dinoflagellates, chiorophytes and cryptophytes . A negative correlation or independence between the
dominant phytoplankton classes and concentrations of inorganic nitrogen and phosphorus could be
related with mixotrophic nutrition or decrease of phytoplankton occurrence during autumn and was
more expressed during the first autumn expedition 1994 (in September), when a dominance of
Nanoflagellates was observed. At the same time cyanobacteria, dinoflagellates and chiorophyts show
a positive one, but diatoms and total phytoplankton - a negative correlation with total N.
Late autumn - winter. Phytoplankton association in late autumn was basically formed of diatoms
making an average 70% of the total phytoplankton biomass. Thalassiosira baltica was common at all
transects, Actinocyclus octonarius also played an important role in the samples of westem and
astemn part of the Gulf. The other systematic groups of phytoplankton were of subordinate
'Tmﬂance in winter period.
Significant concentrations of inorganic nitrogen and phosphorus at the upper water layer (N-NO3 up to
27umolrt; P-PO4 up to 1.9pmoll) and water temperature (up to 4°C in the eastem part of the gulf and
OPposite the mouth of river Daugava and up to 5°C in westem part) determined relatively high values
of pPhytoplankton standing stock (above 1g/m3, Table 2, 3, Fig. 4) as well as chlorophyll a
Concentrations (on the average 3.7 mg/m3) in late November and early December 1994 (27.11.94-
06.12.94). Late autumn- winter 1994 was characterised by homogeneous distribution of phytoplankton
Organisms along the horizontal (Fig. 4) and vertical lines.
gimF’?S'rtive correlation was found between diatom occurrence and water temperature (P<0.001).
lar comelation was estimated for the total phytoplankton biomass. A significant negative
f:”elation between phytoplankton biomass and pH (P<0.001) as well as oxygen content (P<0.001)
lat":aled that in spite of comparatively high values of phytopiankton biomass photosynthetic activity of
autumn phytoplankton organisms was low. A negative correlation was found between

zzytomankton abundance and concentrations of inorganic nitrogen {(N-NH4; N-NO3: N-NO2) and silica
well,

OISCUSSIONS

:‘é?l:%_ of phytoplankton community of the nearshore area of the Gulf of Riga show essential
3gniﬁat'ons of phytoplankton structure in both- in space and in time. Spatial distribution revealed
com Ca.n‘t changes in phytoplankton biomass, chiorophyll a concentrations as well as species

Position along the horizontal and vertical line. Due to the significant fluctuations of hydroiogical

N



and hydrochemical parameters along the coastal zone caused by rivers input and irregular local
pollution, heterogeneous distribution of phytoplankton community in the littoral and sublittoral do not
allow to distinguish any general tendencies in the phytoplankton horizontal distribution. Nevertheless
analysis of phytoplankton standing stock at the nearest (10m) sublittoral stations show an increase in
total phytoplankton biomass in the eastern part of the Gulf and in the station Daugava river (Fig. 4; 7).
Increased values of phytoplankton biomass opposite the mouth of the river Daugava and in the
eastemn part of the Gulf during the most productive seasons (spring, summer) revealed good
conditions of mineral nutrition, that may be related with freshwater runoff influence opposite the mouth
and in eastward direction.
No stabile difference in phytoplankton abundance was found between the western (Melluzi) and
eastern (Saulkrasti) parts of littoral zone. Fluctuations of phytoplankton standing stock as well as
difference in phytoplankton species composition of the mentioned stations revealed a pressure of
iregular local pollution. it was especially expressed in summer season, when at the both parts of the
Gulf (westem and eastern) an essential difference between the dominance of systematic groups and
of species composition was to be observed (Fig.2; 3). Although in summer in both stations a decrease
of diatoms and increase of cyanobacteria abundance was observed, in some cases the role of
diatoms, demanding high level nitrogen concentrations, was marked (13.06; 28.06; 13.07- station
Saulkrasti; 28.06; 16.08; 29.08- station Melluzi). Particularly it was manifested at the station
Saulkrasti, where the role of nanoflagellates was important (Fig.2; 3).
Totaly in nearshore area a more homogeneous horizontal distribution was found in autumn and winter
seasons. The influence of freshwater runoff and local pollution to the horizontal distribution of
phytoplankton is more visible in most productive seasons - spring and summer. DIN/DIP ratio play
significant role in phytoplankton horizontal distribution.
In comparison with the offshore areas, the nearshore area usually is characterised by higher values of
Phytoplankton standing stock, primary production and chlorophyll a concentrations [4; 5; 8; 26 - 30].
The mentioned tendecy is more obvious during spring and autumn seasons [30]. In summer due to
the occurrence of nitrogen fixing cyanobacteria, this tendency is less expressed and could be opposite
[31]. However, an increase of phytoplankton abundance from offshore to nearshore in the Gulf of Riga
was found (4; 5; 8; 26; 27; 30) , in the nearshore area due to variable environmental conditions no
®xpressed positive trend of phytoplankton abundance from sublittoral towards littoral was to be
observed.
An essential difference in phytoplankton distribution along the vertical line show seasons with
EXpressed water stratification (summer and early autumn), when the highest densities of organisms
W_efe found in the upper water layer with a maximum of cyanobacteria in 0-10m layer and
dinoflagellates - above the thermocline. Below thermocline an expressed decrease in cyanobacteria
and dinoflagellates abundance was observed. In stations with prevalence of mixotrophic diatoms
Sceletonema costatum [32; 33] , vertical stratification show the dominance of Sceletonerna in upper
Water layer. Seasons with distinct water turbulence (late autumn, winter, spring) show more
homogeneous vertical distribution of phytoplankton with more or less expressed phytoptankton
abundance in the upper water layer during spring bloom.
Temporal studies show marked differences in seasonal dynamics of phytoplankton community
Structure and reveal a significant role of environmental factors in the formation of phytocenosis of the
“_eﬂrShore area of the Gulf of Riga. Values of phytoplankton biomass and chlorophyll a concentrations
‘;'ﬁer Con_siderabky between seasons and show that major peaks appear in spring (Table 1; Fig.2; 4;
|e)§ réaching 28g/m3 and 0.034g/m3 of biomass and chlorophyll a, respectively, followed by 1 or 2
S expressed maximums during summer and autumn. In comparison with spring, summer bloom
Was characterised by lower values of phytoplankton biomass with a maximum 4.1g/m3. Biological
autumn was characterized by relatively high values of phytoplankton standing stock and chlorophyil a
?“Centfations, caused by large size diatoms, nevertheless an irregular character of autumn maxima
as feglstered. A significant positive correlation between phytoplankton abundance and environmental
gor:jﬂions- pH and oxygen content during vernal and summer blooms speak about intensity of primary
uction.
:::é‘_a‘ Success.ions show significant changes in phytoplankton species composition from cold water
Spec:es of arctic-boreal complexes (temperature optimum <10°C) t_juring spring to the warm water
Cha;s of summer. Decrease in the role of diatoms (Thalassiosira baltica, Achnanthes taeniata,
0cerus spp., Melosira spp.) and dinoflagellates (Pendiniella catenata) - dominating in vemal



bloom assemblage, and increase of cyanobacteria (Aphanizomenon flos-aquae, Nodularia spumigena,
Snowella lacustris, Anabaena spp.), dinoflagellates (Dinophysis acuminata) and small flagellates
during summer were observed. In littoral stations the role of Monoraphidium contortum occurring in
eutrophied waters and able to consume organic phosphorus (Simonis, Urbach, cit after 26) was
observed.

Annual studies of phytoplankton communities structure show its close relations with the dynamics of
hydrological and hydrochemical conditions and reveal that annual cycle of physical factors (water
temperature, irradiation, water stratification) and nutrient concentrations is mainly responsible for the
development of phytoplankton in the nearshore area of the Gulf._ Increasing
iradiation and water temperature could be the main factors triggering the spring bicom. Studies by
Niemi [34] , Kaiser and Schulz [35] show that the main factors initiating the spring bloom in the open
Baltic Sea are the irradiation and water column stability.

A significant positive correlation between diatoms abundance and concentrations of inorganic nitrogen
during spring and summer reveal that nitrogen is one of the most important factor regulating
development for diatoms in the nearshore area of the Guif in both seasons. The dominance of
diatoms in winter period can be explained by their ability to accumulate food and preserve their
floating ability in the cold and relatively dense water.

Considerable changes in phytoplankton community structure occur in summer- under nitrogen limited
conditions, when development of species capable to use molecular forms of nitrogen or dissolved
organic substances was observed. Water stratification, water temperature and DIN/DIP ratio play
significant role in the development of summer phytoplankton community. High values of cyanobacteria
standing stock (max. 2.0 g/m3) constituting expressed summer bloom in the nearshore area of the
Gulf of Riga in 1994/95 , were determined by water stratification, water temperature above 17°C, and
low DIN/DIP ratio. According to publications [40; 41; etc.) as well as our investigations in the Gulf of
Riga, water temperature is considered to be the most significant factor in the development of nitrogen
fixing cyanobacteria in brackish and marine water. Upwelling phenomena play a significant role in
increased intensity of the cyanobacteria, too (36). Initiation of cyanobacteria bloom usually is
observed after a stormy weather period when water turbulence ensures upwelling of phosphorus-rich
water masses after which sunny and calm weather follows allowing the formation of strong thermal
stratification. Studies of Niemi [37], Rinne et al. [38] revealed that the bloom of nitrogen fixing
Cyanobacteria was controlled by a good supply of phosphorus combined with favourable hydrographic
fiond‘rtions. At the same time the phosphate addition experiments with natural plankton populations
Indicate different growth responses for two main bloom forming cyanobacteria species of the Baltic
Sea - Aphanizomenon flos-aquae and Nodularia spumigena, explained by essential differences in
ph‘<3SDhorus uptake kinetics and assimilation (39). A significant positive correlation between nitrogen
fixing cyanobacteria abundance and concentrations of total phosphorus and a negative one - with
Concentrations of inorganic nitrogen revealed that development of cyanobacteria during summer
bloom in the Gulf of Riga is phosphorus limited and is not controlled by DIN availability. It expiains
that the increase of nitrogen fixing cyanobacteria during summer is possible to observe in conditions
of low DIN/DIP ratio.

Seasonal changes in species diversity index show a decrease of it during intensive development of
Phytoplankton. Minimum values of species diversity index were observed during the spring and
SUmmer blooms. Increase in diversity index at the end of spring and summer bloom (Shannon index
>2.0) was marked with maximal values during spring- summer (May) and summer-autumn
(September-October) passage pefiods. According to annual studies of species composition, maximum

diversity ig reached by diatoms composing 46% of the total number of species in the nearshore area
of the Gulf of Riga.
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Table 1
LIST OF PHYTOPLANKTON SPECIES AND THEIR AVERAGE BIOMASS IN THE UPPER WATER LAYER

OF THE NEARSHORE AREA OF THE GULF OF RIGA IN 1994/1996 (SUBLITTORAL).

3 g 3 & 3 8 3
Taxa i & 5 @ Z 2 s
Cyanophyta
Nostocophyceae
ANABAENA SPIROIDES 5.00 19.81 5.00 294
ANABAENA FLOS-AGUAE 5.27
APHANIZOMENON FLOS-AQUAE 16.14 4105 387.81| 97332 11.32 15.18 28.92
CHROOCOCCUS TURGIDUS 1.59 1.12 8.36 0.80
LIMNOTHRIX PLANCTONICA 0.86
MERISMOPEDIA ELEGANS 7.86
MERISMOPEDIA PUNCTATA 112 1.12 0.68 0.84
MICROCYSTIS AERUGINOSA 2.25 2.89 2.43 237 1.50
MICROCYSTIS REINBOLOII 0.56
MICROCYSTIS WESENBERGI! 225 8.23 1.12
NODULARIA SPUMIGENA 14985 167.93 13.35
FLANKTOLYNGBYA LIMNETICA 1.16 0.43 2.89 0.51
PLANKTOTHRIX AGARDHII 0.28
SNOWELLA LACUSTRIS 53.53 10.14 11.78 3357 156.30 5408 13961
WORONICHINIA COMPACTA 337 466 3.37 69.05 7.16 6.73
Chromophyta
Chryzophyceae
DINOBRYON BALTICUM 1.95
SYNURA UVELLA 0.45
Diatemophyceae
ACHNANTHES TAENIATA 9,62 729.34 3.58 3.46 1.02
ACTINOCYCLUS OCTONARIUS 652.38 16.84| 387.41
AMPHORA OVALIS 1497 7.48 561 13.47
AMPHORA SP, 561
ASTERIONELLA FORMOSA 1153 7.06| 1864 |
AULACOSEIRA ITALICA
VAR.TENUISSIMA 14.04 2561 1283
“ALONEIS AMPHISBAENA 3.37
“HAETOCEROS AFFINIS 31.02
“HAETOGEROS CRINITUS 15.44
“HAETOCEROS DANICUS 388 375 1.86 239 4.22 279
-HAETOCEROS HOLSATICUS 10.91 149.37 1.14 0.68 1.39
HAETOCEROS SIMILIS 13.59 12.22

EH‘\ETOCEROS WIGHAMI| 14.60 21283 1.62 1.82 232 168 1.61
“HAETOCEROS sP. 432
“UCCONES PEDICULUS 225 4.49 196|  se1| 224 207
.zoscmomscus GRANII 369.80 89.82 105.90 6517 13034
“TCLOTELLA RADIOSA 64.80 22.08 57.91 337 3.37
'(;:;LOTELLA SP. 21.33 82.73 1.12 39.17 77.22

BELLA HELVETICA 561
E::;gm ELONGATUM 54.23 24021 4042 112 112 4.49 168
NTomo VULGARE 28.55 63.22 6.74 14.70 11.72
FRa NEIS PALUDOSA 10.10
FME:SEIA CAPUCINA 532 8.06 8.17 2.69
L GILARIA CONSTRUENS 0.22 10.94




8 8 3 8 3 8 3
Taxa n 1) a @ 3 2 z
FRAGILARIA CROTONENSIS 268 3.14 3.37 1.35 0.67 1.23
MELOSIRA ARCTICA 23.39 150.82 99.65
MELOSIRA ISLANDICA 7.75 1362 29.08
MELOSIRA LINEATA 9.36 11.23
MELOSIRA MONILIFORMIS 4042 3368
MELOSIRA NUMMULO!DES 2176 83.90 36.44 164
MELOSIRA VARIANS 29.40 33.01 25.54
MERIDION CIRCULARE 743 5.24 2.24
NAVICULA CRYPTOCEPHALA 1.68 404 6.46 1.35 0.98
NAVICULA TRIPUNCTATA 1.35
NAVICULA LANCEOLATA 212 292
NAVICULA MENISCULUS 1.46 2.92
NAVICULA RYNCHOCEPHALA 257 4.49
NAVICULA SP. 2.99 179 2.25 16.06 3.47
NITZSCHIA ACICULARIS 7.02 11.38|  166.57 0.81 0.60 0.69
NITZSCHIA FRIGIDA 213 6.43 1.80
NITZSCHIA LONGISSIMA 4.04 9.43
NITZSCHIA SIGMOIDEA 31.78 26.95 26.94
RHOICOSPHENIA CURVATA 0.94 0.44 0.66
SKELETONEMA COSTATUM 5.59 2685 25202 13705 37.31 5.54 0.90
SKELETONEMA SUBSALSUM 38.27 351 2.10
SYNEDRA ACUS 8.84 393 19,65 3.93
SYNEDRA ULNA 13.38 9.60
TABELLARIA FENESTRATA 17.80 1.68 168
THALASSIONEMA NITZSCHIOIDES 6.74
THALASSIOSIRA BALTICA 6602.83|  11551.01|  200.31| 167.07| 330.80| 2608.1B| 714.94
THALASSIOSIRA LEVANDERI 10.86 8.85 6.06 21.05|  197.02
THALASSIOSIRA PSEUDONANA, 2.60 1.29 1.49 0.99 0.13
Dinophycean
AMYLAX TRIACANTHA 1.23 6.68
UINOPHYSIS ACUMINATA 21.77 20.21 69.90 85.26 30.18 26.94 25.61
UINOPHYSIS NORVEGICA 22.46
EBRIA TRIPARTITA 1.04 1.04 1.24 18.68 2.05 1.00 0.58
CLENODINIUM PAULULUM 255 9.30 337
GYMNODINIUM LANTZSGHiI 0.56
SYMNODINIUM SP. 4.48 4126 4.69 3.3
HETEROCAPSA TRIQUETRA 7.65 14,24 1.73 314 13.30 1.57
KATODINIUM ROTUNDATUM 14.85
EEQ‘IE:NIELLA CATENATA 521.65 1230.24 17.81
NIOPSIS BALTICUM 35.00 12.91 20.70 6.93

PERIDINIOPSIS POLONICUM 17.42 3.37 4.63
PHALACROMA ROTUNDATA 246 2248 6.4
??DROCENTRUM BALTICUM 1.57 1.10 1.24 1.32 111 0.79 1.57
“"OROCENTRUM SCUTELLUM 1.12 0.54 0.28
"ROTOPERIDINIUM BIPES 17.96 17.96|  3367| 1796
:-ISCO)I?)EERIDWIUM BREVIPES 24.81 21.47 19.09 11.45 .54 9.54
e 2 PERIDINIUM PELLUCIDUM 22.46 11.22
“Yhtophyceae
fHROOMONAs BALTICA 1.89

EMSELMIS VIRESCENS 17.27 231 4341|4242 5186 655 10543
IRHLT%(;;ELMS PROLONGA 9.17 6.94 9.11 6.10 12.20 4.96 10.83|
e UMONAS BAL TICA 5.29 24 61




3 g 3 2 3 g 3
g g 2 2 E E 3
5 5 E E g g s
@ & a @ 2 2 z
Taxa
RHODOMONAS MARINA 28.96 18.02 50.67
TELEAULAX ACUTA 74.32 27.03 42.85 39.83 71.41 36.03 19.46
TELEAULAX AMPHIOXEIA 43.04 2331 43.24 2820 63.99 55.70 33.33
Chlorophyta
Chlorophyceas
ANKISTRODESMUS FALCATUS 1.17 505 0.21
ANKISTRODESMUS FUSIFORMIS 118
AGTINASTRUM HANTZSCHII 2.43 1.01
BOTRYOGOCCUS BRAUNI 449
CLOSTERIUM ACUTUM 11.86
|CLOSTERIUM GRACILE 1.11
COELASTRUM MICROPORUM 24.45 8.15
DICTYOSPHAERIUM PULCHELLUM 6.91 450 460
MONORAPHIDIUM CONTORTUM 14.03 15.88 434 21.64 59.69 6.45 20.68
MONDRAPHIDIUM SCUTELLUM 0.28
0OCYSTIS BORGEI 8.98 5.61 457 6.78 10.11 8.02 258
00CYSTIS SOLITARIA 7.02 210
0OCYSTIS SUBMARINA 2.89 8.17 15.48 6.90 271
PEDIASTRUM BORYANUM 27.10 27.10 3185 12.04 13.55 13.55
PEDIASTRUM DUPLEX 415 12.02 4.15 1.73 2.07
PEDIASTRUM TETRAS 4.49 1.12
SCENEDESMUS ACUMINATUS 7.69 5.44 6.05 302 1.51 1.51
SCENEDESMUS ELIPTICUS 210 1.80 112 6.12 0.84 1.91
SCENEDESMUS QUADRICAUDA 3.59 234 6.47 372 6.43 0.65 1.89
Euglenophyceae
EUGLENA VIRIDIS 337 337 3.37
EUTREPTIA LANOWII 1.01 15.72
Prasinophyceae
PYRAMIMONAS SP. 2827 19.71 83.42 46.01 24.25 10.77



Table 2
THE VALUES OF PHYTOPLANKTON STANDING STOCK (MG/M3) IN THE NEARSHORE AREA
(SUBLITTORAL) OF THE GULF OF RIGA IN DIFFERENT SEASONS 1994/1996 (0-10M LAYER).

