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ABSTRACT

Faunistic composition ofzooptankton in thc Vistula Lngoon und seasonal and
long··term dynamics ofzooplankton nbundance and biomass are analyscd on thc
basis 01' tong-tenn ubservntions, pertbnncd by the author in 1980-1994. 1t is
shown that during thc last 10-15 years thc plan1.1:on assembly hus beeil
undergone structural changes stipulütcd by anthropogenous impact UpO[1 the
ecosystem. Analysis ofabiotic envirollmental fuctars defined thc development of
the Vistula Lagoon zooplankton is performed. Thc major role of water
temperature is determining zooplank.1:on biomass and salinity in determining
species composition ofthe assembly is shown.
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IntroductiOll
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Zooplankton s~mr;ks '.\\~n~ collcct~d at 3 st.ations (Fig, 1) by t!l;;
Vovk's ~ar~l}1:\.:r (Vo\'k. i9·~~!'j 01.' 10 1 voiumc, from ~. by~r:; (lmrft~cc.

ilit.:.:mct!icl~c ,-hlU lü\vcr) kL.:.iiy OI1CC per l1HmtIl from April to }Jo\\:n:b.:.·. ~:l:d

""'''i> l~""it ....!O;, l'lll'!"">l"'J"l" r'·,··.· ,-.,1 ~.·.'''tl'i'",··.t '\''""le- c·,rrl·(··:1 \.')llt by t11" , ,,,< ~"\,""1,., 1 ... \.'\0" I V ';'1 "") ...... "'-'_......... .: ...... Li .... " .......... '-'.... " ..... .:Jo Y-.I ",u .J. '--, \i"'........tl • .::::

mcthod (I-h:nsen, 1837). InJi\'idunl~ of cach spccies wcrc counteu. Cn1s!~(;{'~~!~q

were .C1n.~>sitied by Jge-l~ngth groups und appropriutc dcv~ionm~lli sr~~:~~~.

Copepoua nuuplii wcre c1assificd imo orthona'Jpiii and mclhwi~Ur:.Ei, ,;"up,~P(l'~:;

t'nte) st·,·,··", ('-1'1' '·t1{' 1"-\f "(I'11~ jndJ·v;·' .... ·l~ - l'n"'-lo m"lc(' f(., ,'.,C"' ,\,;,i~i""lt ..,,~,~. J ..4,b...... oJI .l lo.. t _ Y ti, \.4 ~ .. \. ............ ~y4..a....c. ~ ~ 4-" ....... ~ Jkl\., ..-, " I ...v.. '-.,,~,:O

sacks [lad \Vilh cgg 3ack~,
...... • I " l' (' , ,.. . 1 1 '1 •
Ijlcmu..::;3 was (;Sllll1uteu acco:-amg to rc ntlOtl 01 mGl\!l~i:l.! OUO)" \\ i,;i:;d u;:J

ll.:hgth (BalushkiuCl, Vinbcrg. 1979). Zocpianktoll ~bulld3nct= :.:.nd biom:.!::;:.; is
~sesf.cd in m3, e

Rcsults

Z t k . ~ I V· 1 l' ,. .... '
~oop an ~ton communtty ot 11(~ l;jnl.U .agoo1}}'; rcpre~;'.:nk·J r,~' .1 j'11:;/-:(

groups, such :lS Rot:~tari['.. C!J.uecera, Copepoca. In spring m~d ~llrmlt.::' ':)~:~~1':

othcr invertebrates group~ :.m.: tound, such os ~yrriocdia nauplii .:md P!niichct~

wethanuuplii. Zoopbnbün is rl.~prcs~nled. by 58' spccics ~md S'.~~)SF;:C:'~s,
. 'I u' ·...6· n .... t1; : ..... r Il. ;r"'!j.1,,,,",o,,1' 1" t... C, ....,,:~ .... ,·t,/'-,.·_~ .. """"\ ·r~~·tue U ing.) 5p... CIC;:S 01 nlll ll)' kl.. ~J ...h __...·...L·.~"'.::I •.• ..) 01. \"l"J}'(h.•- ..... .. ,,,~ -I' .,1,;
spccics numbcr in tilo:.;e ~~roWi:~ \"ar:ed in h.~iation to salil1itv 2rndic::t iil (;itTcrcn{_ A • _

Ofens of Lugoon. Tht; ml)~;t spc:cics di\'crsity was {jbs~r\'cd in hn1c~:i~!-;. ;:n::.t nc:.;:

the Prcgol riv~~rs mouth. In thc :U't~~s ::Jjnccnt to the Baltic stmi~ .~;:: ;:I.I~:::L~r i.<'
zooplankton tpt:cics dc~rcas(.d in ~~sociaton to s~inity increas~, Th.; i·.~~mC~~· .:.)1'
zooplankton spccic.'i was maximum in July-August. I,.\'hcn th: highcst
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1ciuperature occurccl. Duririg the yeafS \vhen salinity exceedcd the !ong-t('rm
avcrrige~ nunlbcr of specics in zoopla~kton comrhunity ~ecrcascd und eurihalinc
invcrtcbrates predominat~d . During'low sminity pcriods fresh-wntcf organizms
distnbuted tO\vards the BaItic strmt. Neverthclcss during thc years with \'::lIious
hydrologieal coriditiOlls the group of species sustainablc to snliIiity variations was
obscrvcd, inclÜding such species as, Rotatona: K.quadmtri: K.cochknris.
13.calvciflorus. F.lOllgi$cta, H.fenrlica; CI~docera: D.brachvurÜm; Copc;1oda:
E.ritlltlis.

Copepoda predomi~atcd in zooplank.-ton coirimuniiy amounted to 54% ur
total iooplankton aburidrincc 3l1d 781% of bioinnss (Fig. 2). Rotn~oda r~prcscnts
significririt contribtition (up to 44%) to iOoplunktöil abluidnr.ce, Cludoccrc.
amounts' to 2~1o of totul ubundailc~ und 12~:o of biomass. Tlic· group of sp\.:cics,
foürid ili smnplcs durinu cillirc pedod or observütion arid 'ccntributcd
si'grli11cantly zooplaak'ton ;buridnnce nnd, bkimass, iricluds such specics ns
B.cnlvciflorus, K.qundm1a. F.10!1i'!!s('ti E.dlinis.

. DUrillg tIiC vcgc~tion pcr:od pcak~ of ~pcci\;s dC\'c!opmcnt w.,;re ohscrvcd
:n thc Vistula Laci00n zooplan1cton commünity, r~.:)l~ltcJ iIi s~usol1Ul SpCCiC3"
groups fonn3tion. In spring penks of development \vcr~ ob~crved in. thci
lo};owil1g. spccics: 1\. Drlodoata.. B.anilulnris. B.cnJYcinoru~! _K.ql.lndmta,
H.ferinicn, Synh~eta spo.. A,viridis. Csrrenuus, E.äffini~:, ·H:irr.ucticidnc (Fig. 3).
In summer peak 01' ablindcince WCI-C obsen'ed :n u11 Cbdoccra. uS \;"dl ~s in

.Rotatorin, B.calyciflorus. ß.ammbris. D.nrccus. E:djlg!~~ta; r. !on<:,.i~et'b

K.cochlcnris und in Capcnoda: A. virid:s. A\:urti:l. spn. (ilm~nly 1-\ torisu). In'
autumn peak .ubundancc occured in th~ following si)ccics: 6.1,riQt1onta.
~nchae!.2 spn.. A bifilosa, E.!lf;ials.

Two peaks \'lere 0b~erVcd in thc :iCaSollal dynamics of zoopbnktoll
<.Ibundmlcc und biom~s, tbe spring oile in April··MbY, ~'1d tEe summer one in
Atigust. As a rule, ubuIidnnce und bic,ma.,::') peaks corre!ul~d iil time (Fig. 4).
During peak periods zooplunk.1on abundancc amounted to 272 tnous.ind. '111-:;) :

Und biomriss 1.8 g.m·-:I . Long-teml average zooplankton ~bunJ~mc~ und biomass
duririg the ~'dge~tion pcricd umounted to 145.6 th0l;lsar:d ind.m -3 und
0.91 g.m~ respecti~;cly (Tabl~ 3). .