Spring Summer Autumn Late
autumn

uy -

. s |2 | F g8 s |z ]3¢

: Flor | 3 [E| B |3]E| g ||

3 & & | = |5 5 |33 |2]|:

@ @ < 5
Nostoco-  [Min. 6.3 5.5 55 1.7 161.8 1.7 1.3 253 1.3 818
phyceas Max. 242.7 93.0| 2427| 17095 2014.0| 2014.0] 4585 119.9| 4585 2865
mg/m3 Mean 59.9 17.6 77.4] 3937 10687| s855| 1379 68.2| 120.8] 1616
sSD 422 243| 198.0] 415.0 547.0| 547.0] 917 249| 86.0 45.6
n 720 13.0 850| 880 2rpo| 9s50| 770 250 1020 66.0
Diatomo-  [Min. 105.9| 44173 9.6 0.1 54 0.1 04 219 04| 1834
phyceas Max. 24600.9| 19867.5| 24690.9] 3737.0| 1121.8| 3737.0| 2704.5| 5487.0| 5487.0] 24271
mg/m3 Mean 6862.8| 12754.1| 75268 2218 190.8| 211.5| 247.1| 25150| 802.9] 7806
SD 5152.3| 4642.1| 5553.8] 550.6 2522 471.9| 4622 1160.8| 12008] 4776
n 720 14.0 86.0] 49.0 240 730] 71O 250| 102 66.0
Dino- Min. 06 123.0 0.8 0.8 7.1 0.8 0.4 22 0.4 16
phyceae Max. 3006.0| 2752.5| 3006.0] 348.0 5659 5659 810 85.1| 81.0] 1235
mg/m3 Maan 2726| 1106.2| 3915 653 849 713 199 04| 200 22.4
SD 538.0 856.7| 660.8| 66.9 1102| 825| 165 156 16.2 19.3
n 67.0 14.0 81.0] s1.0 270, 880] 630 19.0 8.2 54.0
Chloro- Min. 0.9 7.8 0.9 0.3 112 0.3 8.3 0.7 0.7 47
phyceae Max, 61.8 52.8 61.8| 164.2 1738| 1738] 1900 288 190.0 495
mg/m3 Mean 221 228 22| 189 478 273] 638 11.3] 512 26.1
SD 16.2 11.6 155| 306 303| 33| 421 75| 432 10.3
n 72.0 14.0 86.0| 65.0 270/ 920] 760 240 1000 66.0
Crypto- Min. 10.4 1.8 18] 130 417 130 116 43| 43 58.8
rhyceae Max. 531.3 161.8| s5313] 7015 2351 7015| 5448| 271.7| 5448] 3278
mg/tn3 Mean 94.6 35.5 84.9] 1099 1026 107.8] 1489 725 1302 154.8
SD 93.9 452 00.4| 100.0 493 832 1208 627 113.3 54.3
[ n 720 14.0 geo] 680 270 950 77.0 250 102 66.0|
Total Min. 2243| 45758 2243] 1389 3284 139.9] 652 1710/ 652| 3812
Biomass Max. | 281428 21578.4| 28142.8| 4074.0| 24455| 4074.0] 3105.8| 5636.9| 5636.9| 27742
mym3 |Mean 7304.3| 130482 82578| 737.8] 14902 9520] e26.1| 2681.9| 11300] 14413
sD 5429.1| 5378.6| 59108| 636.4 621.3| 716.8] 502.1| 11458| 11364 4818
. n 72.0 14.0 84.0| 69.0 270/ 90| 770 250| 102.0 66.0
Chloro- Min, 38 1.7 1.7 16 0.1 0.1 0.7 09 0.7 0.5
Phyll 3 Max. 34.3 12.1 343 104 133 133] 131 78| 131 76
mym3 Mean 19.3 8.1 18.2 a1 48 43 54 5.6 55 37
S0 76 3.1 45 20 39 28 26 16 2.4 1.2
N n 420 19.0 61.0] 69.0 260/ 950] 760 250/ 101.0 58.0




Table 3

AVERAGE VALUES OF HYDROCHEMICAL PARAMETERS IN DIFFERENT SEASONS 1994/19896 IN THE NEARSHORE AREA OF THE GULF

Season Area Layer Temp. |pH S Dlss.oxyg. |Dlss.oxyg. (BODS |NH4 |N02 | NO3 |Tol-N | PO4 |Tol-P | Sliica [DINID!P
oC %0 mifl sat.% mg/l umolil
Spring Subllttoral
1995|surface 5.1 B.66 4.05 10.54 121.8 1.4 1.6 0.46 21.8 0.5 1.08 10.4 564
0-10m 36 8.62 472 10.24 114.2 1.1 15 0.43 171 0.57 1.02 7.3 4141
bott.30m 1.2 B.3 563 9.114 95.8 1.2 29 0.48 10.2 1.38 1.49 6.4 121
1996 | surface 53 85 .57 10.13 17 19 08 0.74 48.2 99.9 0.52 2.41 14.3 g7.1
G-10m 32 8.38 4.36 8.7 106.8 14 09 0.69 30.2 732 048 1.88 9 829
bolt.30m 0.4 nm 6.1 8.8 67.9 0.6 1.7 0.28 12 38.3 1.03 1.59 221 13.6
Littoral
1995 | surface 4.4 8.49 4.79 B.62 101.7 1.45 1.97 0.54 16.94 0.59 0.89 24 KX
1996 |surface 7.75 8.56 24 9.67 117.2 213 1.6 0.44 746 1101 04 092 M3 191.6
Summer |Sublittoral .
1994|surface 21.7 B.66 4.04 6.1 101.8 15 0.22 25 0.33 072 11
0-10m 19.7 8.58 4.38 586 901 1.3 0.19 1.7 0.35 0.68 10
bott.30m 36 7.58 5869 4.22 47.3 13 0.47 8.4 0.74 0.88 222
1995 surface 17 872 4.82 6.57 166.2 16 0.3 0.03 0.3 328 0.03 0.98 34 19.5
0-10m 15.7 B.61 493 6.31 84.3 16 i1 0.07 1.1 326 0.08 0.93 43 28.8
, bolt.30m 25 8.08 561 6.32 69 0.8 26 0.21 79 2938 0.35 1.06 1.7 40.6
Littorai
1995| surface 18.4 8.73 46 6.81 106.4 2.95 15 0.03 0.04 5486 0.12 1.25 582 131
Autumn  |Sublittoral
1894 surface 129 8.13 477 6.44 97.2 1 0.18 6.2 16.6 0.38 0.87 9.6
0-10m 12 8.02 497 5.89 96.5 1 0.16 1.2 171 0.39 0.92 10.2
bott.30m 8.7 7.52 5.56 556 585 0.7 0.21 15.4 19.2 1.04 1.19 18.6
1995| surfaca 104 8.38 521 7.15 94,5 08 08 0.22 4 281 1.1 1.1 21 226
0-10m 10.4 8.37 522 77 9.6 08 0.8 0.1 4 26.2 1.1¢9 1.19 27 219
bott.30m 8.9 8.1 54 5.94 771 08 1.1 0.23 8.9 27.7 1.74 1.74 9.8 18.4
Littoral
1995|surface 9.95 B4 4.9 1.57 99 1.17 1.25 0.18 518 37.41 0.44 0.76 11.55 15.05
Late Sublittoral
autumn 1994|surface 43 8.19 472 8.46 958 0.8 15 0.26 18.4 1.04 1.71 19.3 19.7
0-10m 4.4 8.17 5.02 8.35 95.3 0.7 1 0.21 18.2 1.01 1.64 16.5 18.1
bott.30m 5.1 8.12 5.59 8.01 93.3 1.2 0.6 0.19 12.1 0.86 1.48 13.4 16.3
Littoral
1995| sudace 1.5 8.35 4.78 9.2 9G 75 0.88 2.2 az 12 3 3G A2 3 59, 0 o3, 1175 249




Corellations matrices for nearshore area of the Gulf of Riga.

Table 4

Spring 19951996 Chla Nostoco.  Diatomo. Dino. Chloro. Crypto.  it.tot.biom.
Chla 1.00
Nostoco. 0.06 1.00
Diatomo. “*0.46 -0.02 1.00
Dino. .45 0.10 **0.57 1.00
Chloro. 0.14 0.12 ~0.34 40 40 1.00
Cryplo. 0.18 “0.24 *0.22 *0.29 (47 1.00
Fit tot.biom. (.48 0.00 1.00 ~0.65 (.37 *0.25 1.00
Temp. 0.11 0.17 *0.29 (.52 =0.41 ~0.55 ~0.34
Seki =036 0.04 019 0.21 0.07 =0.33 021
pH =038 0,34 0.19 ~0.33 0.19 ™0.43 *0.22
cl 0.1 0.02 "0.25 =047 038 *0.28 ~.0.28
S 0.1 0.02 *0.25 .0.47 0,38 ~0.28 =028
o2, 046 *0.24 ~0.34 00 43 0.19 ~0.39 (.37
Saturat. 038 *0.24 037 (52 =0.31 (.52 0,41
BODIS (.32 019 0,56 061 *0.25 0.08 (.59
NH4 0.16 0.15 =032 ~.0.31 ©0.01 0.01 =033
NO2 0.08 =0.28 (.52 ~0.40 0.13 0.00 053
NG3 0.06 0.19 *0.33 ~0.33 0.13 0.02 ~0.34
PO4 0.21 0.09 *0.27 062 =034 ~0.29 =.0.33
Tot-P 0.02 0.00 0.14 ~0.29 *0.25 0.04 0.11
Silica .29 -0.08 0.02 0.10 ~0.30 0.14 0.00
PN =032 =+*_(0.45 0186 0.15 *0.23 0.06 -0.18
PC 0.06 *_0.31 *0.27 0.21 0.04 0.09 ~.0.30
DON 020 ~0.33 *0.24 0.16 ~0.33 0.04 *0.25
Summer1994-1995 Chla Nostoco. Diatomo. Dino. Chioro. Crypto.  it.tot.biom.
Chia 1.00
Nostoco, *0.26 1.00
Diatom, 0.18 0.07 1.00
Dina. 017 0.01 0.13 1.00
Chiora, 0.11 0.14 0.11 “0.29 1.00
Cryplo. 0.20 *0.21 0.11 0.19 036 1.00
FiLtot biom. =0.33 0,79 057 0.02 031 *0.24 1.00
Temp. 0.22 -0.06 0.11 0.13 0.20 +0.28 0.02
Seki 007 =035 0723 0.09 ~0.31 0.02 0.03
pH ~0.27 —0.42 0.00 0.04 0.02 0.22 0.37
cl 0.16 0.17 ~+0.60 ‘0.24 0.10 *0.22 0.20
5 0.16 0.17 059 *0.24 0.10 0.2 020
02.mi *0.28 =*0.51 017 003 0.16 0.22 (.54
Saturat. *0.32 ~=0.39 0.18 0.08 0.05 ~0.29 ~0.45
8015 0.06 =032 0.06 0.13 0.07 0.18 ~0.30
NH4 =027 042 0.04 0.1t ~036 0.03 050
NO2 006 ~.0.43 0 45 0.15 0.05 0.10 012
NO3 001 ~0.30 *+=0.49 0.18 0.05 011 007
Po4 0.23 —0.41 0.07 0.15 0.16 0.01 ~0.33
Tot-p 0.01 -0.25 007 0.00 =037 0.00 0.23
Slea 0.03 .52 0.08 0.14 0,05 0.01 =039

P05, ~ P>0.01, * P>0.001



Table 4 conl.

Autumn 1994-198 Chia Nostoco. Diatomo. Dino. Chloro. Crypto.  it.tot.biom.
Chia 1.00
Nostoco. 0.18 1.00
Diatomo. 0.07 0.15 1.00
Dina. 0.12 0.05 0.00 1.00
Chloro. **0.32 ***0.40 042 0.16 1.00
Crypto. 0,40 0.05 035 *0.24 043 1.00
Fit tot biom. 0.15 -0.06 ~0.99 0.05 ~0.33 *0.24 1.00
Temp. “+0.40 ~*0.33 ~0.27 *0.20 0,50 0,40 019
pH ~*0.44 017 ~0.41 0.24 0.17 0.12 Q.47
ct w037 045 =038 0.06 ~0.31 *0.20 ~0.35
S w037 w045 0,38 0.06 ~0.31 *0.20 0,35
02,mi "~0.49 ~0.28 037 0.23 *0.25 0.15 w044
Saturat, 0.04 0.07 044 (.43 *0.35 046 041
NH4 0.10 0.02 =070 0.00 *0.25 ~0.27 070
NO2 0.17 005 ~0.26 0.14 .33 ~0.26 *0.23
NO3 036 0.2 022 ~0.28 ~032 024 =029
PO4 ~.0.29 0.08 0.18 w034 0,20 ~.0.30 *0.23
Silica ~.0.28 0.02 ~_55 017 0.07 0.01 058
TolN =057 0,33 ~.0.50 0,47 ~0.30 0.06 *0.43
PN 0.18 ~.0.30 0.04 0.08 044 -_0,32 ~0.30
PC 0.03 0.14 **0.44 0.06 *+0,32 0.05 *0.23
Winter 1994 Chi a Nostoco. Diatomo. Dino. Chioro. Crypto.  ft.tot.biom.
Chia 1.00
Nastoco. 0.19 1.00
Diatomo, 0.23 0.1 1.00
Qina, 005 0.2 *0.26 1.00
Chioro. 0.13 0.09 0.16 0.12 1.00
Crypto, 0.03 0.07 0.1 0.02 002 1.00
Fit lotbiom. 0.25 0.21 ~+0.99 0.24 0.19 0.01 1.00
Temp, 0.16 0.12 ~0.62 0.1t 0.10 001 ~0.63
Sexi 060 ++0.60 005 0.06 0.05 0.24 -0.11
pH 0.16 0.08 =061 0.28 0.18 0.21 0,59
G 0.02 0.07 ~0.50 ~.0.32 0.25 0.06 050
S 0.02 0.07 ~0.50 ~0.32 0.25 0.06 0,50
02mi 0.20 0.20 060 *0.26 0.06 0.08 0,60
Saturar 0.20 0.23 =037 *0.26 0.04 0.11 =037
BOOIS 0.06 0.13 0.11 0.17 0.4 003 0.11
NH4 0.10 0.06 033 0.18 0.19 0.13 034
NO2 0.0 £0.08 ~.0.54 *0.31 0.16 0.04 053
NO3 0.11 000 =034 0.09 0.08 0.05 =035
PO4 0.23 0.05 003 003 o 0.04 004
To-p *0.29 0.10 0.21 0.07 0.06 0.05 0.19
i‘:ﬁ 0.00 0.12 047 *0.27 ~0.28 0.01 048
o0 0.13 0.03 024 0.10 0.20 0.24 +0.27
—~—— 0.24 0.14 011 Q.11 *0.28 ~.0.41 014
P>005, = p>0,01. *= P>0.001
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Abstract: In mid-July 1996, water from a station in the Gulf of Riga, somewhat
influenced by river discharge, was filtered through 150 um mesh. Ten-litre aliquots
were spiked with different combinations of nutrients and exposed for ten days to
natural light. The different dissolved inorganic nitrogen pools became exhausted,
while significant amounts of phosphorus and silicon remained available. Ammonium
was taken up before nitrate; but the nitrate-preference index indicated that, in some
cultures nitrate uptake could have started at ~7.5 pM ammonium. In the original
assemblage 29 species were found, belonging to five algal phyla. Cryptophytes and
chlorophytes dominated the numbers, while diatoms and cyanobacteria contributed
most to the total biomass. Though dinoflagellates contributed little to the numbers,
the toxic species Dinophysis acuminata contributed 5 % of the total biomass.
Although not present in final assemblages, the diatom Skeletonema costatum was
the fastest grower during the first three days of culture, with 1.3 to 1.7 div. day™. The
Cyanobacterium Microcystis reinboldi also grew fast during these three days, with 0.5
to 1.7 div. day'1, then its growth slowed. In contrast, growth rates of the chlorophyte
Oocystis borgei and of the cyanobacteria Microcystis wesenbergii and Snowella
lacustris were highest between day 3 and end of the culture period, with >1 div. day’



' At the end of the culture period, 17 out of the original 29 species had disappeared,
including all the dinofiagellates but one, and all the diatoms but one. Only one
cyanobacterium out of five disappeared, however, but species numbers of both
chlorophytes and cryptophytes halved. The chlorophyte Oocystis borgei increased its
biomass from 7.7 % to 51.0 % of the total, while the cyanobacteria Microcystis
reinboldii and Snowella lacustris increased theirs, respectively from 0.1 % to 10.8 %,
and from 12.4 % to 63.5 %. The nine other species were not eliminated, but their
contributions to both the final standing stocks and biomasses were lower than in the
original assemblage. Five species not found in the original assemblage were
recorded at the end of the experiment. These species were the cyanobacterium
Microcystis wesenbergii, which grew in all cultures (1.8 to 18.4% of final biomass)
and four other species that were significantly present on occasion: the chlorophyte
Scenedesmus acutus, the cyanobacterium Merismopedia punctata, and the diatoms
Fragilaria crotonensis and Thalassiosira pseudonana. Additionally, the euglenophyte
Eutreptiella gymnastica and the prasinophyte Prasimonas sp., were not seen in the
initial community, but each became a significant component of most in most of the
cultures after 3 days, only to disappear again (in all but one treatment) by the end of
the culture period, however. Overall, the cryptophytes were a large or the largest
component of the standing stock after three days, while diatoms contributed most to
the total biomass; nonetheless, contribution by other taxa was still significant. At the
end of the experiment, chlorophytes and cyanobacteria were the dominant taxa,
while contributions by other taxa to both the standing stock and the biomass were
negligible, except in iron- and (Co+Mn+Mo)-supplemented cultures.

In cultures to which iron had been added, the nitrogen yield index was
significantly higher than for similar nutrient conditions but without iron: 1.4 - 1.5 ug
chiorophyll a. pug at” N, i.e. 2.4 times the corresponding mean value in other
cultures, and higher than the value usually reported (1.1). The ability to sustain
growth from uptake of DOM and N, fixation, combined with production of allelopathic
substances may have enabled the cyanobacteria to dominate the assemblages by

the end of the culture period, 10 days after the start.

Introduction



Eutrophication is a major environmental problem in the Baltic Sea (Richardson,
1990; Nehring, 1992). An increase in algal biomass is the most commonly
observable consequence (Horstmann, 1975; Cederwall and Elmgren, 1990; Schulz
et al., 1997). Change in the phytoplankton community structure has been also
marked (Wuiff et al., 1986). One striking change has been the increased distribution
in space and time of toxic phytoplankton blooms (Kahru ef al., 1994, Leppanen et al.,

1995; Balode, 1996).
Nitrogen has been most invoked as the principal nutrient limiting the algal growth

potential in the Baltic Sea (Sen Gupta, 1972; Fonselius, 1978; Granéli et al., 1990;
Kivi et al,, 1993). Waters influenced by river discharge are different, however. Lignell
et al. (1992) observed that phytoplankton carbon uptake rate and biomass were P-
limited in a fjord-like inlet with low salinity on the south-west coast of Finland,
whereas in the open sea both nitrogen and phosphorus were equally limiting.
Pitkdnen and Tamminen (1895) showed that from the river Neva to the open part of
the Gulf of Finland, there were associated gradienis of salinity, nutrient ratio and
limiting nutrients: phosphorus was the single limiting nutrient in the river, nitrogen
was first limiting and phosphorus was the second limiting nutrient in the transition

zone, while nitrogen was the single limiting nutrient in the open gulf.

Human activities have significantly increased the input of nitrogenous and
phosphorus nutrients to estuarine and coastal waters. In contrast, the silicon
concentration has remained constant or has even decreased in river discharge, as a
result of large blooms of diatoms stimulated by loading of nitrogen and phosphorus
in freshwater, and subsequent exhaustion of the natural silicon content before mixing
with seawater (Schelscke and Stoermer, 1972; Egge and Aknes, 1992). Hence, by
and large, along with increased eutrophication in coastal waters, N:Si and P:Si
nutrient ratios have increased (Rahm et al.,, 1996), and silicon limitation has become
potentially more likely (Officer and Ryther, 1980; Conley et al, 1993; Ragueneau et
al., 1994).

In the Gulf of Riga, on the basis of dissolved inorganic nutrient ratios recorded in
late 1980s (from February to October 1989), Yurkovskis et al. (1993) inferred that
the phytoplankton in the whole gulf was phosphorus-limited, while in the Baltic proper
nitrogen was the limiting nutrient. From these results as well as from those showing
that the open-sea waters of the Baltic are currently nitrogen-limited (Granéli et al.,
1990; Kivi et al, 1993), Péder and Jaanus (1995) suggested that a shift from
phosphorus to nitrogen limitation should be expected in the Irbe Strait area, which
Separates the Gulf of Riga and the Baltic Proper. Samples collected in summer
1993-94 did not show any shift from the gulf to the open sea, however, as nitrogen
was the limiting nutrient in both the Baltic Proper and the Gulf of Riga. Further,



records of nutrient concentrations and comparison with previous long-term data
showed (Yurkovskis et al., 1994) to show that drastic changes have occurred in the
Gulf of Riga in the 1990s. Since late 80s or early 90s, the mean nitrate concentration
has progressively decreased: from ~18 pM in 1991 to ~10 pM in 1993, in the upper
(0-10 m) layer, in February; and from ~3.5 pM in 1989 to ~0.5 yM in 1994, in the
same layer, in August, while in deeper (20-50 m) waters in August, they have
decreased from ~22 puM in 1991 to ~5 pM in 1994. During the same period,
concentrations of phosphorus have risen, leading to a situation of nitrogen limitation.

From DIN:DIP [(NO3+NO,+NH,):PQO,] values and enrichment bioassays carried
out with the cyanobacterium Microcystis aeruginosa and the diatom Phaeodactylum
tricornutum, Maestrini et al. (1997) concluded that phosphorus was the most limiting
nutrient in the nitrogen-rich waters that occur in early spring in the southern-eastern
part of the Gulf, an area influenced by river discharge; in late spring, with the
decrease of the total dissolved inorganic nitrogen (DIN) pool, nitrogen and
phosphorus played similar roles. In deeper layers of this area and on the western
side of the gulf, out of the freshwater plume, nitrogen was the limiting nutrient. in
summer, when river discharge was lowest, all DIN concentrations were low and the
whole area was nitrogen-limited. On some occasions, iron also appeared to be a
potential secondary limiting nutrient. In contrast, no results suggested that silicon
might limit the phytoplankton biomass.

Overall, since the 90s, potential phytoplankton biomass in the Guif of Riga is
mostly nitrogen-limited. Similar conditions have been suggested as favouring
cyanobacterial dominance (Howarth et al., 1988), since nitrogen fixation is supposed
to impart a competitive advantage to diazotrophic species in nitrogen-poor waters. In
the Guif of Finland, both Niemi (1979) and Kononen et al. (1996) showed that
blooms of the nitrogen-fixing species Nodularia spumigena and Aphanizomenon flos-
aquae began in late summer, after an increase in temperature and a decrease in
DIN:DIP to values far lower than the Redfield (1934) ratio. On the other hand,
fixation of gaseous nitrogen requires sufficient availability of iron (Capone et al.,
1990; Rueter et al., 1990; Paerl et al. 1994).

Here we report nutrient uptake, increases in algal biomass, and related changes
in the species composition resulting from experimental nutrient enrichments in a
natural summer assemblage of water slightly influenced by river discharge.

Methods



Surface water was collected on 15 July 1996, 300 meters off Dubulti beach (1 meter
depth), in the south-west coast of the gulf slightly influenced by river discharge (Fig.
1). Seawater was filtered through 150 ym mesh to remove micro-grazers, and
distributed into sterile 10-1 polycarbonate carboys. Then, spike nutrient enrichments
were spiked in (table 1); nitrogen was provided as nitrate, except in two cultures
(numbers 7 and 9) which received nitrate plus ammonium, and one culture (number
4) which was supplemented with urea. The carboys were installed in groups of three
or four in large bowls filled with water from a natural pond; the temperature did not
vary more than ~4°C within 24 hours; the mean temperature was 18°C. Cultures
were exposed to natural light.

Cultures were shaken at feast twice a day. Ammonium (Koroleff, 1969) and
phosphate (Murphy and Riley, 1962) concentrations were immediately measured
using manual protocols. Other nutrients were analysed later in deep-frozen
subsamples by means of a Skalar autoanalyzer: nitrate (reduced to nitrite according
to the protocols of Strickland and Parsons, 1972), nitrite (Bendschneider and
Robinson, 1952), silicon (Mullin and Riley, 1965), urea (Koroleff, 1976). Chlorophyll a
(Jespersen and Christoffersen, 1987) was determined after filtration through
glassfibre fitters (0.45 um equivalent). Phytoplankton samples (0.2 litre) were
preserved with acid Lugol's soiution and counted according to Utermohl (1931). For
calculation, the counting unit was a filament or a colony for cyanobacteria and most
chlorophytes, and was a cell for other groups and unicellular chlorophytes. Biomass
was calculated as biovolume according to the Baitic Marine Biologists’
recommendations (Edler, 1979).

Results

In all cultures, uptake of DIN began without any lag phase, while the phytoplankton
biomass increased regularly (Fig. 2). By the end of experiment, in all cultures but
two, the DIN pool was almost exhausted: the respective initial concentrations
decreased by 93 - 99 % (x = 96, s = 2.0; N = 10), either in nitrogen-limited or
phosphorus-limited conditions (table 2). in the control, however, only 34 % of DIN
was taken up; in culture 6, the most phosphorus-limited (DIN:DIP = 44), only 80 % of
the initial DIN was taken up. When ammonium was present with nitrate (cultures 7
and 9), it was taken up before nitrate. Ammonium concentration had greatly
decreased by the time uptake of nitrate started (Fig. 3); nevertheless, nitrate was
taken up before exhaustion of ammonium. In culture 4, to which urea was added at a
Concentration of 27.5 pM, the final concentration was 1.5 pM, thus showing an

impartant uptake of this nitrogen source. In contrast, no uptake of natural urea could



be discerned during the experiment. In a few cases, the initial concentration (2.5 pM)
had slightly increased by the end of the culture period, with the average final
concentration being 3.2 pM (s = 0.86, N = 3). In other cultures, urea concentration
decreased to a mean value of 1.2 uM (s = 0.80, N = 8), but it never became
exhausted. Uptake of natural urea hardly ever contributed to the total nitrogen
uptake, and when it did it was only slight; it will be neglected hereafter.

The external dissolved inorganic phosphorus (DIP) pool never became
exhausted. The maximum total DIP uptake was 82 % of the initial DIP pooil (table 2},
while the mean DIP uptake was 73 % (s = 8.9) of the initial pool. Only in cultures 1
and 7, which initially contained 7.58 uM and 3.88 uM DIP, respectively, did the DIP
concentration decrease progressively until the end of the culture period. In the other
eight cultures, the minimum in DIP concentration occurred a few days before the
end of the culture period. By the end of the culture period, the DIP concentration had
increased again, with the final value representing an average increase of 28 % (s =
14.5, N = 9) over the minimum.

In cultures without Si enrichment, total uptake of silicon was low but the water
never became silicon-exhausted; mostly, the initial concentration (3.3 uM) decreased
to 1.6 pM (table 3). But silicon increased to twice the initial value, the average final
concentration being 6.6 uM (s = 1.47, N = 7). With silicate-enrichment (cultures 7 to
10), the silicon concentration decreased sharply; total silicon uptake ranged from 7.7
to 21.1 yg at. I Nevertheless, at the end of the culture period, large quantities of
silicon remained available in three out of these four cuitures, although in one culture
there remained only 1 pg at. I si.

During the last phase of culture (days 3 to 10), the phytoplankton biomass
increased significantly in all cultures. In the unenriched control culture, although
practically no inorganic nitrogen was taken up, the chlorophyll a content increased
from 7.6 ug ", to 15.9 Hg I'". In all nutrient-enriched cultures, the increase in
chlorophyll a concentration ranged from 21.8 pg to 133.6 ug I, thus indicating high
metabolic activity. The maximum in chlorophyll a occurred between days 4 and 7
(Fig. 2). Then, in most cuitures chlorophyll a decreased markedly; while in the
others, the decline in chlorophyll had only just started when the experiment was
ended. In the presence of iron (cultures 8 and 10), the maximum chlorophyll a
concentration was 2 to 6 times that in cultures without added iron; the respective
ranges of values were 131.2-133.6 and 21.8-66.6 pg I (table 2).

In the natural assemblage in the seawater used for the experiment, 29 species
were found, belonging to five algal phyla: Chlorophyceae, Cryptophyceae,
Bacillariophyceae, Dinophyceae and Nostocophyceae (Table 4). The number of
counting units was dominated by cryptomonads (65.3 % of the total numbers), and



chlorophytes (28.6 %), with the dominant species Plagioselmis prolonga (40.8 %),
Monoraphidium contortum (26.6 %) and Hemiselmis virescens (18.1 %). Most of the
biomass was provided by diatoms and cyanobact_eria respectively representing
33.5 % and 22.6 % of the total biomass.? The species most abundant in terms of
biomass were Thalassiosira baltica (31.5 %), Snowella lacustris (12.4 %) and
Monoraphidium contortum (10.4 %).

Dinoflagellates were less abundant in terms both of counting-unit number and
biomass. Although representing only 0.2 % of the counting units, the toxic species
Dinophysis acuminata contributed 5 % to the total biomass.

Many species did not survive long under experimentally modified conditions.
Three days after addition of the spike enrichments (table 5), most dinoflagellates and
most chlorophytes were no longer evident in counts. In contrast, although they were
absent in the final assemblages, two species, Skeletonema costatum and Teleaulax
amphyoxeia, did grow during the first three days. The diatom S. costatum was the
faster grower, its division rates in the ten different spike treatments ranging between
1.3 and 1.7 div. da\y'1 (table 6). The highest growth rate occurred under phosphorus-
limited conditions (cultures 6 and 8), irrespective of the presence or absence of
silicon in the spike addition. Growth rate in the cryptophyte T. amphyoxeia was
somewhat more variable, with six values ranging between 0.7 and 1.2 div. day'1, and
others 0.4 div. day"1 or less: the highest growth rates occurred with DIN:DIP >16,
On occasion, six other species showed significant growth, but did not significantly
contribute to the total biomass, and their growth rates did not reflect any obvious
specific trends (table 6). At the end of incubation, 17 out of the 29 original species
had disappeared (table 5), and in particular all dinoflagellates but one (Dinophysis
acuminata) and alt diatoms but one (Thalassiosira baltica). In contrast, only one
cyanobacterium out of the five disappeared. The numbers of chlorophyte and
Cryptophyte species halved.

Twelve species recorded in the initial assemblage were still present in the
different final assemblages. Among them, one chlorophyte (Oocystis borgei) and two
Cyanobacteria (Microcystis reinboldii, Snowella lacustris) clearly thrived better than
companion species in all but a few nutrient-enriched waters. O. borgei increased its
fractional biomass from 7.7 % to 51.0 % (x = 24.4, s = 11.2, n = 10) (table 7). The
fractional biomass of M. reinboldii increased from 0.1 % to a maximum of 10.8 % (x
=6.7,s=6.6, n = 9), and that of S. Jacustris from 12.4 % to as much as 63.5 % (x =
436, s = 151, n = 10). The nine other species were not eliminated, but their
contributions to both the final respective standing stock and biomass were lower than
In the original assemblage.



Five species not found in the original assemblage were recorded at the end of
the experiment (table 7). The cyanobacterium Microcystis wesenbergii was present
in all cultures, including the unenriched control; it contributed from 1.8 to 18.4 % to
respective final biomasses (x = 9.3, s = 6.0, n = 11). Other species were significantly
present on occasion: the chlorophyte Scenedesmus acutus in seven cultures out of
eleven, the cyanobacterium Merismopedia punctata in six cultures, and the diatoms
Fragilaria crotonensis and Thalassiosira pseudonana in three. M. punctata, F.
crotonensis and T. pseudonana showed the best growth in metal-supplemented
media (cultures 8, 9 and 10). The euglenophyte Eutreptiella gymnastica and the
prasinophyte Prasimonas sp., also not seen in the initial community, were a
significant component of most phytoplankton assemblages after three days of
culturing. On average, they represented altogether 11.3 % (s = 9.9, n = 10) of the
total counting units, and contributed 4.3 % (s = 2.7, n = 10) to the total biomass. In
all but one culture where they represented <0.1 % of the biomass, they had
disappeared at the end of culturing.

Overall, after three days of growth, cryptophytes were an important or the major
component of the total numbers of counting units, while diatoms contributed most to
the total biomass; nonetheless, the contribution by other taxa was still significant
(Fig. 5). At the end of experiment, chlorophytes and cyancbacteria were the
dominant phyla, with contribution by other phyla to both the standing stock and the
biomass being negligible, except in iron-supplemented and (Co+Mn+Mo)-
supplemented cultures.

Discussion

Nitrate uptake is often considered to stop when ammonium concentration exceeds a
certain threshold and to resume when algal assimilation has decreased the
ammonium concentration below this value. On the basis of experiments made with
several planktonic algal cultures, Eppley et al. (1969) established the specific
ammonium threshold range to lie between 0.5 and 1.0 uM. Further research carried
out with natural assemblages supported this finding (Maclsaac et al., 1979; Garside,
1981).

Inspection of nutrient concentrations over time in our ammonium-enriched
Cultures clearly indicates that nitrate was taken up only when ammonium
concentration had greatly decreased (Fig. 3), thus following classical ideas on
ammonium preference. Nitrate uptake started before ammonium concentration had
decreased below 1 pM. The relationship between the nitrate-preference index and

ammonium concentration (Fig. 4) suggests that in some cultures, uptake of nitrate



started at ammonium concentration of ~7.5 yM. Such a value falls in the range of
other >1 uM thresholds (Maestrini ef al., 1986; Dorich, 1990). Some of the other
plots were unclear, however, which might have resulted from inadequacy either in
the sampling strategy (only one nutrient analysis per day), or in the relative-
preference-index approach (Tamminen, 1995; Stolte and Riegman, 1996).

Sometimes urea is preferred to nitrate (Sérensson et al., 1989) and may be an
important nitrogen source for Baltic phytoplankton (Tamminen and Irmisch, 1996).
Moreover, Sahlsten et a/. (1998) and Tamminen (1995) reported that during the log
phase of blooms nitrate is greatly preferred to ammonium, which results in profound
changes in species composition when the nitrate pool becomes exhausted. In the
urea-supplemented culture (number 4), urea concentration significantly decreased,
but the pool was not exhausted by the end of the culture period. Similarly, the urea
naturally present in the other cultures was taken up first, leading to a decrease in
concentration, but we never observed total depletion. Overall, our results support the
existence of nitrogenous nutrient uptake mechanisms more complex than that of
Eppley et al’s (Joc.cit.) concept, but further research is needed to determine the
respective uptake dynamics of different nitrogen forms and the consequences for
species selection.

The two ratios, A chlorophyll a:total DIN uptake (the nitrogen yield index, lyy) and
A chiorophyll a : total DIP uptake (the phosphorus yield index, lyp) each indicates that
different responses were shown by the phytoplankton to the nutritional conditions
(table 2). The value for I of 24.4 calculated for the control culture, should be
regarded with caution because the DIN concentration was close to the detection
limit. For this reason, analytical precision could have been poor, and furthermore
uptake from an N pool other than DIN could have been significant. Values of Iy
under nitrogen-limited and N-P balanced conditions 0.9 (s = 0.13; N = 4: cultures 1 to
4; table 1) were significantly higher than for P-limited conditions with no iron addition
0.6 (s =0.15; N = 4; cultures 5, 6, 7 and 9; table 2). Hence, the mean value of lyn,
0.9, for N-limited conditions was only slightly lower than the value, 1.1 Hg
chlorophyll a . ug at"N, reported for most species growing under nutrient-replete
conditions (Healey, 1975), but lyn halved when phytoplankton biomass was limited by
P. I,p showed an opposite trend although the difference was smaller: 16.0 (s = 2.78)
Hg chlorophyll a. pg at™ P under N limitation and 20.8 (s = 6.61) ug chlorophyll a .
Hg at” P under P limitation. These trends are roughly consistent with the concept of
the limiting nutrient with cell quotas for nutrients (Droop, 1974). To remain in exact
keeping with the model, however, the ratio of two yield indexes should have been
equal to Redfield's (1934) value, 16, but in this study lyp /Iyn = 242, This

discrepancy might have resulted from the large species differences in chlorophyli-a
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counting unit numbers (Hitchcock, 1980; Maestrini and Kossut, 1981, Moal ef al.,
1987; Montagnes et al., 1994) and also from the possible roles played by other
nutrient(s) not involved in the calculations.

in cultures 8 and 10, to which iron was added, chlorophyll a reached a maximum
concentration between 131.2 and 133.6 ug I respectively, 2 to 6 times that attained
in cultures lacking iron. The nitrogen yield index and the phosphorus yield index were
significantly higher than under similar nutrient conditions but without iron. As shown
in Table 2 (cultures 8 and 10 compared with 7 and 9), with added iron, values of Iy
were 1.40 and 1.49 compared to values of 0.73 and 0.74 without iron. Those of lyp
were 45.7 and 46.7 with added iron (21.1 and 23.3 without). Thus spiking with iron
increased lyy and lyp by respective factors of 2.4 and 2.2. Adding iron increased yield
indices relatively more when nutrients were replete (32% higher than when N was
replete and 263% higher than when P was replete).

Fundamentally the enhanced ratio of chlorophyll-a content to biogenic-element
uptake might have resulted from one or a combination of three different
mechanisms: (i) iron was the limiting nutrient in nitrogen- and phosphorus-enriched
cultures, (ii) cells increased their chlorophyll-a content in the presence of iron, (iii)
forms of nitrogen and phosphorus other than DIN and DIP were taken up.

Although the role of iron has been stressed mostly for oceanic regions (Martin
and Fitzwater, 1988; Zettler et al., 1996), it is also limiting on occasion in coastal
waters (Tranter and Newel, 1963; Glooschenko and Curl, 1971; Glover, 1978; Wells,
1991). No such role has been indicated for iron so far in Baltic phytoplankton,
although iron did appear as a secondary limiting nutrient for the potential biomass for
one cyanobacterium and one diatom test strain in other waters in the Gulf of Riga
(Maestrini et al., 1997). Now, at least 40 to 90 % of the iron transported by the Ore
River (western Baltic) in freshwater aggregates and then sediments out when the
salinity reaches 4 to 5 psu in the estuary (Forsgren et al., 1996). So some waters
might be iron-poor even in the coastal zone. Therefore, if the water we used had
been iron-poor when the nitrogenous and phosphorus compounds were added, iron
would have become the nutrient limiting phytoplankton biomass. Accordingly, cells
would then have been likely to take up nitrogen and phosphorus in excess, leading to
low I\ and lyp. In contrast, when our cultures were supplemented with iron, nitrogen
or phosphorus may then have become the limiting nutrient; explaining why luxury
Uptake did not then occur. If, as a working hypothesis, we suppose that the original
water sample was iron-poor, then comparison of phosphorus-limited conditions
(cultures 8 and 10, supplemented with iron) with iron-limited conditions (cultures 5, 6,
7 and 9, with no iron addition) still leaves one feature unexplained: Why under the

Supposedly iron-limited conditions was Ip twice the average value in nutrient-



balanced conditions? We will now propose an other mechanism as a possible
explanation.

Since iron is a critical constituent of the enzyme complex, nitrogenase (Capone
et al., 1990; Paerl et al., 1994; Chen et al., 1996), diazotrophic cyanobacteria are
very dependent on the availability iron as a nutrient (Rueter et al., 1992). Addition of
iron might thus have critically stimulated any measurement of N, fixation, however,
and would then offer a possible explanation for the increased nitrogen yield index. In
the absence of N,-fixation measurement, this potential contribution must remain, for
the time being, a conjectural working hypothesis.

Some algae grow in culture with organic compounds as sole source of nitrogen
(Droop, 1961; Flynn and Butler, 1986, Berman ef al., 1991). Field research has also
proved that urea is an important nitrogen source for phytoplankton in some coastal
waters (McCarthy, 1972; Fernandez et al,, 1996; Tamminen and !rmisch, 1996).
Moreover, Sérensson et al. (1989) reported an uptake rate for urea up to five times
that for nitrate in water on the western coast of the Baltic. In the Chesapeake Bay,
dissolved free amino-acids also sustain a significant part of algal growth (Glibert et
al., 1991). Moreover, Palenik et al. (1988-89) showed that some phytoplankters
utilise various forms of DON without initial transport into the cell, by using cell-
surface enzymes to degrade these forms into NH4, while Tranvik et al, (1993)
observed ingestion of proteins such as ferritin, casein and albumin by heterotrophic
flagellates. Although the experimental evidence is not less abundant, dissolved
organic phosphorus has also been reported to sustain phytoplankton growth both in
the laboratory and in the field (Kuentzler, 1970; Perry, 1972; Taft et al, 1977;
Cembella et al., 1984; Heath, 1986 (to be checked); Nishijma et al., 1989). If organic
sources were indeed the reason for the increased lyy and lyp, the role of iron addition
would then remain partly conjectural.

Culturing and nutrient enrichment both changed phytoplankton community
structure. The Shannon diversity index, H, in the initial assemblage was 2.41 when
calculated from numbers of species counting units, and 3.39 when calculated from
respective biomass. Both in the unenriched control and in all nutrient-enriched
Cultures but one, H calculated from counting unit numbers first increased, as
reflected by values of H increasing 5 % in the control culture, and 11% to 30 % in the
other cultures (table 8). Values of H based on biomass showed rather different
trends, as most values by Day 3 were lower than on Day Zero, however. By the end
of the culture period, H calculated from biomass data had decreased 25% to 58 % in
all cultures. The smallest observed value of H, 1.41 (table 8) occurred in culture 6,
which also had the highest observed DIN:DIP ratio, 44.8 (table 1).
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The fall in H resulted from both the disappearance of several species (table 5)
and the advantage taken of greater nutrient availability by several other species.
The cyanobacterium Microcystis reinboldi was the best adapted to take up and to
quickly assimilate the available nutrients, illustrated by the fact that its average
growth rate within the first three days ranged between 0.5 and 1.7 div. day'1
according to the culture conditions (table 10), before declining later. In contrast,
growth rates of the chlorophyte Oocystis borgei and the cyanobacteria, Microcystis
wesenbergii and Snowella lacustris, were highest between day 3 and the end of the
culture period, all showing division rates > 1 div. day'1. Similar but less rapid was the
chlorophyte Scenedesmus ellipticus whose division rate ranged between 0.4 and 0.9
div. day'1 in the seven cultures in which it grew.

Competition for nutrients has hitherto been considered a major mechanism
determining species dominance and both temporal and spatial succession in
phytoplankton. Under nutrient replete conditions, fast-growing species are expected
to outcompete slow growers (Dugdale, 1967; Eppley et al., 1969; Maestrini and
Bonin, 1981; Tilman et al., 1982; Sommer, 1986).

The diatoms Skeletonema costatum and Thalassiosira pseudonana are fast-
growing species able to adapt easily to temperature and salinity changes; T.
pseudonana grows in salinities from 0.5 to 32 psu. Both species commonly show
growth rates >2 div. day'1 at temperatures of 15to 20°C. Even higher values,
respectively 3.6 and 4.3 div. day‘1, have been recorded on occasion (Bonin et al.,
1986; and references therein). In contrast, most coastal planktonic cyanobacteria do
not grow in nutrient-replete conditions as fast as these diatoms. Foy et al. (1976)
recorded division rates at 20°C between 1.1 and 1.6 div. day’' (Anabaena flos-
aquae. 1.1 div. day’1, Aphanizomenon flos-aquae: 1.4 div. day", Oscillatoria
agardhii: 1.2 div. day’1, and O. redekei. 1.6 div. day‘1), but measurements made
under 24-h ilflumination very likely overestimated growth rates. Gibson (1985), who
investigated the effects of irradiance and L:D on specific growth rates of Oscillatoria
redekei, O. agardhii and Aphanizomenon flos-aquae, found all values at 15°C to be
<1div. day': ie. ~0.7, ~0.6 and ~0.9 div. day', respectively. Tett et al. (1985)
similarly reported the growth rate of Oscillatoria agardhii to be 0.7 div. day” under
continuous light, and 0.6 div. day'1 in 14:10 light:dark (L:D) cycle. Other values of the
maximum possible growth rate, ymax reviewed by Robarts and Zohary (1987) for four
Anabaena species, Aphanizomenon flos-aquae, three Microcystis species and
Oscillatoria agardhii, were found to range from 0.18 to 0.81d™" (0.3-1.3 div. day™).
On the other hand, Zevenboom and Mur (1984) reported for a natural population of
Microcystis aeruginosa a division rate of 0.018 div.h at the start of the light period,



equivalent to a maximum 0.4 div. day'1 when calculated with a typical summer 14:10
L:D period.