Two p~3.ks ol~ abunccmce und hiomuss were obscrvcd in Rotntori:;: spri:1g
one in 11ay, und surn:n-.:r olle in A:.lgust. Stinuricr peak was \\cal:. A\'c.r~\;
ribundnri,:e ofRotatorin amounted to 140 thous. irid.iiI -3 ririd bioinass .
0.25. g.m-3 during thc p;;;:'ioJ v1' per:!::During thc vegetation pcnod riv~rugc

ubuncianccofR.olatoria untVuntii:~d L() 63.5 thotis. inu.in -:: und biomriss
0.09 R.m -3 (Table 3). . . "

...Clarloce'ra is ~h;)rnclcriied bv.onc pcak of devdoprilCnt in August \vlien
J ," ,

a"erag~ ubunduncc amountcd to 18 thous.ind.m·-3 amI bionins~ 0.5 g.nl-:'. Long-
tcnn Jata show that dunng \'egetatioll pcriod average abundancc 01' the laUer
appr?H\;hcd 3.5 thouiinu.riC) und biomuSs 0.11 g.m-3 (TabJe 3). Szasonai
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~ynamics of Copepoda aburidance and biomass shO\yed two peaks, in spring
(April-May) and in auturnn (August-September). During the spring maximum
average abundance of Copep~)da amounled to i42 thous.ind.m-3 , and biomass
1.5 g.m-:J . Peaks of abtindarice arid biomac.;s showed nö c<:m"clation in time
which was caused by t110 biological charactetistics of Copepoda. Thc incrc3Se 01'
aburidancc p:cccded the biomass peclc. According to long-term drita during the.
yeg~tation period thc average abundance 01' Cop~pod~ amounted t078.6 thous.
iou. m-3 , Md bjomass 0.71 g.m'-3 (Table 3).

The p3ssive experiment ~vas camed out to analyse iactOl's, definirig
zooplunkton development Ave.rüge monthly and integral tcmperaturc and
snlinity values were tlsed aS independent variables, as weH as thc abundance of
the Bnltie herring lar,:uc in Iv.tay-Junc \vhich became an index of predators
pressure. Young Baltic herring is ieeding in the Vistula Lagoon throughout th~

summer. In some yenrs the Baltic lierring abundance was considerable. In the
years of strong Bultic herring year-elasses, the sharp decreasc of zooplankton
density is ol1~(:r\'ed (up io 0.1 g.m-3 ). Data on the young Bultie herring
abundance \vere kindly presented by N; V.Krasovskaya. Average monthl)' and'
integral zooplankton abundance ri.hd biomassvulues were used 3S u dependent
varialbe. The analysis was carried out iaking in aecount zooplankton sjze
suitability to thc young Baltie herring as the forage basis, thcr~forc abundance
and biomass ofRotatoria and early copepodites stages ofCopcpoda in Ma)' w]H~n
they contribute the fish larvae food most significantly, were c'onsidcred 3S a
depCJldcnt "ariable.

A single-factor analysis revcalcid the highcr conelatioll 01' zoopluilkton
abundance und biomass to watcr tempernhlre than to saJinity. Howc\'cr lllUlti.:.
factor amuysis showeu that the cumulaiive c1rcet 01' water temperature und,
salinity had emergentic properties (corrcluHon 1actor \vas fi')111 0.85 teJ 0.92)
(Table 4). Thc young Baltic herring pr6ssure aff<?ctcd zooplnnktciil most
significantly in June. wlJen the young fish intensively eonsUl11cd zooplankton
(corrclation factor - 0.78). In !VIa)' correlation of the Baltic herring larVae
abundance tozooplank.1:on biomass was low. Thc correlation ibctor tor Rotatoria
was slightly higher. Cumuiativ~ effcct of water tCr.lpcmture and young Baltic
herring upon 'zooplankton abundance was strongcr (correlatiOil factor of 0.8
0.9).

On the long-term. basis the analysis of zooplankton abundanee unJ
biomass variability was carried out by 5-year periods to eliminut~ the ~JIeet 01'
faetors, defining zooplankton development and to obinin the gc~wral pattern 01'
zooplankton community dynamics. The material was subdivided by the
following periods: 1975-1980. 1981-1985, 1986.:.1990 und 1991..:1993. The'drita
provided by O. Krylova (1985) \vere used tor the'period of 1975-1980. ·On thc
background of avcrage zooplankton abulldanee and biomass valucs in the first
and the second periods, a sharp iricrcase or 1he latter pflrmneters was observcd

.'
t
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lIing 1986-1990. Hcsidcs, the hiomuss increase associated to the decrease 01'
Ildividuals weight in commufl,it}'. During the latcstpcriod (1991-1993)

.!.ooplankton devcloplllcnt inthe Vistula Lagoon may be dcfincd as mi a...erag~
one. No variability 6f dominutcd species number was observed. .