Accordingly, one would have expected to have the diatom Skeletonema
costatum as a dominant species in the final assemblage. This did not happen,
although its mean division rate during first three days fell in the range 1.3-17
div. day”' (table 6). On the contrary, it disappeared during last seven days of
culturing. Thalassiosira pseudonana was below the detection level in the initial
community, but it was present at visible concentrations in cultures 8 (Fe-spiked), 9
(metal-mix spiked) and 10 (spiked with both). Nowhere did it represent a significant
fraction of final biomass, however (table 7).

The absence of any diatom in the silicon-supplemented culture (culture 7, table
7) surprised us. Decrease of silicon loading in coastal waters is thought to push the
outcome of species competition towards nonsiliceous harmful species (Smayda,
1990; Sommer, 1996). Thus, the experimental addition of silicon was expected to
counterbalance any such effect and thus to favour diatoms. Since this effect did not
happen, we tentatively suggest that a mechanism other than competition for
resource acquisition was responsible for the final dominance of cyanobacteria.
Furthermore, since grazing selection was greatly reduced by removal of
microzooplankters, mechanisms other than nutritional may have been responsible
for the observed dominance of cyanobacteria.

The production and the release into the water by living cells of organic
compounds (ectocrines) which are inimical at a distance to other organisms in the
same community have been stressed as an important mechanism in aquatic ecology
(Lucas, 1947; Whittaker and Feeny, 1971; Rice, 1984). Antialgal ectocrines
produced by algae were already considered to play an important role in
phytopiankton species competition (Lefévre, 1964). Though several reported results
have not been free from pitfalls (Maestrini and Bonin, 1981), published results show
that allelopathy (Molish, 1937) greatly helps some species to achieve dominance by
either inhibiting bacterial attack, diminishing competition for resources, repelling
grazers and/or delayed poisoning of herbivores. It has also been suggested (Gentien
et al, 1990, Maestrini and Granéli, 1991, Subba Rao et al, 1995) that algae
belonging to diverse taxa, produce allelopathic substances as a strategy. Production
of antibacterial and algicidal substances by cyanobacteria is also well documented
(Gleason and Baxa, 1986; Bagchi et al, 1990; Chetsumon et al., 1993: and
references therein). Keating’s observations, made over a 5-year period, indicated
that diatom blooms varied inversely with the cell concentration of the preceding
Cyanobacteria populations. A succession of dominant cyanobacteria was also

recorded. Bioassay experiments showed that dominant species produced only
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inhibiting effects (or none) on the species immediately preceding their increase, but
importantly they showed only beneficial effects (or none) on those immediately
succeeding them. Each cyanobacterium species thus appeared to produce a
substance inhibiting most or all diatoms, but effects antagonistic to diatoms were
notably decreased when strains isolated from other waters were used for
comparison (Keating 1977, 1978). Similarly, Bagchi et al. (1990) isolated one
Oscillatoria species that exhibited a strong inhibitory effect when photo-
autotrophically co-cultured with a green alga and a cyanobacterium which had
bloomed before it in situ. Furthermore, Nizan et al. (1986) and Lampert (1987)
showed that cyanobacteria such as Anabaena and Microcystis species can create
environments unfavourable to grazers, either by the production of a deterrent
substance and/or by being lethal after ingestion. Therefore, it is likely that the
Anabaena and Microcystis species that dominated final assemblages of our
experiments gained the upper hand over companion species at least partly by
producing and releasing substances inimical to them. To our knowledge, such ability
is unknown in Snowella lacustris, but might occur just like in other species.

In summary, the ability of some cyanobacteria to sustain growth using nutrients
other than inorganic ions, combined with the production of allelopathic substances
may have led to the overall cyanobacterial dominance in the final experimental
assemblages. To what extent these resuits reflect what could happen in the natural
environment of the Gulf of Riga, is an open question. Discussion of mechanisms by
which cyanobacteria become dominant can be found in Carr and Whitton (1982),
Paerl (1988, 1996), Carpenter et al. (1992), and Sellner (in press). The specific
capabilities most invoked are the (i) production of strong gas vacuoles which
produce buoyancy and help to concentrate of cells in the upper layer, which in turn
(i) helps them to use PAR and (iii) helps them to shade out algae lower down in the
water column, (iv) their remarkable resistance to U.V. irradiation, (v) their ability to fix
N, and (vi) their production of toxic and/or allelopathic substances. Environmental
conditions which favour blooms of cyanobacteria are (a) stability and stratification of
the water column, (b) warm weather, (c) high incident PAR, (d) high concentration of
allochthonous DOM, (e) high concentrations of inorganic nutrients, (f) high N:P:Si
ratios and (g) high concentrations of available micronutrients.

Blooms of cyanobacteria in the Gulf of Riga are in no way a new phenomenon:
first records go back to 1908 (Nikolaev, 1953). Nonetheless, their occurrence and
distribution have greatly increased since the 1980s. Data collected from 1972 to
1992 (Balode, 1994) shows that in the early 70s cyanobacteria represented < 1 % of
the summer coastal phytoplankton biomass, but about 30 % by the late 80s. Similar
trends occurred in the central waters of the gulf, where the fractional biomass of
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cyanobacteria increased from < 10 % to ~50 %. In both these areas, however, the
total phytoplankton biomass did not significantly increase. On the other hand, since
the 90s, blooms of the nitrogen-fixing species Aphanizomenon flos-aquae and
Nodularia spumigena have become frequent in summer (Balode and Purina, 1996).
These trends have been mostly related to the decrease in the DIN:DIP ratio
(Kostrichkina et al., 1996; Yurkovskis et al., 1996), as well as to the overall nitrogen
limitation detected from bioassays in summer 1996 (Maestrini et al., 1997).

Several dominant Microcystis species of our final assemblages grown under N-
limited conditions are not N-fixing organisms. Is the preceding scheme of nitrogen
limitation, pushing to N, fixation and therefore favouring dominance of N,-fixing
species, thus only apparent? The growth rate of any autotrophic unicellular species
is a function of external concentration of nutrients and physical factors, mostly
temperature and PAR energy, and is species specific. On the other hand, the
maximum biomass that can be sustained in the absence of losses is theoretically
given by the ratio of the subsistence quota (sensu Droop, 1974) to the pool of all
chemical forms of the limiting nutrient that can be taken up by the algae. It is
therefore possible for the growth rate of a given species to be non-limited, when its
potential biomass is nevertheless nutrient-limited.

In our experiment, in most spike-enriched conditions, the cyanobacteria M.
aeruginosa, M. wesenbergii and Snowella lacustris and the green alga Oocystis
borgei showed the best growth rates (table 9) during the iast part of the culture
period, when the pool of dissolved inorganic nutrients had been greatly depleted
(Fig. 2). Therefore, they may use another source of nutrients. Indirect estimates
made with bioassays using M. aeruginosa indicated that about 4 pg-atom N I might
have been taken up in the form of organic compounds (Maestrini et al., 1997).

Low levels of silicon relative to nitrogen and phosphorus have hitherto been
thought to push the outcome of species competition in coastal waters towards
summer harmful species (Smayda, 1990, Sommer, 1996). In the Gulf of Riga,
Yurkovskis et al. (1993) found no silicate limitation in the 1980s, but recent data have
shown silicon now acts as a limiting nutrient during the spring bloom (Yurkovskis,
personal communication). Addition of silicon to the summer water we collected,
however, did not restore the growth capability of diatoms relative to that of
cyanobacteria. Accordingly, we suggest that silicon-resource competition may not be
an important mechanism in determining the summer phytoplankton community
structure.
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Figure captions

Figure 1. Position of the sampling station (Dubulti) in the Gulf of Riga. Arrows

indicate main current direction.

Figure 2. Typical variation with time during culture experiments, of DIN (uM), DIP
(uM) and chlorophyll a (ug I'1) concentrations. Examples shown: top left - control
(DIP:DIN = 1.8; low nutrients); top right - culture 1 (DIP:DIN = 6.7); lower left - culture
7 (DIP:DIN = 2.4, added Si); lower right - culture 8 (DIN:DIP = 2.4, added
Si+Co,Mn,Mo).

Figure 3. Typical variation with  time during culture experiments, of NH,
concentration (UM) and NO;+NO, concentration (pM).

Figure 4. Relative preference index (%) of nitrate uptake versus ammonium
concentration (uM); best plot obtained. The formula for calculation was given by
Maestrini et al. (1986), as a modification of that in McCarthy et al. (1977); 100 %
maximum nitrate uptake rate, 0 % : no nitrate uptake.

Figure 5, black and white version
Figure 5. Relative contribution (%) to the standing stock (two top sub-figures) and
total biomass (two bottom sub-figures) of the Chlorophyceae (left-hatched section of
bars), Cryptophyceae (stippled), Bacillariophyceae (right-hatched), Dinophyceae
(white), Nostocophyceae (black) and some other few species (vertical-hatched), in 3-
day (two left sub-figures) and final assemblages (two right sub-figures) grown in the
different spike-enriched cultures.

Figure 5, color version
Figure 5. Relative contribution (%) to the standing stock (two top sub-figures) and
total biomass (two bottom sub-figures) of the Chlorophyceae (green section of bars),
Cryptophyceae (orange), Bacillariophyceae (magenta), Dinophyceae (yellow-gold),
Nostocophyceae (blue-green) and some other few species (black), in 3-day (two left
sub-figures) and final assemblages (two right sub-figures) grown in the different
spike-enriched cultures.
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Table 1. Initial nutrient conditions in the control (unenriched) and the spiked cultures.
DIN: Dissolved inorganic nitrogen; DIP: dissolved inorganic phosphorus (uM); Met. =
Co, Mn, Mo

Limiting
Reference * DIN (uM) DIP (uM) DIN:DIP major Other addition
nutrient
Control 1.0 0.55 1.8 N

1 51.0 7.58 6.7 N

2 46.4 3.93 11.7 N

3 51.3 3.83 13.4 N

4 ** 60.6 3.97 15.3 N,P Urea

5 89.8 3.93 22.8 [

6 51.1 1.14 44 .8 P

7 92.0 3.88 23.7 P Si

8 91.4 3.88 23.5 P Si, Fe

S 92.2 3.93 23.6 P Si, Met.

10 941 3.96 23.7 P Si, Fe, Met.

* nitrate + nitrite +ammonium + natural urea
** including added urea at 27.5 ug at It
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Table 2. Total (pg atom Iy and fractional uptake (%) of DIN (Upin) and DIP (Ugp), change in
chlorophyil a concentration (A-Chl-a (pg.l’1 - maximum value minus initial concentration), and
yield indexes (Ilyn = A Chl-a/Upy; Iyp = A Chl-aUpp). Total uptake is initial concentration

minus lowest concentration.

Uoi Upp A Chl-a
Reference pg-at.I” pg-atl”! (%) (ug.I" Tyn Iyp
(%)
Control 0.3 (34) 0.30 (54) 8.3 72440 27.6
1 49.7 (97) 473 (62)  40.1 0.81 8.5
2 43.6 (94) 3.10 (79) 44 8 1.03 1456
3 496 (97) 3.09 (81) 44 .0 0.89 14.2
4 57.0 (94) 3.18 (80) 411 0.72 12.9
5 83.8 (93) 3.23 (82) 37.7 0.45 117
6 41.0 (80) 0.80 (68) 21.8 0.53 27.3
7 90.1 (98) 2.97 (77) 66.6 0.74 233
8 89.7 (98) 2.86 (74) 133.6 1.49 4867
9 89.6 (96) 311 (79) 65.2 0.73 21.1
10 93.4 (99) 2.87 (72) 131.2 1.40 457
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Table 3. Initial, minimum and final silicon concentration (UM), and overall net uptake or
regeneration of silicon (ug atom. I'1). Total uptake is initial concentration minus lowest

concentration; regeneration is final concentration minus initial concentration.

Overall uptake or regeneration

Culture Initial (M)  Minimum (uM)  Final (uM) Uptake Regeneration
Control 3.3 3.3 6.3 - 3.0
1 3.3 16 8.2 - 49
2 3.3 2.6 8.1 - 4.8
3 3.3 1.6 5.6 - 26
4 3.3 16 7.8 - 4.5
5 3.3 1.7 55 - 2.2
6 33 1.7 4.5 - 1.2
7 223 1.5 1.5 211 -
8~ 221 3.9 8.2 13.9 -
9= 233 7.7 7.7 15.6 -
10> 19.4 6.2 1.7 7.7 -

* samples spiked with silicon.



Table 4. Original phytoplankton assemblage: list of species, absolute species-counting-unit

(C.U.) concentration (103 I'1) and species-counting-unit concentration as percentage of total

number of counting units, species biomass (ug I") and relative biomass (%) versus total

biomass. Shannon’s index was 2.41 (in terms of standing stock) and 3.39 (biomass).

Counting unit Biomass
concentration
Species 10°C.U. I % ng I’ %
1
Chlorophyceae
Dictyosphaerium puichellum 0.75 <0.1 0.84 0.1
Monoraphidium contortum 339.53 26.6 84.88 10.4
Oocystis borgei 15.71 1.2 62.83 7.7
Oocystis submarina 1.12 <0.1 2.24 0.3
Scenedesmus ellipticus 7.11 0.6 7.11 0.9
Scenedesmus quadricauda 1.5 0.1 1.74 0.2
Total for the group 365.71 28.6 159.64 19.6
Cryptophyceae
Chroomonas baltica 3.74 0.3 1.12 0.1
Hemiselmis virescens 231.65 18.1 17.37 2.1
Plagioselmis prolonga 521.21 40.8 62.54 77
Teleaulax acuta 38.61 3.0 27.03 3.3
Teleaulax amphyoxeia 38.61 3.0 16.22 20
Total for the group 833.81 65.3 124.28 15.3
Bacillariophyceae
Chaetoceros wighamii 5.98 0.5 2.99 0.4
Cyclotella radiosa 1.5 1.1 4.49 06
Navicula menisculus 1.12 <01 1.46 0.2
Navicula rynchocephala 2.24 0.2 4.49 06
Skeletonema costatum 6.73 0.5 2.69 03



Thalassiosira baltica
Total for the group

Dinophysis acuminata
Peridiniopsis polonicum
Gymnodinium sp.
Heterocapsa triquetra
Katodinium rotundatum
Protoperidinium bipes
Total for the group

Anabaena flos-aquae

Aphanizomenon flos-aquae

Microcystis aeruginosa
Microcystis reinboldii
Snowella lacustris
Total for the group

5.24
22.81

Dinophyceae

2.24
0.75
112
5.24
1.12
1.12
11.59

Nostocophyceae

4.86
16.08
2.99
1.12
17.95
43.01

0.4
1.8

0.2
<0.1
<0.1

0.4
<0.1
<0.1

0.9

0.4
1.3
0.2
<0.1
1.4
3.4

256.56
272.68

40.39
2.24
4.49
7.33
1.68

17.95

74.09

8.17
67.47
5.98
1.12
101.29
184.03

30

31.5
33.5

50
0.3
0.6
0.9
0.2
2.2
9.1

1.0
8.3
0.7
0.1
12.4
226




Table 5. List of species present in the original assemblage which disappeared during

culturing in the different spike-enriched aliquots; see table 1 for culture numbers; O:

unenriched control. -3 indicates a species not seen after three-day culturing, -10 indicates a

species not present at the end of culturing, +: species was present.

Species in

Reference of Experiment

original assemblage 0 1 2 3 4 5 6 7 8 9 10
Chlorophyceae
Dictyosphaerium 3 3 3 3 3 3 3 -3 -3 -3 3
pulchellum
Oocystis submarina 10 3 3 3 3 3 -3 -10 -3 -3 -3
Scenedesmus -0 3 -3 -10 -0 -3 -3 + -3 -10 -10
quadricauda
Cryptophyceae
Chroomonas baltica 3 3 3 -10 10 -0 -3 -3 -3 -3 -3
Teleaulax acuta -3 -10 10 -3 -3 3 -0 -3 -3 -3 -3
Teleaulax amphyoxeia -10 -10 -3 -0 -10 -10 -10 -10 -10 -10 -10
Bacillariophyceae
Chaetoceros wighamii -0 + -3 -0 -10 -0 -3 -3 -3 -3 -10
Cyclotella radiosa -10 -3 -3 -3 -3 3 10 -3 -3 -3 -3
Navicula menisculus 3 3 3 3 3 3 3 -3 -3 -3 3
Navicula rynchocephala 3 3 3 10 -3 -10 -10 -10 -3 -3 -3
Skeletonema costatum -0 10 -10 10 -10 -10 -10 -10 -10 -10 -10

Dinophyceae



Glenodinium paululum
Gymnodinium sp.
Heterocapsa triquetra
Katodinium rotundatum
Protoperidinium bipes

Anabaena flos-aquae

-3 -3
-3 -3
-3 -3
-3 -3
-3 -3
-10 -10

32
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Table 6. Growth rates (divisions per day) during first three days of species initially present
but which had disappeared by the end of the culture period in the different spike-enriched
cultures; see table 1 for meaning of culture numbers; 0: unenriched control. - : absent at day
3.

Culture number

Species 0 1 2 3 4 5 6 7 8 9 10
Scenedesmus 0 - - 0 05 - - 0 - 0O 02
quadricauda

Chroomonas baltica - - - 04 O 0 - - - - -
Teleaulax acuta - 04 10 - - - 0.7 - - - -
Teleaulax amphyoxeia 0O 04 - 04 12 03 07 09 08 12 059
Chaetoceros wighamii 02 08 - 04 O 0 - - - - 03

Skeletonema costatum 63 13 15 14 16 16 17 15 17 15 16

Katodinium rotundatum 0.6 - - 0 - - - - - . .

Anabaena flos-aquae - - - - - 0 06 - 0 - -
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Table 7. List of species present at the end of the culture period in the control and the different spike-
enriched cultures, with their relative abundance (%) in terms of counting units (normal print) or biomass
(italics). 0 in column Tq indicates a species which was not seen in the original assemblage but which
appeared in the course of culturing. See table 1 for explanation of the culture numbers; Tq: situation at

beginning of culture period. O : control.

Culture number

Species in
original assemblage To 0 1 2 3 4 5 6 7 8 9 10
Chlorophyceae
Monoraphidium contortum 266 579 202 11 3.2 1.9 2.7 121 0 106 34 29
10.4 5.4 1.4 0.1 0.2 0.2 0.2 0.7 0 1.2 0.4 0.3
Oocystis borgei 1.2 89 313 396 378 329 251 238 133 153 20.1 49
7.7 132 352 510 448 472 360 215 189 27.7 337 7.3
Scenedoesmus acutus 0 0 0.3 27 33 1.7 2.5 0.2 0 1.9 0 0
[4] 0 0.1 1.3 1.5 0.9 1.3 <0.1 0 1.3 0 0
Scenedesmus ellipticus 0.6 0 05 <01 08 12 07 02 60 36 04 23
0.9 0 0.1 <01 0.3 0.4 0.3 <01 2.1 1.6 0.2 0.9
Cryptophyceae
Hemiselmis virescens 18.1 9.2 0 1.2 0 0 0 1.7 0 0 0 13
2.1 03 0 <01 0 0 0 <01 0 0 0 <01
Plagioselmis prolonga 408 92 26 0 0 0 0 0 0 279 29 0
7.7 0.4 <01 0 0 0 0 0 0 1.5 0.2 0
Bacillariophyceae

Fragilaria crotonensis 0 0 0 0 0 0 0 0 0 47 16 <04
0 0 0 0 0 0 4] 0 0 0.3 0.4 <0.1
Thalassiosira baltica 0.4 2.3 0 0 <O0.1 0 <01 0.3 0 0.8 0 <01

31.5 56.2 0 0 0.3 0 07 4.6 0 260 0 1.0



Thalassiosira pseudonana

Dinophysis acuminata

Anabaena flos-aquae

Aphanizomenon flos-aquae

Merismopedia punctata

Microcystis aeruginosa

Microcystis reinboldii

Microcystis wesenbergii

Snowella lacustris

0.2

50

0.4
1.0
1.3

83

0.2
0.7
<0.1

0.7

1.4

12.4

1.2

8.3

0.5

0.8

55
4.1
5.3

11.2

0 0 0

0 0 0
Dinophyceae

0 0 0

0 0 0

Nostocophyceae

<0.1 <01 0

<0.1 <0.1 4]

1.2 <01 0.3

0.7 <01 0.2

0.2 <01 0

<01 <0.1 0

1.2 1.2 1.4

07 08 08

0 291 9.7

0 94 29

6.1 704, 221

35 50 131

36.1 181 206

572 329 345

0.8
0.6
26.3
9.4
228

16.2

23.8

0 0

0 0
<01 0.1
<0.1 0.4
0 0

0 0
<041 1.6
<0.1 1.1
0 02

0 <01

16 038
12 05
283 0.2
102 <0.1
222 28
16.0 1.8
16.8 542
34.0 67.0

3.0
2.1
243
8.6
25.9
18.4
243

48.5

71

0.1

0.2

1.8

0.5
08
0.7
8.4
3.8
3.9

3.5

29.1

35

231

0.4

1.7
0.7
09
0.7
1.6
4.9
10.4
87
19.4

45.9

8.8

0.1

<01

0.3

0.7
0.2
33
2.5
28.7
10.8
15.7
11.8
30.0

63.5
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Table 8. Shannon’s diversity index H of phytoplankton assemblages grown in different spike-

enriched aliquots, after three days’ culture and at the end of the experiment. Numbers in

parentheses indicate relative (%) increase (+) or decrease (-) relative to the initial value.

Initial value was 2.41 when calculated from species counting unit concentration, and 3.39

when calculated from biomass. See table 1 for explanation of culture numbers. Subscripts:

¢.u. - counting units; b - biomass.

After three days’ culture

End of experiment

Assemblage Heo Hp H.y H,
Control 2.53 (+05) 3.10 (-09) 211 (-12) 2.04 (-40)
1 3.04 (+26) 3.55 (+05) 2.17 (-10) 1.46 (-57)
2 2.72 (+13) 3.38 (nil) 214 (-11) 1.70 (-50)
3 3.13 (+30) 3.62 (+07) 2.35 (-02) 1.90 (-44)
4 2.05 (-15) 3.34 (-01) 2.29 (-05) 2.00 (-41)
5 2.83 (+17) 3.29 (-03) 2.36 (-02) 2.09 (-38)
6 2.91 (+21) 3.48 (+03) 1.96 (-19) 1.41 (-58)
7 2.91 (+21) 2.59 (-24) 2.44 (+01) 2.03 (-40)
8 2.85 (+18) 2.57 (-24) 2.22 (-08) 2.53 (-25)
9 2.67 (+11) 2.84 (-16) 2.93 (+22) 1.99 (-41)
10 3.08 (+28) 3.30 (-03) 2.64 (+10) 1.83 (-46)
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Table 9. Mean division rates (divisions per day), between days 0 and 3 and between days 3 and 10, of

species dominant at the end of the experiment in the different spike-enriched cultures. Data for the

dinoflagellate Dinophysis acuminata are also shown. See table 1 for explanation of culture numbers.

Culture number

Period
Species (day) O 1 2 3 4 5 6 7 8 9 10
Chlorophyceae

Oocystis borgei 0-3: 02 01 <01 0 <01 01 <01 <01 02 02 <0.1

3-10: o 07 12 11 11 10 06 07 03 08 05
Scenedesmus 0-3: 0 02 0 0 0 0 0 0 0 0 0
ellipticus 3-10: 0 0 0 07 09 08 0 08 04 07 07

Nostocophyceae
Aphanizomenon  0-3: 0 0 0 0 0 0 0 0 0 0 02
flos-aquae 3-10: 0 04 0 03 0 0 02 0 0 0 0
Microcystis 0-3: 0 0 0 0 0 0 02 0 0 0 0
aeruginosa 3-10: 0 04 11 09 0 0 01 08 0 0 09
Microcystis 0-3: 67 17 08 14 05 15 16 14 10 13 10
reinboldii 3-10: 0 0 13 07 14 09 0 07 04 08 09
Microcystis 0-3: - - - - - - - - - - -
wesenbergii 3-10: 0 o 17 12 12 16 05 11 05 13 11
Snowella 0-3: 62 03 01 04 <01 01 <01 <01 <01 <01 04
lacustris 3-10: 0O 06 10 08 08 08 07 07 04 09 06
Dinophyceae

Dinophysis 0-3 03 02 0 <01 0 02 0 01 0 04 o038
acuminata 3-10 0 0 0 0 0 0 0 0 0 0
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International symposium on Marine cyanobacteria and related organisms
Paris, 24-28 November 1997

Summary of session 5: « Harmful blooms and toxins »

Session 5 started by an overview of recent advances in cyanobacterial research and

application.

Usually, occurrence of toxic cyanobacteria is associated with fresh and brackish
waters. Cyanobacteria produce a wide array of toxins: hepatoxins, neurotoxins and cytotoxins
which adversely affect drinking water, recreational activities and freshwater fisheries. Recent
death of more than 50 people in Brazil dramatically illustrate the importance of cyanobacterial
toxins. This has recently prompted the World Health Organization to establish a limit (1 pg
microcystin-LR per liter) for drinking water. Cyanobacteria in brackish and marine waters have
been also reported to produce CTX, including microcystins, nodularins, PSP and some other
toxins; nevertheless, little research has been dedicated to the production and the fate of these
toxins, except for the Baltic Sea and some coastal areas of the Pacific. At present, the
ecological significance of marine CTX is unclear; however, the neurotoxins of Trichodesmium
spp. have been assumed to deter grazers. (G. Codd's keynote lecture).

Recent progress in analytical methods, such as protein phosphatase inhibition assay
and immunoassay, now permit the detection of CTX down to the pg level. The protein binding
assay is the most sensitive method for microcystin and nodularin; level of 50 fmole can now
be detected. The hepatocyte culture assay is 100-1000 fold less sentive, but it allows for the
detection of non-phosphates binding toxins. (Serres M.H., Fladmark K.E., Knutsen G,
Doskeland S.O.; poster).

The role of environment factors to the growth and toxic production of toxin species has then
been discussed.

In eastern Baltic Sea, a significant negative correlation between abundance of
potential toxic nitrogen-fixing cyanobacteria and concentration of inorganic nitrogen was
found. Further enrichment experiments with Microcystis aeruginosa showed importance of
dissolved organic compounds for the growth of this species. Urea was the best organic
nitrogen source; DOM extracted from Daugava River sustained a significant yield (Balode M.,
Maestrini S.Y., Purina |, Bechemin C.; poster)

CTX production has been proved to be related to N or P deficiency. In Nodularia
spumigena the highest toxin production was found in the nitrogen sufficiency and phosporus

deficiency. Nodularin was the toxin found in highest concentrations inside the cells. (Panosso
R.. Grangli E., Luckas B., Hummert C.; oral presentation).



Recently (April-May 1997), a bloom of Lyngbya majuscola started in a shallow
Australian inlet and spreaded into an open bay. The bloom caused severe contact dermatis.
Fishermen reported that this toxicity has continuously increased during the past years.
Estimation of mices injected with extracts of L. majuscola showed histological changes in
kidneys. (Dennison W.C., O'Neil J.M., Oliver P., Shaw G.; oral presentation).

Spanish scientists reported for the first time the presence of Phormidium persicinum
cells in the rﬁantle of the local abalone Haliotis tuberculata which were banned from the
market because they contained PSP. Research has started for growing P. persicinum in
culture for further investigation of toxin production. (Lopez-Rodriguez C., Noguero! Seoane A,
Bravo Portela |.; oral presentation).

Spirulina maxima is mass-produced in Mexico. Medical evaluations made before
declaration as safe for commercial distribution showed that up to a level of 30 % indiet for
rodents did not produce toxic effects. Studies with other test animals are presently carried out.
(Chamorro G., Salazar M., poster)

Maija BALODE and Serge Y. MAESTRINI
4 February 1998
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Abstract

Distribution pattemns of chlorophyll a, phytoplankton species and biomass were studied in the Gulf
of Riga, one of the most eutrophicated areas of the Baltic Sea. Common factor analysis was used
to simplify the highly correlated pattemns of nutrients, salinity, temperature and the depth of mixed
layer. Obtained latent variables were used to explain spatial distribution of phytoplankton. During
periods of blooms, the gulf was divided into compartments with different phytoplankion
characteristics using cluster analysis. The intensity of spring diatom bloom in 1995 followed closely
the spatial varniations of nutrients and salinity. In summer three different stages were recorded. The
early-summer stage in 1994 was characterized by a homogenous distribution of algae, followed by
an intense bloom of cyanobacteria (Aphanizomenon flos-aquae) after warming up of the surface
layer. The intensity of the bloom correlated well with the common structure of environmental
variables and was most dense in the southern gulf. During late summer in 1993 the dominance of
cryptomonads was recorded. The variability of chlorophyll a in the southem gulf or in the Irbe
Strait had no permmanent spatial pattems. Basin-wide differences in chlorophyll a were detected

only during bloom periods.



Introduction

The Guif of Riga is one of the most eutrophicated systems in the Baltic Sea as a result of high
nutrient load (Andrushaitis et al., 1995; Laznik and Stdinakke, 1998). Regional differences in
nutrient concentrations are well established (Yurkovskis et al.,, 1993; Tamminen and Seppaild,
1998). The southern coast is the most eutrofied area as it receives most of nutrients entering the

gulf - 80 % of the total load of N and P (Andrushaitis et al., 1995; Laznik and Stalnakke, 1998).

Evidence of increased phytoplankton production and accumulation of biomass during recent
decades has been received from the Gulf of Riga. Chlorophyll a concentrations have increased
during all seasons for the observation period from 1972 io 1991 (Jansone, 1995). Water
transparency in autumn and oxygen concentrations in the deep water during summer have
decreased significantly from 1963 to 1990, indicating increased biological activity (Berzinsh,
1895). There are also signs of long-term changes of the summer phytoplankton community
composition. Although first cyanobacterial blooms in the Gulf of Riga were recorded in 1908
(Nikolayew, 1953), their frequency and intensity have increased during recent years. This has
been revealed through remote sensing from period 1982 - 1993 (Kahru et al., 1994) and by studies

of phytoplankton community structure from 1972 on (Balode, 1994).

The spatial distribution of phytoplankton has been studied intensively for about 20 years (eg.
Kalveka, 1980; Rudzroga, 1987; Zvaigzne and Filmanovicha, 1990; Balode and Purina, 1996).
The results are not, however, open for a larger scientific community, since they have been
published mostly in local editions. {n these earlier studies not a lot attention has been paid to the
environmental factors affecting the phytoplankton distribution patterns. Statistical analysis have
not been used - before this study - to explain spatial distribution patterns of phytoplankton

variables in the Guif of Riga.

To understand the biological, chemical and physical dynamics and interactions in the Gulf of Riga,
Quasi-synoptic measurements covering the entire guif were carmried out as a part of a project

"Pelagic eutrophication and sedimentation in the Gulf of Riga®". The basin-scale structures of



phytoplankton biomass and community composition presented here will together with continuous
phytoplankton fluorescence measurements (Babichenko et al., 1398) form a background for the
studies of vertical flux, elemental cycling and dynamics of benthic boundary layer carried out

during the same project.

In this paper we describe snap-shot like spatial distribution pattems of phytoplankton in the Gulf of
Riga during five occasions, at four different stages of annual phytoplankton succession.
Multivariate methods were used to study relationships between biological, chemical and physical
variables. To dernive valuable ecological information from complex data sets with highly correlated
interdependent variables can be difficult. Because of that, vanous numericai methods have been
used or suggested for plankton studies (Flos et al., 1987). Cluster analysis have been used to
group lakes, sites or co-occurring species on the basis of some measure of similarity (eg. Earle et
al., 1987; Lyche, 1990). Despite distinct compariments with different phytoplankton characteristics
are rare in pelagic ecosystems, these methods are convenient in summarizing the data. Factor
analysis can be used to simplify the patterns of several correiating and interdependent variables

and to construct latent variables for further analysis (Dillon and Goldstein, 1984).

Material and methods

Sampling and analysis

The water samples were collected on 24.8.-2.9. 1993, 19.-226. 1994, 10.-13.7. 1994, 19.-22 4.
1995 and 24.-26.4. 1995 during cruises by R/V Marina. The station network (n=18) was the same
every year and covered the entire gulf (Fig. 1). During the cruise in 1993, some southem stations
were visited two (Stns 13,14,16,18), three (Stn. 17) or four times (Stn. 15). Stations 6 and 18 were

omitted during the first cruise in 1994.

Analysis of phytoplankton community structure, chlorophyll a, NO3-N, NH4-N, PO,-P, total N and
total P were performed from a composite surface (0-10 m) sample. In some cases the depth-

Weighted average for this layer was calculated from the samples taken from 0, 2.5, 5 and 10 m.



Analysis - except for phytoplankton microscopy and total nutrients - were performed on-board right

after sampling.

Phytoplankton samples were preserved with acid Lugol's solution. Micro- and nanophytoplankton
species were counted using an inverted microscope (Diavert) following the Uterm&hl (1958)
technique. Biomass transformations (wet weight) were made according to Edler (1978). For the

first cruise in 1994, phytoplankton data were missing for the stations 1, 2, 3 and 7.

Samples for chlorophyll a were filtered onto glass-fiber filters (Whatman GF/F) with a nominal
pore-size of 0.7 pm. Filters were extracted with 96% ethanol for 24 hours at room temperature.
Concentrations were measured with a spectrofluorometer (Shimadzu RF 5001) which was
calibrated with pure chlorophyll a (Sigma). Aliquots of water samples were size-fractionated by
reverse filtration using 2 pm Nuclepore filter (1994) or 10 ym nylon screen (1995), from the filtrate
chlorophyll a was analyzed as above. Inorganic and total nutrients were analyzed as described by

Tamminen and Seppéld (1998).

For each station the average temperature and salinity at 0-10 m surface layer was extracted from
the profiles measured with SIS CTD 100Plus (1993) or with Aquapack CTDF (1994 and 1995).

Depth of the mixed layer (1995) was assumed to be the depth where gradient of density reached a

clear maximum.
Mapping of spatial distribution pattems of variables was carried out with the SURFER software

Package using interpolation with kriging method. Distributions of nutrients and physical variables

are shown by Tamminen and Sepp#l4 (1998).

Statistical methods

The relationships between phytopiankton, chemical and physical variables were analyzed with a

Series of multivariate and correlation methods. Multivariate analysis were performed with the SAS



statistical package. As a first step the data were divided into four sets presenting different
phytoplankton succession stages and the sets were analyzed separately. Data from the two cruises
during spring 1995 were pooled since phytoplankton biomass and species composition were not
different in them (Anova, p > 0.05). The different stages are named as follows:

- spring bloom; two cruises in April 1995

- early-summer stage; cruise in June 1994

- cyanobacterial bloom; cruise in July 1994

- late-summer stage; cruise in August-September 1993

For spring and cyanobacterial blooms average linkage clustering method was used to group the
stations into main compartments with different phytoplankton characteristics. The variables used in
cluster analysis were concentrations of chlorophyll a in total and size-fractionated water samples,
total phytoplankton biomass and biomass of dominating species. During spring bloom the biomass
of Thalassiosira baftica and Peridinieila catenata (former Gonyaulax catenata) were included in the
analysis, while during cyanobacterial bloom the biomass of filamentous cyanobacteria
(Aphanizomenon flos-aquae and Nodularia spumigena), non-filamentous cyanobacteria (mainly
Woronichinia compacta and Snowella lacustris), centric diatoms (Cyclotella radiosa, Thalassiosira
baltica and Thalassiosira pseudonana) and cryptomonads (Teleaulax amphioxeia and Teleaulax
acuta) were included. To normalize the distributions, variabies were log-transformed ({('=In{X+1))
and subsequently standardized to give equal weights to the different variables. After clustering,
backward stepwise discriminant analysis was used to identify the most important variables that

fevealed differences between the clusters.

Nutrient and physical data were highly correlated in each data set. The information of NH,-N, NO5-
N, PO,-P, total N, total P, salinity (not early-summer stage), temperature (not early-summer and
late-summer stages) and the depth of mixed ayer (only spring bloom) was reduced into common
factors using principal factor method. The common factors extracted by this method will account
for the maximum possible amount of the variance contained in original data (Dillon and Goldstein,
1984). The number of factors was selected with the help of eigenvalues. In all cases the sum of

the two first eigenvalues was close (95-102%) to the total communality, and thus 2 factors were



retained. To help the interpretation of the factors, varimax rotation was made. Computed factor

scores were used in further analysis.

For the each data set and cluster, correlation coefficients were calculated between the factor
scores and main phytoplankton variables. To ensure that significant correlations found were not
artifacts brought about by outliers, the jackknifing technique was utilized. One observation at a

time was removed and the lowest obtained correlation coefficient was taken into account.

Chlorophyll a and salinity values measured at the southem gulf (Stns 15, 16, 17 and 18) or in the
irbe Strait (Stns 1, 2, 3 and 4) were standardized for each season and differences between
stations were studied using ANOVA. Subsequently Tukey's test was used to find which stations
differed each other. Differences in chiorophyll a concentrations between the southem (Stns 15, 16,

17 and 18), the middle (Stns 8, 10, 11 and 12) and the northem gulf (Stns 1, 2, 3 and 4) were

studied similarly for each cruise.

Results

Spring bloom 1995

High values of phytoplankton standing stock were found during the first spring cruise as the spring
bloom had already started (phytoplankton wet weight 4000-27000 pg I'"; chl a 13-50 ug I'"y (Fig. 2).
The area of Irbe Strait (Stn. 2) was characterized by the lowest phytoplankton abundance, while
the maximal biomass was registered in the southern gulf (Stns 15, 17 and 18). The spring bloom
biomass was dominated by diatoms (Fig 3). Main species Thalassiosira baltica contributed more
than 75% of the total phytoplankton biomass and more than 97% of the biomass of diatoms. At a
few stations specific weights of other diatoms - Chaetoceros wighamii, Melosira nummuloides and
Achnanthes taeniata - were significant. Dinoflagellates with a dominance of Peridiniella catenata
were the second most significant component of the spring bloom. In the eastem gulf P. catenata
Contributed up to 25% of the total phytoplankton biomass (Fig 3). Except for stations 1 and 3, the

share of chlorophyll a in the algae <10 pym was below 10% (Fig. 2).



The next cruise, five days later, indicated the decline of the spring bloom especially in the
southemn qulf (Fig. 2) although there were still inorganic nitrogen (> 60 pg NOs-N I") and
phosphorous (> 5 pg PO4-P I'') available (see Tamminen and Seppéld, 1998). Compared to the
first cruise, diatom abundance generally decreased (Fig. 3) while the significance of dinoflagellates
P. catenata increased. Clear dominance of diatoms remained in the whole gulf, especially in the
southern parts (Stns 16, 17 and 18) where they contributed more than 90% of the total
phytoplankton biomass. Except in these three southemmost stations, the Shannon index of
biomass increased (not shown) refeming to development of a more diverse phytoplankton

community. An increase of the small-size algae (<10 ym) was aiso observed (Fig. 2).

Cluster analysis was used to distinguish stations with different bloom characteristics. The first
cluster corresponds to stations with lower biomass and share of diatoms than the second cluster.
Furthermore, stations 1 and 2 during the second cruise formed their own compartment (Fig. 4). As
a result of stepwise discriminant analysis, chlorophyll a concentration had the most limited ability

to explain differences between the clusters, while all other variables used in the analysis were

equally important.

Common factor analysis revealed high correlation between concentrations of nutrients and low
saline water. After varimax rotation, factor 1 accounted for 46.9% of the total variance and had
strong loadings of all variables except PO,-P and temperature, which loaded factor 2 accounting
21.5% of the total variance (Table 1). Factor 1 showed significant correlations with phytoplankton
variables when the whole gulf was considered (Table 2a). In the different clusters correlations were
lower. Factor 2 was correlating negatively with chlorophyll a in the fraction <10 pm and positively
with biomass of cyanobacteria. In the different clusters, however, it was negatively correlating with

the phytoplankton abundance in general.

Early summer stage 1994



The cruise was performed during cold and windy weather conditions. Water column was well
mixed and surface irradiance levels were low. Phytoplankton was very homogeneously distributed
in the upper 0-30 m water column (data not shown). Concentrations of chlorophyll a increased
from 1.5 pg " at the station 1 up to 4-7 ug ' in the gulf (Fig. 5). Phytoplankton biomass was on
the average 560 pg I' and did not exceed 1200 pg I'". Algae <2 pm contributed about 70% of
chlorophyll a at station 1, while at the southem gulf only around 10% (Fig. 5). Cyanobacteria
(Aphanizomenon flos-aquae, Woronichinia compacta, Snowella lacustris) and dinoflagellates
(Dinophysis baltica, Gonyaulax triacnantha, Protoperidinium brevipes) dominated the
phytoplankton biomass, except in few stations (stns 4, 15, 16) where diatoms (Skeletonema

costatum, Thalassiosira pseudonana) were the most important components of phytoplankton

community (Fig. 6).

Concentrations of inorganic N and P were generally low, but in the southemn gulf reasonable
amounts of NH4-N (up to 25 pg I") were available (Tamminen and Seppald, 1998). Total N and P
had strong loadings on factor 1 while inorganic N and P on factor 2; NOs-N had moderate loadings
on both factors (Table 1). Factors 1 and 2 contributed 40.1% and 37.0% of the total variance,
respectively. Factor 1 correlated positively with chlorophyil a concentration and negatively with the
fraction of chlorophyil a in algae < 2 ym (Table 2b). Factor 2 was correlating with the biomass of

chlorophyta (mainty Monoraphidium contortum).

Cyanobacterial bloom 1994

During the cruise extremely calm and warm weather prevailed. Surface water temperature rose up
1026 °C and a strong thermocline at 3-7 m prevented deep mixing. An increase of phytoplankton
biomass and chiorophyll a was observed at most stations as compared with the cruise two weeks
earlier (Fig. 5). Cyanobacteria were dominating at the southem gulf and sometimes dense surface
accumulations were found. In most cases phytoplankton biomass exceeded 1000 pg I the
Maximum being at station 15 (6600 ug I"). Species composition showed a dominance of
Aphanizomenon flos-aquae which contributed 57-95% of the total phytoplankton biomass in the

Southern gulf and about 50% in the central part of the gulf (Fig. 6). Filamentous cyanobacteria



were less abundant in the northem part of the gulf and contributed about 1/3 of the total biomass,
while non-filamentous cyanobacteria (Woronichinia compacta, Gomphosphaeria lacustris), diatoms
(Thalassiosira pseudonana, Thalassiosira baitica) and cryptomonads (Teleaulax amphioxeia,
Teleaulax acuta) were other important constituents of phytoplankton (Fig. 6). Picoplankton had
became more important especially in the northemn guif as ascertained by chlorophyll a results of
different size-fractions. At station 1, the increase of chlorophyll a was totally attributed to the algae
smaller than 10 pm (Seppéld, unpubl.). Nodularia spumigena- an important bloom foming
cyanobacteria in the Baltic Sea - was present only at stations 3 (34% of the total phytoplankton
biomass ) and 13 (1.5%). The high amount of cyanobacteria at the station 2 was recorded but it

was not accompanied by high chlorophyll a values at any depth.