Discussion

Zooplankton of the Vistula Lagoon has been researchcd for a long period
since the end of 19th century. The first researches were crirried out by Gerniuri
'scicntists (Schroedd~r, 1866; WiIler~ 1925). hi the second half of ihe 20th
Cl~ntllry zooplankton 01' the Polish part of the VistiJ,la Lago<?n ·was studied by
Z. Rozanska (1963),B.Adamkiewicz-Chojnacka (1985, 1989" 1990) and that (jf
the Russinn part - by AZhudova (1978), O.Krylova (i985),E.Naumenko
(1992~ .

According to the data of Pol;sh scicntists zooplankton 01' tllc Vist~la
Lag()on is represented by 3 major groups or invertebrates: Rotatoria. Clridocera.
Copepoda. The number of species in above groups dcpends on 'fiie snlinity
gmdicrit, ..Thus according tO,Z.Rownska (1964) in the most fresh-water part of
the Lagoon (souih-westcrn) Rotatoria ure represented by 29 ßpccics. Cladoccra .
hy 9 spccies, Copcpoda b)' 7. sped~s. Closcr t<;> thc DaItic Strait salinity incrcilScs
und the spccjes immber reduces: Rotatoria -.4 specics, Cladoccra - 4 spccies.
Copcpoda - 5 specics. Totnlly 58 zooplankton species wcrc tound in the Poli~h

.part of the Lagoori, incltiding 34 of Rotutori~ i 3 ,jf Cladocera und i 1 of
Copcpoda

In the Russian part of the Lägoon number of spccics also dccrcuScs
towards thc Bultic Slrait. The most species diversity~ üCl~urding to O.Krylova,
\\'US obseiTcd in ihc brackish water adjacent to the.D1Ollth ofPregolya rh·cr. Tot~
number 01' invertcbrate spt:cies, tound by O. Krylova,. amountcd to 30, inciliding
12 Rotatoria, 11 CladoccH!, 7 Copepöda. At present 80 species mid subsp~cies

Me .found in the Vistuia Lagoon zooplankton. including 44 Rotatoria, 18
Ciadocera; arid 18 Copepoda (Tublc 1).

Different zooplnnkhin fauna compositioll in Polish und Russiari parts of
tbe Vistula Lagoon is dclinr.d by thc prcsence of fresh-wate r specics cOJ~plcx in
more fresh-water Polish part. Scasonal dynamies of zOopl31ikton in Polish and
Russiall parts are siiuilar (Adamkjewicz-Chojl"i~cka, Rozallska, i990). Thc
dOtllinat(;u spccies compm~hion of the Polisn rind Russian parts of the LUgQ(-ln is
similar und typical for th~. bmckish waters of the South ßaliic area. 1',lllis in thc
Darss-Zingst system such spcCics as B.('al~!cilorus, K,cocIearis. r.lorigise~

E.affinis arc specified as the dOlniriuted ones (Heerkloss et a1., 1991). .
Zooplankton commünities in the BaJtic lugoons and· estuaries' .ire affected

by thc sulinity gradient ~:arintions. Thus. in the Vi~tula Lrigoon \vater salinity
vanes trom 0.3 to 3,)%, in Polish pait from 1.5 io 4.5%, estuudcs 01' Dmss-
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.Zingst from 1.5 to 8.5°'0. Water saJinity 18 an imrortant fhctor, which Jcfines
zooplankton developmcnt. Satinity variations <l1Tect specific compositioil to the
grenter extent than ubllndance. Potish scientists confinn the abovc cotlclusion
(Adnmkiewicz-Chojnuck8:. ROltinska, 1985). It is reasonabJe, since salinity
variations in tl!O~c :.!rc~.s ne'!t.:f ~x~t;ed th~ "c:ritit:al"valnc (Khlebovich~ 1974).

Zooplankton quantitativc devclopmeilt in the Russiau part of Vistula
Lagoon is lower thau in th(~ Polish part and some othcr cstuarics of the South
Bultic area We cotlsider the above cvent to be relatcd tn thc more strong

pressure 01' the yonng Baltic herring in thp. Russian part of the Lngoon. than in
the Polish part. Low abundanc\: und biomass of ZOopiLUlkton dUrillg 1981-1985
is reInted to oeeurence 01' ~trong ycnr-classes 01' the Baltie herri ng (Krnsovskuya.
1992). Both qualitative (abundance, biornuss, average individual wcighi.) unu
structural (specifie eomposition. proportion of taxonomie groups) indices \verc
considercd ns the indientor 01' eutrophicution. Increasc of zooplankton .-