Cluster analysis clearly separated two different areas; the southem gulf with dense cyanobacterial
bloom and the northern gulf (Fig. 7). Preliminary analysis placed station 9 into its own
compartment, thus it was considered as an outlier and was omitted in the eventual cluster
analysis. Backward stepwise discriminant analysis identified the share of chiorophyll a in the algae

<2 um as the most significant variable that distinguished clusters, the next important were biomass

of cyanobacteria and total chlorophylt a concentrations.

Factor 1 had the highest loadings of all variables except temperature and accounted 37.1% of the
total variance (Table 1). Temperature loaded factor 2 and explained 18.1% of variance. Factor 1
was correlating positively with chlorophyll a, total phytoplankton biomass, biomass of
Cyanobacteria and chlorophytes and the share of cyanobacteria from the total biomass and
negatively with the share of chlorophyll a in algae <2 pym and the share of cryptomonads and
diatoms biomass (Table 2c). In different clusters the comelations were lower and the only
significant was in the first cluster with the biomass of non-filamentous cyanobacteria. Factor 2

Correlated negatively with dinoflagellates biomass in the second cluster.

Late summer stage 1993.



Nanoflagellates dominated the phytoplankton community in the late summer period. On the
average 50% of the total biomass was due to cryptomonads with main species Teleaulax
amphioxeia, Teleaulax acuta and Rhodomonas marina (Fig. 6). Cyanobacteria (Aphanizomenon
flos-aquae) and diatoms (Thalassiosira pseudonana) were also important. Diatoms were most
abundant in the southern part of the gulf where they constituted on the average 44% of the total
biomass. Phytoplankton biomass was rather evenly distibuted in the gulf ranging from 450 to
1200 pg I, except for the minimum at the station 8 (165 pg I'") (Fig. 5). The distribution of
chlorophyll a had more pronounced patterns with the minimum in the westemn and southem parts
of the gulf. Repeated sampling in the southern part of the gulf revealed rather dynamic pattems of
phytoplankton during this season. The observed range for chlorophyil a was 0.99-6.85 pg I'' (mean
3.98, CV 35%, n=27) in the whole gulf, while 3.43-5.76 pg I (mean 4.17, CV 26%, n=4) at station
15 and 0.99-2.70 pg I'' (mean 2.00, CV 45%, n=3) at station 17. The first and last sampling were

separated by 8 days in all cases.

Partly due to short-term variability, cluster analysis failed to separate different zones on the basis
of phytoplankton community characteristics. Salinity, inorganic N and P loaded factor 1 (Table 1)
while factor 2 was loaded by total N and P. The factors contributed 39.9% and 27.9% of total
variance respectively. Factor 1 was negatively correlating with chlorophyll a and the biomass of
Cyanobacteria and positively correlating with the biomass of diatoms (Table 2d). Factor 2 and

biomass of cryptomonads were correlating negatively.

Spatial variability of chlorophyll a

There were no permanent structure in the distribution of chlorophyll a in the southern gulf or in the
Irbe Strait (Fig. 8, ANOVA, p>0.10). Salinity at station 15 was significantly higher than at station 17
(Tukey’s test, p<0.05), but neither of them was different from stations 16 or 18. The permanent
salinity structure in the Irbe Strait was detected as all the stations were different from each other

(Tukey's test, p<0.05).



During the first spring cruise, the chlorophyll a concentrations in the southern gulf were
significantly higher than in the middle or northem gulf, while during the second spring cruise the
southermn gulf was different only from the northem gulf. Durning the cyanobacterial bloom the
chiorophyll a in the northem gulf was lower than in the middle or southem gulf (in all cases Tukey's

test, p<0.05). During early or late summer cruises no statistically significant differences were found

between these areas.
Discussion
Multivariate analysis

The results of cluster analysis should always be treated with care, since obtained cluster pattem is
strongly influenced by the method used, and moreover, the number of clusters is a matter of
subjective selection. Actually, in pelagic ecosysterns well-defined clusters seldom appear, as
distribution of phytoplankton variables is often fuzzy (Flos et al., 1987). This was the case also in
the Gulf of Riga during early-summer and late-summer stages. The cluster analysis failed to
create spatial compartments since there were no clear boundaries in the distribution of plankton
variables. During the bloom stages such boundaries were likely to occur in the spatial scale of our
Sampling. We were able to distinguish areas with different bloom characteristics mainly brought up

by the variations of available nutrients.

The observed patterns of phytoplankton variables are an outcome of previous environmental
Conditions. High correlation between biological and chemical or physical variabies does not by no
Means indicate causality. The information of comelating environmental variables can be reduced
by common factor analysis. Latent variables extracted will represent an euclidean measure of
different water-types characterized by the original variables. The correlation analysis can be used

to study whether the variability of phytoplankton is related to the patterns of these water-types.

For the Gulf of Riga, two common factors were extracted for the each stage from nutrient, salinity

and temperature data. The factors with high negative loadings of salinity indicate fresh water load



usually correlated with concentrations of nutrients as depicted by the high loadings from them. The
other factor can be considered as a measure of cold and PO.-P rich winter-water (spring bloom -
stage) or warm water (cyanobacterial bloom -stage). The two factors were able to explain 55-77 %
of the total variance of the original variables. Such a high amount indicate that there is a common

structure of variables, and that the factor solution explains most of it.

Variability of phytoplankton at different seasonal stages

The interannual variability of the fresh water and nutrient load to the Gulf of Riga is notable
(Andrushaitis et ai., 1995; Berzinsh, 1995; Laznik and Stdinakke, 1998). The dynamics of
hydrological and meteorological parameters will cause fluctuations in the patterns of phytoplankton
succession. Thus the seasonal stages analyzed here must be considered only as examples and

they should be studied further in the context of interannual variability.

Spring bloom in the Baltic Sea is initiated by the increase of light in the mixed layer that is in
spring determined mainly by salinity stratification (Némmann, 1990). While zoopiankton grazing is
low during spring, the bloom intensity is mainly controlled by the amount of available nutrients
accumulated during winter and by water mixing. Winter nutrient pools are higher in the Gulf of
Riga than in the other sub-areas of the Baltic Sea (Nehring et al., 1990) and freshwater flow
provides strong stability of the surface layer in the southern gulf (Tamminen and Sepp4l4d 1998).
Factor analysis revealed the relationships between total N and P, inorganic N and P and less
saline water. Also the mixed layer depth was closely connected with the salinity of the surface
water. The intensity of the diatom bloom, in the scale of the whole gulf, was well explained by
these variables as demonstrated by comelation analysis. In the different clusters such a
relationship was not so evident. The south-westem part of the gulf was more influenced by the
fresh water flow from river Daugava than the south-eastem part (Tamminen and Seppild 1998).
Also the bloom was more pronounced at station 18 than at station 16. The centra) station (Stn. 15)
for the studies of vertical flux and eiemental cycling was clearly influenced by the fresh water load.
Differences between southem and northem gulf are most clear during the spring season. Small

Scale heterogeneities in the chlorophyll a distribution were recorded, especially in the coastal



areas, using flow-through fluorometer (Babichenko et al., 1998).

Although water temperature and the depth of mixed layer were not loading the same fagtor, they
should be causally related during spring. In the areas of deep mixing the warming up of the
surface layer was slower and also the phytoplankton biomass was lower probably because of the
lower light supply. Higher amounts of PO,P prevailed in cold areas, presumably weakly

developed bloom was not able to take up all available phosphorus.

Between the two spring cruises the algal biomass and chlorophyll a decreased although there were
considerable amounts of inorganic N and P left. Dinoflagellates Peridiniella catenata became more
important constituent of the phytoplankton community. The increase of the role of dinoflagellates
at the end of diatom bloom is typical phenomenon in the Gulf of Riga (Kostrichkina et al., 1994a;
Olli, 1998). The amount of dinoflagellates or their share of the biomass was not corretating with
environmental variables measured. Diminution of silicate pool over the last ten years in the Gulf of
Riga (Yurkovskis 1996) could be one of the factors stimulating development of dinoflagellates in
late spring as it is possible that silicate becomes a limiting nutrient for diatoms. The studies from
1977 to 1990 showed an increase of the role of both Thalassiosira baltica and P. catenata in the
formation of spring phytoplankton community of the Gulf of Riga (Kostrichkina et al., 1984b).
These species are also frequently found to be important constituents of the spring phytoplankton in

the other regions of the Baitic Sea (eg. Kononen and Niemi 1984).

Phytoplankton structure at the end of June 1994 characterizes a summer community in the Gulf of
Riga. The winter poo! of inorganic nutrients in the upper layer was consumed by the mid-June
when the early summer cruise was carried out, only at the southern stations considerable amounts
of NHs-N and NOs-N were available (see Tamminen and Seppald, 1998). Inorganic nutrients
loaded factor 2, which was not correlating significantly with phytoplankton variables, except with
the biomass of Chlorophyta. Dominating species of areen algae Monoraphidium contortum was
favored by eutrophic conditions as also noted by Kononen (1988); the opposite seemed to be true

for dinoftagellates. Chlorophyll a and the share of picoplankton from it, were closely connected to



the amount of total nutrients. The main gradient in chlorophyll a was in the Irbe Strait,

unfortunately phytoplankton counts from this area were lacking.

In July the phytoplankton species composition showed the dominance of cyanobacteria, obviously
favored by the warming of the surface layer. However, factor 2 loaded only by the surface
temperature did not verify this. Biomass of other pliytoplankton taxa were negatively correlated
with temperature in the southem cluster. Cyanobactenal bloom in the Gulf of Riga are most
frequently caused by Aphanizomenon flos-aquae. It has been postulated that the recent increase
of the blooms is caused by the decreasing DIN/DIP ratio (Balode 1994, Balode and Purina 1996).
In our study the DIN/DIP ratio was similar (by weight 0.7-4.1 in cluster 1, 0.7-6.4 in cluster 2) in
both clusters with different bloom characteristics (Anova, p>0.10). Water inorganic nutrient
concentrations were, however, very low and do not necessarily correspond the actual supply of
nutrients through remineralization. The nutrient limitation experiment carried out at the station 15

revealed that phytoplankton community was N or N & P co-limited (Seppéla et al., 1998).

Cyanobacterial bloom was most intense at the southemn stations. Chlorophyll a values revealed
that the northem gulf was characterized by low phytoplankton abundance. Accumulation of
biomass and the increase of share cyanobacterial of total phytoplankton was connected to factor
1, representing high amounts of nutrients and fresh water. In the different clusters such a pattem
was not so significant. In the northem cluster, the amount of non-filamentous cyanobacteria were

closely linked to factor 1.

The late summer cruise in 1993 was performed after a collapse of a cyanobacterial bloom (Balode
and Purina 1996). The planktonic community was characterized by mainly heterotrophic activities,
which is revealed by the high amounts of available inorganic nutrients and by a negative
correlation between chlorophyll a concentrations and inorganic nutrients. The main constituents of
the phytoplankton community were cryptomonads. The spatial and temporal dynamics of
phytoplankton were high during this period. The variability at the station 15 during 8 days was the

Same magnitude as the variability in the scale of the whole guilf.



In all cases, except during late summer, the distribution of phytoplankton was positively
correlating with the environmental factors extracted by factor anaiysis. The most significant basin-
wide spatial variability of offshore phytoplankton characteristics was recorded during bloom
occasions. The suggested anticlockwise spreading of fresh water from river Daugava (Yurkovskis
et al., 1993; Kéuts and Hakansson 1995) was not valid for all cases studied here. Also for the
phytoplankton variables difference between the western and the eastem parts of the gulf was not
found. It has been assumed that there might be a phytoplankton productivity front in the Irbe Strait
due the mixing of N-rich gulf water and P-rich Baltic Sea water (Kbuts and Hikansson 1995). Our
results, however, did not verify this; at least no accumulation of phytoplankton biomass in this

region was observed.
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Figures:

Fig. 1. Map of the study area, sampling stations and the cruise track of R/\V Marina in 1995.

Fig. 2. Distribution of chlorophyll a (ug l"), the share of chiorophyll a in the algae < 10 ym and
phytoplankton biomass (ug I"') during two cruises in spring 1995.

Fig. 3. The share (% of total biomass) of main constituents of phytoplankton spring bloom in 1995
during two cruises.

Fig. 4. The separation of stations into three compartments as a result of average linkage cluster

analysis of the phytoplankton variables during spring bloom.



Fig. 5. Distribution of chlorophyll a (ug I'"), the share of chlorophyll a in the algae < 2 uym and the
phytoplankton biomass (ug I'") during three different summer stages.

Fig. 8. The share (% of total biomass) of different phytoplankton classes during three different
summer stages.

Fig. 7. The separation of stations into two compartments as a result of average linkage cluster
analysis of the phytoplankton variables during cyanobacterial bloom.

Fig. 8. Variation in chiorophyll a and in salinity at stations in the southem gulf (a and b) and in the

Irbe Strait (c and d). To remove seasonal vanability, values have been standardized to 1 for each

cruise.

Table 1. Varimax rotated common factor solution of standardized chemical and physical variables for
different phytoplankton succession stages in the Gulf of Riga. Significant loadings are in boldface. Z
mixed = depth of mixed layer, n=number of stations included in analysis.

spring bloom early summer stage  cyanobactenal bloom late summer stage

Factor 1 Factor 2 Factor 1 Factor 2 Factor I Factor 2 Factor 1 Factor 2
NH, 0.63 022 0.34 0.70 0.51  -0.07 0.80 0.02
NO, 083  -0.13 0.53 0.54 0.73  -0.51 0.74 0.35
PO, 0.03 0.87 0.28 0.85 0.37 0.04 0.84 0.32
Total N 0.94 0.17 0.91 0.28 0.38 0.04 0.16 0.77
Total P 0.76 0.22 0.83 0.52 0.86 0.34 0.27 0.88
Salinity -0.87 0.24 -0.87 -0.39 -0.64 -0.29
Temperature 0.40 -0.83 0.14 0.86
Z mixed -0.52 0.26
n 36 16 18 26
total variance
explained, (%) 46.9 215 40.1 37.0 37.1 18.1 399 279




Table 2a, b, ¢ and d. Correlation coefficients between the factor scores and selected phytoplankton
data during different stages. Jackknifing technique has been applied and the lowest coefficients found
are shown. The significance levels of coefficients: ** -p < 0.01, **-p < 0.05, * -p < 0.10. The

coefficients below 0.20 has not. been shown.

Table 2a. Spring bloom

factor 1 factor 2
(nitrogen, total nutrients, fresh water) (phosphate, cold water)
all cluster 1 cluster 2 all cluster 1 cluster 2

chla

total 0.69%** 0.52** 0.29 -0.45%* 0.64**

in <10 pm (%) 0.40** -0.56*%* 0.54¢*
biomass

total 0.68*** 0.27 0.46 » .33 -0.57*

Cyanobacteria 0.34%* 0.35

Diatoms 0.67%+* 0.45 -0.56*
Table 2b. Early summer stage

factor 1 factor 2
(total nutrients) (inorganic
nutrients)
all all

chl a

total 0.64**

in <2 pm (%) -0.54%*
biomass

Cyanobacteria 0.23

Dinoflgellates <0.52

Chlorophyta 023 0.55*




Table 2c. Cyanobacterial bloom

factor 1 factor 2
(nutrients, fresh water) (warm water)
all cluster 1 cluster 2 all cluster 1 cluster 2
chla
total 0.82%** 0.48 0.22 0.36
in <2 um (%) -0.75%** -0.25
biomass
total 0.44* 0.30
Cyanobactenia 0.44* 0.32
non- 0.34 0.90**= 0.20 -0.54
filamentous
Dinoflagellates 0.27 -0.72%*
Diatoms 0.40
Chlorophyta 0.45* 0.38 0.25
fraction of biomass
Cyanobactena 0.66*** 0.32 0.26
Cryptomonads -0.55%= -0.53 -0.45
Dinoflagellates 0.21 -0.58
Diatoms -0.64%*= 0.26
Chiorophyta 0.36
Table 2d. Late summer stage
factor 1 factor 2
(inorganic (total nutrients)
nutrients)
all all
chla
total 0.55%**
biomasg
Cyanobacteria 0.28
fraction of biomass
Cyanobacteria -0.36*
Cryptormonads 0.34*

Diatoms 0.42*%*
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ABSTRACT: Samples were collected in late July 1997, along a transect from the
mouth of the river Daugava to the central part of the Gulf of Riga, and filtered on
150 pm mesh. Four complementary experiments, i, ii, iit and iv, were done. (i)
Comparison of (N-NO3+NO2+NH4) : P-PO4) ratios with the Redfield’s value gave

conflicting results to determine which nutrient(s) limited the potential biomass of
phytoplankton (algal growth potential, AGP). Bioassays showed that nitrogen was
the first limiting and phosphorus the second limiting nutrient in all samples tested,
but that the limitation index (growth in x treatment versus that with “all-added”
nutrients) indicated that in nearshore samples the phosphorus was as limiting, or
almost so, as nitrogen . These results agree with results we obtained in summer
1996. Altogether, we conclude there is a weak gradient of nutrient limitation from the
estuary to the central part of the gulf, in the nearshore waters influenced by river
water, nitrogen and phosphorus are equally limiting, while in the central part of the
gulf, AGP is clearly limited only by N. (i) Nitrogenous organic substances were
added (25 uM) to surface central water, under P-, Si- and Fe-replete conditions.
Urea was the best nitrogenous organic source for the natural assemblage: it
sustained a biomass increase (calculated as protein content) 20 % greater than that
with ammonium. Glycine, hypoxanthin and putrescine gave only 50 % of the biomass
obtained with ammonium. Glutamic acid and spermine supported phytoplankton
growth in only one case each, and guanine in none. (iii) Dissolved organic matter
(DOM) taken from the Daugava River was provided to surface phytoplankton from
the central part of the gulf, at concentrations of 5, 15 and 49 yM DON; P, Si and Fe
were not supplemented, except in the control. DOM sustained algal growth as much
as ammonium and nitrate, but data were somewhat inconsistent: increasing DON
concentrations did not correlated with increased algal yield. Also, addition of P, Si
and Fe with DOM at 15 yM DON only slightly increased the final biomass; it did,
however, give 45 % of the biomass obtained using all-inorganic-nutrient, whereas
the corresponding value for DON added alone was only 32 %. (iv) The
cyanobacterium Microcystis aeruginosa was cuitured in filtered (0.45 pm) surface
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central water supplemented with nitrogenous organic substances (25 uM) and DOM
(15 yM DON) taken from the Daugava River, under P-, Si-, and Fe- replete
conditions. Growth with urea, glycine, hypoxanthine, putrescine or spermine ranged
between 145 and 175 % or that obtained with nitrate. That DOM sustained a growth
representing only 70 % that with nitrate might be explained by the different relative
concentrations of DON and nitrate. On the basis of experiments (ii), (iii) and (iv), it is
inferred that urea is an important potential nitrogen source in the Gulf of Riga, for
summer phytoplankton as a whole, while DFAA are not. We believe, nevertheless,
that DFAA uptake may partly sustain growth in some individual species. Results
were inconclusive about the role of DOM of terrestrial origin as a nitrogen source for
natural assemblages as a whole. There was indication however, that individual
species, such as M. aeruginosa, might sustain growth from purine derivatives and
DON. Further experiments are needed, run at naturally occurring concentrations.

KEY WORDS: Limiting nutrient . Phytoplankton . Terrigenous DON . Urea . Amino
acids . Purine derivatives . Guif of Riga . Baltic Sea .

INTRODUCTION

Cyanobacteria are the taxon the most frequently cited as producing harmful
blooms in the Baltic Sea in summer (Edler et al,, 1985; Kononen, 1992: Balode,
1993; Heiskanen and Kononen, 1994; Leppanen et al., 1995; Tenson, 1995). These
blooms seem to have increased in the past decades both in extent and duration
(Kahru et al. 1994). Toxin-producing dinoflagellates which develop in waters poor in
inorganic nutrients have also been recently reported in the same area (Willén et al.
1990; Carpenter et al. 1995; Balode & Purina 1996). The present situation is thus
fulfilling earlier predictions that continuous relative depletion of silica in river
discharge would led in coastal waters to diatoms being replaced by non-siliceous
forms such as cyanobacteria, dinoflagellates and green algae (Schelske & Stoermer,
1972). The suggestion has also been made that organic compounds from land
drainage, such as humic acids, have favoured dinoflagellate growth versus that of
harmless species (Carlsson & Granéli 1993, Carlsson et al. 1995, Lara et al. 1993,
Moran & Hodson 1994).

Some eucaryotic algae grow in culture with organic compounds as sole source
of nitrogen (Ternetz 1912; Flynn & Butler 1986; Berman ef al. 1991). Dissolved free
amino-acids (DFAA) have been also reported to sustain a significant part of algal
growth in the Chesapeake Bay (Glibert et al. 1991). Moreover, Palenik et al. (1988-
89) showed that some phytoplankters can use various forms of DON without initial
transport into the cell, by using cell-surface enzymes to degrade organic forms of
nitrogen to NH4, and Tranvik et al., (1993) found the ingestion of proteins such as
ferritin, casein and albumin by heterotrophic flagellates.