. abundance rind biomuss during 1986-1990 was associated to increase of
Rotatoria abundatlcc, dl~cr~as~ 01' the average individual und decrease of
Copcpoda prc p011ion. lt may evidenee the taxonomie rcstructuring of
zooplankton commllnity reInted to growth ofwater nutnent load. SilHiJar changcs
in other i"..ooplankton comillunities assoeiuted to the nutrient conlcnt incrcasc
were noted by I.Andronnikova (1988), N.Kruehkova (1987). During llte latcst
years the system is stubilizing, since depression iri agriculture und industry
results in a shnrp deen6nse of riutricnts input from fields. IIo\\'c\'cr,' sharp
outbursts of long-tenn zooplankton quantitative dcvclopmcllt in thc Vislula
Lagoon cause misgivjngs~ sicc thcy evidence thc distabili7,ntion of the Lagoon
ecosystem.

Conclusion

Zooplankton eommunity 01' the Vistula Lugoon is rcprcsentcd by 80 e
species and subspecies, including Rotutoria 44, Cladocera 18. Copcpoda 18.
Eury~ne speeies predominate. Frcsh-watcr speeies complex is observed only
in the more fresh-\vatcr Polish part nCa! Vistula delta, und in the Russian purt
near the Pregolja mouth. Copcpod:i predominate's in the eommunily whieh' is .
common for lagoons and estuaries of thc South Baltie area Salinity variations
aftect zoophmkton speeific composition, und thci quantitative development is
defined by the temperature und young fish pressure in the Russian part. In the
long-tenn dynamics of zooplankton the period of abundancc und. biomass sharp
increase, is acompanied by dccrease of the average individual wcight, inerease of
Rotatoria relative abundance and decreäse of Copepodo proportion which
evidences destubilizntion of thc Lugoon ecosystem.
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. Teble 1

Parameters eharaeterlzlng morphometry hydrography' and degre. of
eutrophleatlon of the of Vlltula lagoon

r
-

Author I -Parameter Russian part Polish part , Author
Area 472,5 km;! Solovjev,1971 328 km" I Heerkloss

Iet all,1991
,Mean depth 2,7 m .. 2,4m ' ..- - - -

Salinity 0,3-8,5 %0 I Juruvleva,Tschosfnska, .0,7-4;5 %0
,- -

I

I
1971 . I

pH-value I 6.4-9,2
,

8,5 + • I- - - -
Secchi·depth I 0,5-1,2 m

.,
Lysas,1~71 0,3-1 ,0m I

,.- -
02 I 6.3-12,5 mg/I Juruvleva,Tschosinska, II 1911

Phosphate . 39 mkg/l ,- . .
N02' 15 mk /1 •- .

9 I
L-_

N_O_3·_--'-_2_30_m_k_gl_'--..L " -'-.~.._._:_.,:_.~__~I

Table 3

Average value ot zooplankton abundanee (N, ths.lnd.l m3 ) and bloma.s '
. (B,g/m3 ) In the VI.tul. lagoon (russlan part) In 1980·1993 year.

Cr~ops N er B er

Rotatoria 63,5 62,6 0,09 0,09 ,.
...~...:-.: .-.=

0,11 0,18Cladoc'era .' 3,5 6~6
. '. I

Copepoda 18,6 42;2' 0,71 0,40.

Total 145,6 96,1 0,91 0.46



- '-10 -

Table 2
Specias composition of zooplankton community in the Vistula 'Iagoon

Speeles Author's KryIOVI, Rozanlka,
dala 1985 1963

Rotatorla

Anureopsis fissa (Gosse) +-
Ascomorpha sp. Perty +
A.~p'anchna prlodonta Gosso + + +
Brachionus angularis Gosse + + +
B.calyciftorus c::Jlycillorus Pallas + + +
B. .;.". amphiceros +
B.•". anureiformis Brehm. +. .-
B. -". sp!nosus Wierr. +-
B.quadridentatus quadridentatus Herrn. + + +
B.•n. hyphalmyros Tschag. +
B. plicatiiis plicatilis Mull. +.
B. rubens Ehrb. +
B. urceus (L.) + +
Brachionus sp. +
Colurella sp. Bory de St.Vincent +
Euchlanis dilataia Et'lrb. + +
Filinia brachiata (Rousselet) +
F. Iongiseta (Ehrb.) + + +
Hexartra fennic::i (Lev.) +

" ..: + +
J<eillcottia longisplna (Keil.) + + +
Kerat~lI~ Cillciform!s (Tampson) + +
K. cochlearis cochlearis (Gosse) + + +
K.•"- testa (Gosse) + + + -eK. quadrata (Mull.) + + +
K. valg~ (Ehr~.) +
'_ecane lunaris (Ehib.) +
L. luna (Mull.) +