In contrast, less attention has been paid to the range of nitrogenous organic
substances utilizable by cyanobacteria. Kratz and Myers (1955) noted that Anabaena
variabilis, Nostoc muscorum and Anacystis nidulans can utilise urea, but not glycine
or_guanidine. Van Baalen (1962) observed the utilisation of urea by all the 15
cyanobacterial strains he investigated; while arginine sustained growth of only some
of them, and glycine and lysine were not utilized. Wyatt et al. (1971) have reported
the utilisation of casamino acids, arginine, glycine and urea as nitrogen sources for
four nitrogen-fixing and three non-fixing strains; three of the four N2-fixing strains did
not take up urea, thus indicating that molecular nitrogen was a more suitable
substrate. Kapp et al. (1975) showed that most amino acids, most purines and urea
are good nitrogen sources for growth in Agmenellum quadruplicatum. Berman (1997)



showed that components of the DON pool were the major source of nitrogen for a
natural freshwater assemblage dominated by the cyanobacterium Aphanizomenon
ovalisporum, a monoculture of which grew well in mineral media supplemented with
urea, hypoxanthine, lysine, guanine and glucoseamine.

On this basis, we have endeavoured to investigate whether uptake of dissolved
organic compounds might favour the growth potential of toxic cyanobacteria and
dinoflagellates in the Gulf of Riga. Here we report nutrients limiting the growth
potential of natural assemblages along a transect from the Daugava River mouth to
the central part of the gulf, and we report the first results concerning the role of
dissolved organic substances and DOM of terrestrial origin as a potential source of
nitrogen in summer.

MATERIAL AND METHODS

Surface and thermocline water samples were collected on 25 and 29 July 1997,
along a transect from the mouth of the river Daugava to the central part of the gulf
(Fig. 1). Seawater was filtered through 150 pm mesh and brought to the laboratory in
only a few hours. Inorganic nutrient concentrations were immediately measured
using manual protocols.

Dissolved organic matter (DOM) was extracted from water of the Daugava
River, in the estuary area, by using a tangential flow ultrafilter. First, water was
filtered through 1.2 ym and 0.2 um Opticap filter units (Mill'ipore); then, DOM was
concentrated with a tangential device, the PreplscaleT TFF 6 ft* cartridge
(Millipore). Two fractions (M >1000 D, and M <1000 D) were extracted. Analysis of
dissolved organic nitrogen (DON) contained in extracted DOM could not be carried
out immediately; consequently, samples for experiments (see below) were spiked
with tentatively calculated amounts of nutrients. Calculations turned out to be fairly
accurate for the fraction >1000 daltons, but they were too low by one order of
magnitude for the fraction <1000 daltons. Measured concentrations of the two
fractions were: (i) fraction <1000 daltons: N = 90 yM, DIN = 30 pM, DON: 60 uM
including 7 uM urea; (ii) fraction >1000 daltons: : ZN = 803 uM, DIN = 67 uM, DON:
736 pM including 56 UM urea. Since the initial nitrogen concentration for the cultures
treated with the fraction <1000 daltons was in fact 1.5 uM instead of 15-25 pM in
other treatments, the data obtained have been discarded.

(i) Bioassays for nutrient(s) limiting the growth potential (AGP). Aliquots (25 ml)
were added in triplicates to 31-ml polycarbonate tubes, and the respective 1 ml
enrichment mixtures (Table 1) were added. Initial nutrient concentrations in spike-
enriched media was assumed to be low enough not to change the ecophysiological
adaptation of the test algae and to be high enough to sustain an algal biomass
significantly higher than that sustained by the unenriched controls, thus making clear
which nutrients, if any, were present in situ at concentrations sufficiently high to
sustain growth and which were not (for detailed discussion, see Maestrini et al,
1984). Incubation of the test cultures was carried out by placing the tubes in front of
a north-facing window; the light period was roughly 16 hours light and 8 hours dark,

at about 100 pmole.m‘z.s_1; temperature varied between 18°C and 22°C with a

circadian period. /n vivo fluorescence was monitored daily for 6-10 days, with a R10
Turner Fluorometer (Brand et al,, 1981), until maximum growth had been obtained in
each case. In plotting the data, the value obtained after all-nutrient enrichment was
defined as 100 %. Data sets were first inspected by comparing the different
enriched-culture bars with those of the unenriched and the all-nutrient enriched
controls. For each set (one-water-sample-one test assemblage or species), it
resulted in a number of limiting nutrients and a rank for each limiting nutrient. Then,
in order to quantify the limiting role of each nutrient, the ratio of biomass in the "All



minus one nutrient" (abbreviated "All-X/control") enriched aliquots to the biomass in
the unenriched control was also calculated. In other words, for one nutrient missing
in the spike and therefore present in the culture medium at its in situ concentration,
this ratio is the increase in the coefficient of the natural AGP sustained by that
nutrient. Hence, the lower the coefficient, the greater limiting effect, and vice versa.
All included, 10 bioassay sets were done. All test cultures grew well, thus indicating
the absence of adverse chemical conditions. The biomass was estimated by analysis
of the protein content (Petty et al., 1982).

(iiy Enrichments with nitrogenous organic compounds under P-, Si- and Fe-
replete conditions. Surface water was enriched with PO4, SiO3 and Fe-EDTA at
balanced concentrations with respect to that of nitrogen, and 150 ml was added to
300-m| polycarbonate Erlenmeyer flasks. Ammonium, glutamic acid, glycine,
guanine, hypoxanthine, putrescine, spermine and urea were then added singly (25
puM). Treatments were done in duplicates. Culture conditions were as for the AGP
bioassays. /n vivo fluorescence was read daily.

(iiiy Enrichments with dissolved organic matter taken from the Daugava River.
Surface water from the central part of the gulf (station 121) was added (150 ml) to
300-ml polycarbonate Erlenmeyer flasks, and then differentially enriched (table 2).
Treatments were done in duplicates. Culture conditions were as for the AGP
bioassays. /n vivo fluorescence was read daily. At the termination of growth, cell
concentration was measured, and protein concentration was determined.

(iv) Growth of the potentially toxic cyanobacteria Microcystis aeruginosa in the
presence of DOM extracted from Daugava River. Surface water collected in the
central part of the gulf (station 119) was filtered through a 0.45 um membrane filter,
enriched with PO4 (1.7 pM) and Fe-EDTA (100 nM, 0.6 uM), and added (25 ml) to
30-ml polycarbonate tubes. Then the following nitrogen sources (25 pM) were added
individually to 1 ml volumes of: NO3, NHg4, glycine, hypoxanthine, putrescine,
spermine, urea; 3 ml DOM>1000 was added giving an initial concentration of 15 uM.
All treatments were done in triplicates. The initial concentration of Microcystis

aeruginosa was 60x1 O6 ceils.l_1. Culture conditions were as for the AGP bioassays.
In vivo fluorescence was read daily. At the termination of growth, cell concentration
was measured, and of the protein concentration was determined.

RESULTS
Environmental conditions

The Gulf of Riga was thermally stratified at time of sampling. At station 119,
temperature (20.5 °C) was uniform from the surface to a depth of 8.3-m; then it

sharply decreased to 5.0 °C at 21.5 meters, with a decrease rate of 1.0 °C m (Fig.
2). The temperature further decreased gradually to 3.5°C at 42-m depth. In contrast,
the salinity varied little from the surface to the bottom, increasing only from 5.44 to
6.23 NTU. At the other central station (121), the situation was similar, except that the

temperature decreased more slowly, 0.9 °C m'1| in the thermocline layer: from 9.8 m

and 28.2 m depths. At stations D-30 and D-20, although much closer to the coast,
the thermocline was still sharp, 1.1 °C m” from 2.4 m to 18.8 m, and 1.8 °C m™ from
3.4 m to 10.3 m, respectively. Salinity increased only slightly, from ~4.0 to ~6 NTU.
The vertical structure of the water changed markedly in the vicinity of the river
mouth. At station D-10, there was a continuous decrease in temperature from circa
17 °C to circa 4 °C between the surface and the bottom (12-m depth), (Fig. 2). The
river water column was also stratified at the entrance of the estuary, though the
thermocline was not sharp. In the upper 0-3.8-m layer, temperature declined only



from 21.2 to 21.0°C, and salinity increased from 0.89 to 0.95 NTU. Then
temperature continuously decreased further to 8.6 °C near the bottom, while salinity
increased to 5.44 NTU.

The inorganic nutrient concentration decreased strongly between the river
mouth and the central part of the guif (station 121; 37 nautical miles from the mouth).
In surface water, the concentration of NO3+NO2+NH4 (DIN) decreased ~30 fold
from 17.3 to 0.6 pM. At 5 nautical miles out (station D 30), DIN concentration was
already <1 uM. A similar decrease occurred in the thermocline layer, but the
difference was not as much: DIN concentration decreased ~20 fold. from 10.3t0 0.5
UM. The overall decrease in PO4 concentration was even more drastic; surface

concentration at the mouth was very high (3.5 uM), while it was near detection level
in the central part of the gulf (0.03 uM), an ~117 fold decrease. The decrease was
slower than that of DIN, however; 8 nautical miles out, it was only 13 times less.
Relative variations in inorganic nitrogen and phosphorus concentrations led to an
increase the DIN:PO4 ratio from 5 to 20 (table 3). Similar trends occurred for
dissolved inorganic silicate, whose concentration in surface water decreased 45
times: from 72.0 to 1.6 uyM from the river mouth to the central part of the gulf. The
ratio silicon concentration to DIN concentration did not vary much with distance out
from the river; from the mouth to the central gulf, DIN:SiO3 halved.

Taken overall, the central part of the gulf (stations 121 and 119) and those
coastal waters not enriched in nutrients by the river discharge (station D-30) were
clearly nitrogen- and phosphorus-poor, while waters closer to the river mouth
(stations D-20 and D-10) were clearly nitrogen- and phosphorus-rich. In the central
gulf, DIN concentrations ranged between 0.5 and 1.0 pM, and PO, concentration
ranged between 0.03 and 0.07 pM, while in the plume the corresponding values
were 3.8 and 9.2 uyM DIN, and 0.20 and 0.79 uM PO,. Conversely, the whole studied
area was rather silicon-repleted relatively to nitrogen and phosphorus; in the central
area, all concentrations were everywhere >1.4 uM, and the Si:DIN ratio was > 1.7.

AGP bioassays

In unenriched controls, algal growth was small with respect to that in all-nutrient-
enriched treatments. However, there were significant differences between nutrient-
poor waters from the central part of the gulf and waters collected in the river-
discharge plume, the algal yield in unenriched surface and thermocline central
waters (station 121) represented only 4.9 % and 8.0 % of that in all-nutrient-enriched
cultures, while the corresponding values in water collected near the river mouth
(station D-10) were 19.6 % and 32.0 %. For most samples, the nutrient-spiked
cultures showed a significant increase over the initial biomass compared with the
unspiked contro! cultures (Fig. 3); the overall averaged value of the ratio « yield in
best spike versus yield in unenriched control » was 21.2 (standard deviation = 10.0;
N = 10). Growth was only slightly enhanced, however, when either nitrogen or
phosphorus was absent in the enrichment (Fig. 4). Omission of nitrogen alone (All -
N) usually gave a smaller biomass than did omission of phosphorus alone (All -P),
however. Omission of silicon and vitamins from the enriching mixtures decreased the
algal yield slightly. On the other hand, in a few cases, the addition of Co, Mn and Mn
slightly promoted growth.

Inspection of the bioassay sets showed that in all cases but one, the AGP was
limited by at least two nutrients (table 4); for surface water at station D-20, nitrogen
was the single limiting nutrient. Over the 10 sets, one was limited by nitrogen and
phosphorus equally. For all other waters, nitrogen was found to be the primary
limiting nutrient and phosphorus to be the second one. In central water (station 121),
the third most limiting nutrient appeared to be chelated iron. With three samples, the
absence of silicon and vitamins from spike enrichments led to a reduced yield; the



decrease, however, was greatly lower than that triggered by the absence of nitrogen
or phosphorus. Altogether, the nature of the nutrients most limiting the growth
potential of the natural assemblages did not change from water near the river mouth
(station D-10) to waters in the central part of the gulf (stations 119 and 121).

The mean values of the yield coefficient, reflecting the limiting effect of each
nutrient, was 1.4 for nitrogen, 5.0 for phosphorus, and 13.3 for silicon and/or
vitamins, while all nutrients added together gave a coefficient of 17.4 (table 5). The
addition of unchelated iron did not enhance the yield with respect to that sustained
by the addition of both nitrogen and phosphorus; moreover, the mean coefficient was
greater for the N+P treatment: 12.2, than that of N+P+Fe treatment, 11.6. This was
not valid for all samples, however; as in the surface waters of stations 121 and D-
10, addition of iron stimulated the algal yield. Altogether, the addition of trace metals
slightly enhanced the growth potential, with once again discrepancies between
waters. The absence of nitrogen and phosphorus limited AGP more markedly in
water from the central part of the gulf than in water near the river mouth: the
respective growth coefficients were 0.5 and 1.0 in the offshore samples, and 1.2 and
2.6 in the nearshore ones. The absence of silicon and/or vitamins had no effect in
water from the central part of the gulf; their coefficient, 24.6, was 21 % higher than
that for all nutrients added.

Growth of natural surface assemblages in the presence of nitrogenous
organic compounds, and under P-, Si- and Fe-replete conditions

The growth curve of phytoplankton was dome-shaped. Biomass peaked within
Day Three and Day Four in central nutrient-poor water (station 121; Fig. 5), while
maximum biomass occurred as soon as Day Two in nutrient-rich nearshore water
(station D-10). Growth nutrient-poor central water was greatly increased when most
nutrient enrichments were added. In contrast, growth in water near the river mouth
was only slightly increased when nutrient mixtures were added; growth in the
unenriched control was as great as in best treatments with central waters.
Altogether, maximum biomass in most effective treatment was twice as much in
water from the river plume (station D-10) as in that in nutrient-poor central water
(station 121).

Urea appeared to be the best organic nitrogen source. For all the waters we
used, growth was roughly 20 % greater than that in the presence of ammonium (Fig.
6). With the water sampled in the river plume (station D-10), the presence of an
important reservoir of natural DIN (9.2 pM ) somewhat biased the comparison,
however. Glycine, hypoxanthine and putrescine were the other three nitrogen
sources used by all three phytoplankton assemblages, with growth representing at
least 50 % that with ammonium. Growth in the presence of other nitrogenous
substances was diverse; glutamic acid and spermine sustained a good growth in
water from near the river (station D-10) and low or no growth in nutrient-poor water
from station D-30. Guanine was the single compound not to sustain growth in any of
the water samples tested.

Growth of natural surface assemblages in the presence both of dissolved
organic matter taken from the Daugava River and of nitrogenous organic
compounds

The addition to water of all the inorganic nutrients tested sustained important
and rapid increase in algal biomass; in four days, growth peaked and represented a
60-fold increase in the initial biomass (Fig. 7), thus reflecting a growth rate of 1.5

div. day'1. The absence of nitrate from this mixture prevented phytoplankton from
growing more than in the unenriched control, thus reflecting strong nitrogen limitation



in the water sample; growth represented about 18 % of that in the all-inorganic-
nutrient treatment (Fig. 8). When added alone, inorganic (NO3, NH4) or organic
(urea, putrescine) nitrogenous compounds promoted a biomass representing
between 35 and 51 % that of the all-inorganic-nutrient treatment, urea being the best
nutrient substrate. The single addition of EDTA only slightly promoted algal growth.
Addition of DOM extracted from the Daugava River led to surprising results.
Overall, DON provided by DOM sustained algal growth as much as ammonium and
nitrate (Fig. 8). However, additions of DON at increasing concentrations of 5, 15 and
49 pM sustained maximum biomasses representing 53, 32 and 41 % that with all-
inorganic-nutrient, respectively. Addition of phosphorus, silicon and iron with 15 uM
DON increased the final biomass; it did represent 45 % that in the all-inorganic-

nutrient, whereas the corresponding value for 15 uM DON added alone was only
32 %.

Growth of the potentially toxic cyanobacteria Microcystis aeruginosa in the
presence both of DOM taken from the Daugava River and of nitrogenous
organic compounds

Growth started after roughly one day's lag. Then, the addition to water of
spermine and ammonium led to large increases in in vivo fluorescence; in best-
growing replicates, after 5 days of culturing, the initial value had increased 48 fold

(Fig. 9), thus reflecting a growth rate of 1.1 div. day'1, Growth as reflected by
fluorescence activity was slower in the presence of nitrate. In cultures where DOM
extracted from Daugava River was added, the initial value of the in vivo fluorescence
was much higher than in other treatments; no increase was recorded at the end of
culturing. No increase of the of the in vivo fluorescence was also observed in the
unenriched control, while a light increase occurred in water spiked only with
P+FeEDTA.

Final biomasses, calculated as protein yield, showed different patterns:
differences appear reduced. The best nitrogen source was ammonium; it sustained a
yield twice as much as did nitrate. Respective growth with urea, glycine,
hypoxanthine, putrescine and spermine as sole source of nitrogen ranged between
145 and 175 % that with nitrate (Fig. 10). Organic matter from the Daugava River
sustained growth representing 80 % that with nitrate, even though the concentration
of DON was only 15 pM, while that of nitrate was 25 pM. Addition of phosphorus and
chelated iron with no addition of nitrogen led to a biomass representing 70 % that
with nitrate, while in the unenriched control corresponding value was 45 %.

DISCUSSION
Nitrogen as limiting nutrient in summer

A few results conflicted in indicating which nutrients most limited the
phytoplankton growth potential (AGP). Outside the river piume, from 9 km from the
river mouth (station D-30) to the central part of the gulf (station 121), both surface
and thermocline-layer waters were very poor in DIN (table 3). In three samples the
DIN:DIP ratio was lower than 16, thus indicating a nitrogen limitation (Redfield 1934),
while and in three other samples, the ratio was higher than 16. As the phosphorus
concentrations were near the detection limit, however, these ratios may be
somewhat imprecise. In waters influenced by Daugava River (station D-10 and D-20,
9.6 km from the mouth), concentrations of DIN equalled or exceeded 3.8 pM, and
three over four DIN:DIP ratios exceeded 16, thus indicating phosphorus limitation.



Conversely, in the water at the mouth of the river, the DIP concentration was high,
and the DIN:DIP ratio was lower than 16.

Consideration of the bioassay results, however, suggests, firstly that nitrogen
was the nutrient most limiting AGP, (in all samples except one, limited equally by
phosphorus and nitrogen: table 4) and secondly that phosphorus was the second
most limiting nutrient in most cases, and at a degree only slightly less than that of
nitrogen (table 5). In the same area in mid spring (May to July 1996) (Maestrini et al.
1997) phosphorus was clearly the most limiting nutrient in nitrogen-rich waters
greatly influenced by river discharge. In late spring, with the decrease in the DIN
reserve, nitrogen and phosphorus then had an equal limiting role. In summer, when
river discharge was the lowest, the whole area was nitrogen-limited. On this bases,
we believe that, in summer, there is a weak gradient in nutrient limitation from the
estuary to the central part of the gulf. Nearshore, in the plume influenced by
freshwater discharge, nitrogen and phosphorus are equally limiting, while in the
central part of the gulf, AGP is clearly nitrogen-limited.

For the Baltic Sea, similar features have been reported previously. Lignell et al.
(1992) observed that phytoplankton biomass was P-limited at the inlet of a fjord,
whereas in the open sea both nitrogen and phosphorus were limiting. Pitkanen and
Tamminen (1995) found that, in summer, from the river Neva to the open part of the
Gulf of Finland, both DIN:DIP ratios and bioassays indicated that phosphorus alone
limited AGP in the river. There, phosphorus was the first limiting and nitrogen was
the second limiting nutrient in the estuary, in the transition zone nitrogen was first
limiting and phosphorus was the second limiting nutrient, and in the open gulf
nitrogen was the single limiting nutrient.

In our experiments, other nutrients out of nitrogen and phosphorus had little
influence on the limitation of AGP. All SiO3:DIN ratios ranged between 1.2 and 26.8,

thus leading to the conclusion that silicon never limited. On occasion, silicon and
vitamins appeared from bioassays to be potentially limiting in several waters; they
clearly played a much weaker role, however (table 5). Notwithstanding, they could
become limiting if concentrations of nitrogen and phosphorus supplies should ever
greatly increase in the future. Iron appeared to be limiting only in central part of the
Gulf. Hence, conclusions inferred from data obtained in 1996 (Maestrini et al. 1997)
are also valid for 1997.

Potential uptake of urea and DFAA in nitrogen-limited waters

Results from the addition of nitrogenous P-, Si- and Fe-replete conditions,
support the idea that nitrogen plays the primary role in limiting AGP. This is true both
for natural phytoplankton (Fig. 6) and for the cyanobacterium Microcystis aeruginosa
(Fig. 10) growing in central water: the yield in the nitrogen-unenriched controls was
negligible compared to yields nitrogenous compounds were added. Such conditions
are expected to stimulate photoheterotrophy (Flynn and Butler 1986, Glibert et al.
1991) and other mixotrophic ways of obtaining nutrients in organic form (Doddema &
Veer 1983, Nygaard & Tobiesen 1993, Gordon et al. 1994, Havskum & Riemann
1996, Stoecker et al. 1997).

From all the experiments urea appears to be the best organic source of N for
natural communities (Fig. 6 and 8). Glycine, hypoxanthine and putrescine were the
next best nitrogen sources for all natural assemblages tested, while glutamic acid
and spermine supported growth only in one case each (Fig. 6 and 8). Guanine was
not significantly used by any of the three assemblages tested.

It has long been known that algae can grow in the laboratory with organic
nitrogen compounds as sole nitrogen (Droop 1961, Antia et al. 1975, Turner 1979,
Dzurica et al. 1989, Hillebrand & Sommer 1996). Moreover, some species prefer
urea to nitrate (Molloy & Syrett 1988, Soérensson et al. 1989, Cochlan & Harrison



1991). Then a critical question arises: does this capability act under natural
conditions? The aim of most laboratory studies has been to characterise
biochemically some strains, in order to differentiate them by their growth patterns, for
taxonomic purposes. Most investigators choose experimental conditions where the
concentration of nitrogen source is 100 or even 1000 times higher than the values
characteristic of the sea. They may thus be activating one or more different uptake
mechanisms not active at natural concentrations (Berland et al. 1979). Therefore
such results might not reflect the behaviour of phytoplankters in nature.
Nevertheless, some important features from these works are (Bonin and Maestrini
1981): (i) The responses differ greatly with the species, and all organic compounds
tested do not give each species the same growth capability; (i) urea is a good
potential nitrogen source for almost all species; (i) amino acids are used differently
by different species, and usually, glycine, glutamic acid, asparagine and tryptophane
are more frequently used than lysine, proline, phelylalanine and tyrosine; (iv)
previous restriction of N availability greatly accelerates the rate of amino acid uptake.

Urea, a terminal product of nitrogen catabolism, is excreted by herbivorous
planktonic zooplankton (Corner and Newel 1967, Mitamura and Saijo 1980, 1986)
and other metazoans (Bamstedt 1985, Walsh et al. 1990, Aldridge et al. 1995,
Wright et al. 1995). Thus in situ urea-N concentration can reach values as high as
8.9 UM in estuaries along the Georgian, USA, coast (Remsem et al. 1972), and 4.5 -
7.4 pM in a shaillow eutrophic lake, with peak values coinciding with highest
zooplankton biomass (Goma et al. 1996). In the open part of the Gulf of Riga, urea-
N concentrations ranging from 0.5 to 1.5 pM have been recorded in August 1988 (A.
Yurkowskis, personal communication), while all values but one recorded from May to
July 1996 at varied stations ranged within 1.3 and 5.6 pM (Maestrini et al. 1997).
Such values are consistent with K values for the two enzymes acting in the initial
step of urea metabolism. McCarthy (1972) demonstrated that several marine
diatoms have urea uptake K values from 0.42 to 1.70 yM N, not very different from
those with ammonia. Healey (1977) observed similar values for K constants in
freshwater algae. Also, Lomas et al. (1996) demonstrated that natural populations of
Aureococcus anophagefferens have an even higher affinity for urea than for nitrate
and that the Kg value calculated for urea was extremely fow: 0.03 pM N, and was

coupled with an high Vna It is therefore not surprising that field research has
furthermore shown that urea is an important potential nitrogen source for natural
assemblages in several coastal waters (Kristiansen 1983, Turley 1986, Price &
Harrison 1988, Glibert et al. 1991, Fernandez et al. 1996, Gu et al. 1997). In the
western Baltic Sea, the uptake rate for urea can be five times faster than that for
nitrate (Sorensson ef al., 1989), and urea has appeared to be an important nitrogen
source during the regenerated phase of plankton succession in the Gulf of Finland
(Tamminen & Irmisch, 1996). The conceniration we used in our enrichment
experiments (25 pM) was 5§ times higher than jn sifu concentrations.
Notwithstanding, it was 20 times lower than that in most laboratory experiments, and
1000 times lower than concentrations required by some species for adaptation to
growth with urea as nitrogen source (Antia et al. 1977). Thus we can infer that urea
is an important potential nitrogen source for summer phytoplankton in the Gulf of
Riga.

Amino acids are also metabolites naturally released by both phytoplankton
(Hellebust 1965, Hammer et al. 1981, Poulet & Martin-Jézéquel 1983) and
zooplankton (Webb and Johannes 1967, Poulet et al. 1986, 1991). In coastal waters,
the huge biomass of fixed organisms can also contribute to increase dissolved free
amino acid (DFAA) concentrations (Tupas & Koike 1990). Altogether, total DFAA
concentration has been reported to vary between 0.7 and 0.9 yM in a shallow
estuary on the east coast of Denmark (Joergensen 1982), from 0.9 and 1.2 pM in
the Gulf of Marseilles (Daumas 1976), and to fall in the ranges of 0.2-5.9 uM (Le
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Jehan & Tréguer 1984) and 1.1-4.5 pM (Poulet et al. 1985) in land-locked coastal
waters of Brittany, thus representing a significant fraction both of DON and of the
total nitrogen nutrient pool, particularly in summer when the DIN pool is exhausted or
near exhaustion. In the Baltic Sea, Dawson & Gocke (1978) recorded values in

which all but one ranged between 13 and 38.6 ug I'1 (i.,e. 0.1-0.4 uM N), within the
range of summer DIN concentrations. In contrast, Lee & Bada (1877) reported far
lower concentrations (20-50 nM) along a transect from Biscayne Bay, Florida,
towards the Gulf Stream; DFAA concentration was fairly constant regardless of
distance from shore and very similar to the open ocean concentrations of the
Sargasso Sea. In the New York Bight, Fuhrman & and Ferguson (1986) also
recorded total DFAA concentrations in the nanomolar range.

Several species have been reported to take up DFAA at concentrations close to
those in situ. Wheeler et al. (1974) who studied 25 strains cultivated on nine amino
acids, observed that 75 % of the strain-substrate combinations allowed fairly good
growth at a concentration of ~1 yM N. Clark et al. (1972) moreover observed that
many littoral phytoplankters have transport systems which allow them to accumulate
and assimilate amino acids at concentrations characteristic of natural waters.
Furthermore, Admiraal et al. (1984, 1986) showed that benthic diatoms can deplete
to circa 10-40 nM N additions of mixtures of amino acids totalling 4-10 uM N, in the
presence of either ammonium or nitrate at a concentration of 25 or 50 uM.

As a whole, however, phytoplankton uptake of DFAA is dependent on the
presence of other nitrogenous forms. Indeed transport of all amino acids has been
proved to be repressed by ammonia (Wheeler 1977). Accordingly, it is thought that
DFAA cannot sustain algal growth during spring biooms, but they may well become a
significant potential nitrogen source in DIN-poor summer waters.

Only a few reports have shown growth in natural phytoplankton assemblages to
be partly sustained growth by DFAA. Schell (1974) described the situation in coastal

marine waters of Southeast Alaska, where the uptake of T4¢. and 15N-Iabel!ed
glycine and glutamic acid showed utilisation by natural assemblages at low but
detectable rates compared wit those of nitrate and ammonia. Rivkin & Putt (1987)
reported that diatoms isolated from benthic, planktonic and sea-ice microbial
Antarctic communities assimilated ambient concentrations (4-25 nM) of amino acids
in both the light and the dark. In the Chesapeake Bay, Glibert et al. (1991) concluded
that DFAA contributed to only a very small fraction of the total N utilised, while urea
contributed up to 70-80 % during winter and summer.

Algal species are not normally light-limited in surface waters; they can therefore
easily meet their nitrogen demand with the uptake of inorganic forms. In contrast,
bacteria must provide both nitrogen atoms and the metabolic energy required to
involve them in protein synthesis. They are the best equipped in this competition,
since bacterial uptake of organic substrates can proceed more rapidly and at a lower
substrate concentration than algal uptake. Moreover, they rapidly adjust their uptake
rates to high concentrations of DFAA by metabolic adaptations or activation involving
the synthesis of inducible enzymes (Hollibaugh 1976). Hence, bacteria can be the
primary consumers of DFAA in coastal and estuarine waters (Azam and Hodson
1977, Sepers 1977).

We can thus conclude that, although DFAA are not a key potential nitrogen
source for the bulk phytoplankton in the Gulf of Riga, on occasion they might be a
significant nitrogen source for some species. Experiments to separate bacterial and
algal DFAA uptake should be the next step of research.

Potential uptake of dissolved organic nitrogenous substances of terrestrial
origin in central water assemblages



The single addition of DOM, taken from the Daugava River, to the central water
assemblage led to a biomass increase similar to that sustained by the addition of
nitrate (Fig. 8). However, data obtained do not give a clear picture of the role played
by DOM as nitrogen source for the growth of phytoplankton. In the first place, DOM
provided a concentration of DON, 49 pM, twice that of nitrate, 25 yM. Secondly,
DOM provided also P and Si whose concentrations in the experimental treatments
were 0.24 yM and 13.6 pM, respectively. Then, the treatment containing 15 pM DON
in the presence of PQO4, SiO3 and Fe-EDTA should have led to a biomass
representing circa 60 % that of the control « All ».; the biomass which was recorded
represented only 48 % that of the control when EDTA was present with iron, and only
38% when EDTA was omitted. A similar discrepancy was observed by
Gedziorowska & Plinski (1988) who supplied natural phytoplankton assemblages
isolated from the Bay of Gdansk, Baltic Sea, with DOM extracted from the same
water: the single addition of DOM promoted algal growth as much as the single
addition of NO3, but combined addition of DOM, NO3 and P04 did not give
significantly greater biomass.

Since algae are thought not to be able to compete with bacternia for uptake of
|abile dissolved organic substrates (Hass & Webb 1979), most research on DOM as
nutrient source has been focused on bacteria (Cherrier et al. 1996, Gardner et al.
1996).

The DOM in seawater was first assumed not to provide any nutrient to the
microbiota. Provasoli (1963) pointed out, however, that only slowly metabolisable
organic substances should tend to accumulate in seawater; accordingly, he argued
that organic substances discharged by rivers in coastal water have little or no
nutritional value. In contrast, Prakash & Rashid (1968) and Prakash et al. (1973)
demonstrated a stimulatory action of small amounts of humic substances isolated
from river water, soil and marine sediments on the growth of marine diatoms and
dinoflagellates, which led them to conclude that the significant input of terrigenous
humic material results in a « biological conditioning » in favour of phytoplankton
production. On this basis, the beneficial role of DOM has been assumed to act
indirectly, mostly by changing the availability of the metals present in seawater
(Barber and Ryther 1969, Anderson & Corbett 1979, Morel et al. 1991).

In contrast, Granéli et al. (1985) demonstrated that addition of humic and fuivic
acids isolated from rivers promoted both the biomass yield and the growth rate of
Prorocentrum minimum cultured in filtered nutrient-poor seawater. Differential-
enrichment biocassays showed that these substances supplied nitrogen, and cells
took up as much nitrogen per cell when grown in water with humic and fulvic acids as
when grown with inorganic nitrogen. Then, Granéli et al. (1989) reported that
dinoflagellate biomass increased several fold when humic acids were added to
mesocosms with nitrate; on this basis, they concluded that the N in the humic
fraction was to some extent available for the dinoflagellates. In addition,
commercially available humic acid salt or extracted humic acid compounds from
rivers were supplied to natural assemblages by Carlsson and Granéli (1993) and by
Carlsson et al. (1993). Algal biomass and alkaline phosphatase activities were
significantly higher in the presence of humic substances than in nitrate-enriched
controls. There was evidence of both bacterial degradation of humic compounds and
algal growth sustained by humic-bound nitrogen. In contrast, further research by
Carlsson et al. (1995) showed that humic acids extracted from river water only
slightly enhanced total phytoplankton biomass and primary production when added
to natural assemblages grown in mesocosms. Nevertheless, the growth of smail
flagellates was significantly stimulated.

On the other hand, Palenik et al. (1988-89) showed that some phytoplankters
can use various forms of DON without initial transport into the cell, by using cell-
surface enzymes to degrade these forms of nitrogen to NH4, and Berman et al.
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(submitted) have shown that a significant fraction of DON can be degraded to NHg4
or urea by indigenous bacteria and/or free dissolved enzymes, in both coastal and
fresh waters.

Coastal waters close to estuaries receive large. quantities of DOM from land
sources. A large increase in the amount of humic substances occurs in areas such
as the west coast of Sweden, where the increase amounts to 50 % (Andersson et
al., 1991: fide Carlsson et al., 1993). in the Greenland Sea, total DON concentration
was reported to be as high as 5 pM (Lara et al. 1993). Hence, DOM from terrestrial
origin could directly or indirectly provide amounts of nitrogen significant for
phytoplankton.

Overall, we infer that the role of DON from terrestrial origin as a nitrogen source
for the natural summer assemblages in the Gulf of Riga is likely, but at present
whether it really is importance is still an open question.

Potential uptake of dissolved organic nitrogenous substances by the
cyanobacterium Microcystis aeruginosa

The five nitrogenous compounds tested as the sole source of nitrogen sustained
a yield representing between 145 and 175 % that with nitrate (wrong!!!!) (Fig. 10),
while the corresponding value with DOM extracted from Daugava River was only
90 %. With the DOM treatment, the concentration of DON was only 15 pM, while
nitrate was present at 25 pM. Hence, one can speculate that the yield in the
presence of DOM would have been 150 % if we could have added DOM in order to
provide an initial DON concentration of 25 uM. If this is true, DOM from terrigenous
origin would be a potential nitrogen source for M. aeruginosa as good as urea,
glycine and the purine derivatives we tested. Therefore, although at present no clear
conclusion can be derived from data we obtained, it can tentatively hypothesised that
DOM is a possible nitrogen source for M. aeruginosa. Further research with
improved extraction method of DOM and DON concentrations equal to natural
conditions is clearly required.
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Table 1. List and composition of spike enrichments used to bioassay the nutrient(s) limiting

the growth potential of natural assemblages collected on 25 July 1997.

Reference Reference

number Contents number Contents

1 Nothing 7 All -P -Si

2 All 8 All -FeEDTA -Si
3 All -N S +N

4 All -P 10 +P

5 All -Si -Vit _ 11 N +P + Fe

6 All -N -Si 12 All + Metals

All = N-NO; (25 pM) + P (1.7 pM) + Si (30 pM) + Fe (100 nM) + EDTA (0.6 pM) + Vitamins
Metals = Co (5 nM)-+ Mn (50 nM) + Mo (50 nM)

Vitamins = biotin (205 pM) + cyanocobalamin (67 pM) + thiamine (75 nM)




Table 2. List and composition of spike enrichments used to test the effect of dissolved

organic matter taken from the Daugava River on the growth of natural assemblages

collected on 25 July 1997.

Reference

number Nitrogen source and concentration Other nutrients added

01 None

02 EDTA (N: 25 uM)

03 P (1.7 uyM) + Si (30 uM) + FeEDTA
04 NO3 (25 uM) P + Si+ FeEDTA (100 nM, 0.6 uM)
05 NO3 (25 pM)

06 NH4 (25 uM)

07 Urea (N: 25 uM)

08 Putrescine (N: 25 pM)

09 DOM (DON: 5 uM; DIN: 0.5 pM)

10 DOM (DON: 15 uM; DIN:1.3 pM)

11 DOM (DON: 49 uM; DIN: 4.5 uM)

12 DOM (DON: 15 pM; DIN:1.3 uM) P+Si+Fe

13 DOM (DON: 15 uM; DIN:1.3 uM) P+ Si + FeEDTA

14 DOM (DON: 15 uM; DIN:1.3 uM) Fe (100 nM)




Table 3. Nutrient concentrations in samples collected on 25 July 1997, at the surface and in

the thermocline, along a transect from the Daugava River mouth to the central part of the

Gulf of Riga.
Sample inorganic nutrient (pM)
Depth

Station (m) NO3 NO» NH4 DIN PO4 DIN:DIP SiO3 SiO3:DIN

121 0 0 0 0.6 0.6 0.03 20 1.6 2.7
15 0 0 0.5 0.5 0.07 7 1.6 32

119 0 0 0 0.6 0.6 0.05 14 1.4 2.3
15 0 0 1.0 1.0 0.04 25 1.7 1.7

D 30 0 0.4 0 0.1 0.5 0.26 2 13.4 26.8
8 0.1 0 0.7 0.8 0.01 80 2.1 26

D 20 0 43 0 04 47 0.26 18 252 54
7 0.9 01 2.8 3.8 0.20 19 4.4 1.2

D10 0 7.4 0.1 17 9.2 0.79 12 38.3 42
7 1.3 0.2 23 3.8 0.21 18 49 1.3

Mouth 0 14.8 03 2.2 17.3 3.50 5 72.0 46
7 7.0 0.3 3.0 10.3 1.00 10 30.3 29




Table 4. Nutrients limiting the potential biomass of phytoplankton in water sampled in the Gulf of Riga,
on 25 July 1997, at five stations located along a transect from the Daugava River mouth to the central

part of the guilf.

Limiting nutrient(s)

Depth

Station  (m) 1 2 3 4 Additional comments

121 0 N P EDTA or Fe-EDTA limiting

121 15 N P Fe-E Trace metals could be also limiting

119 0] N P Silicon and vitamins could become
limiting

119 15 N P

D 30 0 N, P Silicon and vitamins could become
limiting

D 30 8 N P Trace metals were stimulating

D20 0 N

D 20 7 N P Silicon and vitamins could become
limiting ; trace metals were
stimulating

D10 0 N P

D10 7 N P




Table 5. Relative growth index: growth of natural assemblages in the presence of different mixtures or

in the absence of one nutrient relative to that in unenriched control water. For the « all samples »

column, first number is the mean of 10 values (SD in parentheses). For stations 121 and D-10, the

values shown are for surface water.

Nutrient-poor

Nutrient-rich

All samples
(N =10) (station 121) (station D-10)

Presence of:

All + metals 19.5 (13.9) 17.9 3.9

All nutrients 174 (12.2) 20.2 5.1

N+P+Fe 116 (7.5) 15.6 3.3

N+P 122  (8.0) 144 2.9
Absence of:

N 1.4 (0.9) 0.5 1.2

P 50 (5.9) 1.0 26

Si and vitamins 13.3 (7.8) 246 47




Figures captions

Figure 1. Study area and positions of sampling stations. M: river mouth.

Figure 2. Vertical distributions of temperature and salinity on 25 July 1997 in the Guif of
Riga; typical stations sampled are represented, along the transect from the Daugava River

mouth to the central part of the gulf. Z: depth.

Figure 3. /n vivo fluorescence (arbitrary units) versus time, in a differentially-enriched aliquot
culture of natural the phytoplanktonic assemblage collected on 25 July in the Gulf of Riga (to
allow the software to draw the figure, a few missing data have been replaced by means of
preceding and following values). The example given is the sample collected in the

thermocline (15-m depth), at station 121.

Figure 4. Relative maximum algal biomass (%, measured as protein content) for different
spike enrichments; the shown are typical sets of data, from the empirical analysis of nutrient
imitation of AGP. Station 119 (surface): N was first limiting nutrient, P was the second
limiting nutrient, silicon and vitamins could become limiting; Station D-30 (surface). N and P
were equally limiting, silicon and vitamins could become limiting; Station D-20 (7 m): N was
first limiting, P was the second limiting nutrient, silicon and vitamins could become limiting,
trace metals were stimulating; Station D-10 (7 m): N was first limiting, P was the second

limiting nutrient. Calculations have been made using mean values of triplicates.

Figure 5. Growth of natural phytoplanktonic assemblages collected in offshore nutrient-poor

(station 121) and nearshore nutrient-rich (station D-10) surface waters, and cultured in the



presence of added organic nitrogenous substances, under P-, Si-, Fe- and vitamin-replete

conditions. (Measured as in vivo fluorescence (arbitrary units) versus time).

Figure 6. Relative maximum algal biomass (% of in vivo fluorescence in the presence of
ammonium) in phytoplanktonic assemblages from offshore nutrient-poor (stations 121 and
D-30) and nearshore nutrient-rich (station D-10) waters grown in the presence of different
organic nitrogenous substances. Growth took place under P- Si-, Fe- and vitamin- replete

conditions. Calculations have been made using mean values of duplicates.

Figure 7. Growth (in vivo fluorescence in arbitrary units versus time) of surface
phytoplankton from offshore waters (station 121), cultured in the presence of nitrogenous
compounds, and DOM (15 uM N) taken from Daugava River. Examples given are for the

best-growing aliquots.

Figure 8. Relative maximum biomass (%; measured as protein content), versus growth in the
presence of NO;+PO4+SiO3+FeEDTA, of surface phytoptancton of offshore water (station
121), cultured in the presence of various combinations of the following: DIN, urea, putrescine
and DOM (fraction >1000 daltons) taken from the Daugava River. Calculations have been

made using mean values of duplicates.

Figure 9. Growth (in vivo fluorescence (arbitrary units) versus time) of Microcystis
aeruginosa cultured from surface.nutn'ent-poor offshore water (station 119) in the presence
of various inorganic and organic nitrogenous compounds, and DOM (fraction >1000 daltons)
taken from the Daugava River, under P- and Fe-replete conditions. Examples given are the

best-growing aliquots.



Figure 10. Growth (relative maximum biomass in terms of %age of protein content,
compared with growth in the presence of nitrate) of Microcystis aeruginosa cultured from
surface offshore water (station 119) in the presence of various inorganic and organic
nitrogenous compounds, and DOM (fraction >1000 daltons) taken from the Daugava River,
under P-, and Fe-replete conditions (except « None » which did not received any addition).

Calculations have been made using mean values of triplicates.
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