."...:, Lepadella patella (Mull.) +
Notholca acuminata (Ehrb.) + +- +
N. foliacea (Ehro.) +
N. labis Gosse +
N. Iimnetlca (lev.) +'
N. souamula squamllla (Mull.) + +,
N. striata (Mull.) +
Polyartrc. vulgaris Carlin + + +
Ptigura sp. Ehrb. +
Rotaria rotatoria (Pallas) +
Synchaeta litoralis Raus. +
Synchaeta spp. + +
Tes~l.ldine"a patina (Herrn.) + + +
Trichocerca (~.str.) capucina (Wierzejska et +
Zacharias)
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Teble 2 (contJn~ed)

Speeles Author'. Krylova, Rozanska,
data 1985 1963

T. (s.str.) poclllum (MUlL) +
Trl~hocerca spp. Lamark + " +

Cladocera

p'ona sp. Oaird +
Alonella ~xiglJa Lill.. +
Bosmina coregonl Baird + ..
B..... maritima P.E.Mu!ler + +
B. longirostris (O.F.Muller ) + + +
Ceriodaphnia quadrangula O.F.Muller +
C; pulchella G.O.Sars +
C. reticulata (Jurine) +
Chydorus sphaericus O.F.Muller + + +
Daphnia crystata Sars +
D.cucullata G.O.Sars ' + + +
D. longispina O.F .Muller + +
Diaphanosome brachyurum Liev. + + +
Evadne nordmanni Loven + +,
Leptodora k!ndtii (Focke) + +
Pleuroxus sp. Baird +
Podon polyphemoides Leuekart +, + +
Streblocerus sp. +

Copepoda

Acantocyclops vernalls (Fischer) +
A.v1rldls'Juru. le + + +
r\cartla bl1llosa Glosbrecl'lt + + +
A. longlremls (LIJI.) + +
A. tonse Oens .+ +
Canthocamptus staphyllnus Jurlne +
Cyclops sp. Muller (copepodlt) +
C. strenulis Fischer + + '
C. vicinus Ullan. + +
ElIcy~!ops (s.str.) serrularus (Fischer) +
EUdiaptomus gracilis Sars ..
E. graclloides Llll. +
Ellrytemora aftinis Poppe + + +
E. hirundoides Nord +
Harpacticoida spp. + + +
Mesocyclops leuckartl (Claus) + +
Pset;docalanu~ elongatus Boeck +
Temora longlcllrnls Muller + +
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Table 4-

r ... - '0,.34 -

h" ;: 665,0 ?7,3 'I' 0,9.5 syenr -L;. 3-4•
TI = 3,05 - 0,37 Tl~ + 0,08 8

3
_

4year

ahm·, l1·ontl1, r - correls tion index)

?

~ßGR:E3SION B"WA~rlorr· OE' ZOOPLANKTON ·ABUNDAN0E ( jJ, l;houß. ind. / E.::.J.
"UJD 3IC:"~LSS ( B. r.::im' ) A~:::) i'/ATER TEr'iFERATURE ( T, oe) l.};D

S_,~.LII;ITY ( s. 0/00 ) I:1 T}:E YISTDL J.., LAGOOn ( numbers at vnriablgEL
I



- 13

s

~
.,'

1 :-
N . ,

3'...... ..

-, .. ,'.

Fig.1. 'Map of ,zooplallkton'sronplins in·the Vistula Lagoon.
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Fig . 2. STRUCTUl{E OF ZCOPLAr;KTOl1 COI'1JtimUTY· III TUE VISTULA LAGOOtl·

N.UMBER

·CLADOOERA

mON'ASS



- 15 -

Fig.3. Beasonal dynamic~o~ abundanoe (a) and biomass ( b )

or zooplankton in tbe Vietula Lagoon. 1 - Rotatoria.

2 - Oladocera, "3 - Gopepoda, 4 - Total. Axis: absciss-
. .
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Fig. 4. Long-tero d~~amico of zooplankton abundance ( Nt

thous.sp.1 m3)and biomasB ( B, 81m3) in the

Vistula. Laf;oon.

1991-1993 Y~er

~ - Uumber

I' I' - B10mass
, .

1986;..19901981-1985~9?5-1980

B

o L._l..LL.l._-L__~.L-L.---L--_--l...L-.e----I_--'J."'-~-'-"'--

N

100 1

200

;00

..,.-'
-;,.;!;...:. .•
~1:.


